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<latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CQ83UILG6vyW1KqJe7LvAF5fpyc=">AAAB6nicbVBNSwMxFHzrZ61Vq1cvwVbwVHa96FHw4rGC/YB2Ldk024Ym2SV5q5Sl/8OLB0X8Qd78N2bbHrR1IDDMvMebTJRKYdH3v72Nza3tnd3SXnm/cnB4VD2utG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyW3hd564sSLRDzhNeajoSItYMIpOeqz3FcVxFOfZbBDUB9Wa3/DnIOskWJIaLNEcVL/6w4RlimtkklrbC/wUw5waFEzyWbmfWZ5SNqEj3nNUU8VtmM9Tz8i5U4YkTox7Gslc/b2RU2XtVEVusghpV71C/M/rZRhfh7nQaYZcs8WhOJMEE1JUQIbCcIZy6ghlRrishI2poQxdUWVXQrD65XXSvmwEfiO496EEp3AGFxDAFdzAHTShBQwMvMAbvHvP3qv3sahrw1v2dgJ/4H3+AJjxkLk=</latexit><latexit sha1_base64="CQ83UILG6vyW1KqJe7LvAF5fpyc=">AAAB6nicbVBNSwMxFHzrZ61Vq1cvwVbwVHa96FHw4rGC/YB2Ldk024Ym2SV5q5Sl/8OLB0X8Qd78N2bbHrR1IDDMvMebTJRKYdH3v72Nza3tnd3SXnm/cnB4VD2utG2SGcZbLJGJ6UbUcik0b6FAybup4VRFkneiyW3hd564sSLRDzhNeajoSItYMIpOeqz3FcVxFOfZbBDUB9Wa3/DnIOskWJIaLNEcVL/6w4RlimtkklrbC/wUw5waFEzyWbmfWZ5SNqEj3nNUU8VtmM9Tz8i5U4YkTox7Gslc/b2RU2XtVEVusghpV71C/M/rZRhfh7nQaYZcs8WhOJMEE1JUQIbCcIZy6ghlRrishI2poQxdUWVXQrD65XXSvmwEfiO496EEp3AGFxDAFdzAHTShBQwMvMAbvHvP3qv3sahrw1v2dgJ/4H3+AJjxkLk=</latexit><latexit sha1_base64="X31DDuAMnsBmBK4EuFEIvCPSJPk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBFvBVZkRQZcFNy4r2Ae0tWTSTBuayQzJHaUM/Q83LhRx67+482/MtLPQ1gOBwzn3ck+OH0th0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPd8anhUijeRIGSd2LNaehL3vYnN5nffuTaiEjd4zTm/ZCOlAgEo2ilh2ovpDj2gzSZDbzqoFxxa+4cZJV4OalAjsag/NUbRiwJuUImqTFdz42xn1KNgkk+K/USw2PKJnTEu5YqGnLTT+epZ+TMKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RZVsCd7yl1dJ66LmuTXvzq3UL/M6inACp3AOHlxBHW6hAU1goOEZXuHNeXJenHfnYzFacPKdY/gD5/MH3gqSBw==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit><latexit sha1_base64="TWafxJPENshfpcWOwqqZPzQAhbM=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kCazgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MH3qqSCQ==</latexit>

. . .
<latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit><latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit><latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit><latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit>
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<latexit sha1_base64="1BKIREjyZSmsQJ7uC3OWkOGDaRc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBFvBVZkpgi4LblxWsA/oDCWTZtrQTCYkGaEO/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRVhHZIwhPVD7GmnAnaMcxw2peK4jjktBdOb3O/90iVZol4MDNJgxiPBYsYwcZKft2PsZmEUfY0rw+rNbfhLoDWiVeQGhRoD6tf/ighaUyFIRxrPfBcaYIMK8MIp/OKn2oqMZniMR1YKnBMdZAtMs/RhVVGKEqUfcKghfp7I8Ox1rM4tJN5RL3q5eJ/3iA10U2QMSFTQwVZHopSjkyC8gLQiClKDJ9ZgoliNisiE6wwMbamii3BW/3yOuk2G57b8O6btdZVUUcZzuAcLsGDa2jBHbShAwQkPMMrvDmp8+K8Ox/L0ZJT7JzCHzifP7hWkWo=</latexit><latexit sha1_base64="1BKIREjyZSmsQJ7uC3OWkOGDaRc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBFvBVZkpgi4LblxWsA/oDCWTZtrQTCYkGaEO/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRVhHZIwhPVD7GmnAnaMcxw2peK4jjktBdOb3O/90iVZol4MDNJgxiPBYsYwcZKft2PsZmEUfY0rw+rNbfhLoDWiVeQGhRoD6tf/ighaUyFIRxrPfBcaYIMK8MIp/OKn2oqMZniMR1YKnBMdZAtMs/RhVVGKEqUfcKghfp7I8Ox1rM4tJN5RL3q5eJ/3iA10U2QMSFTQwVZHopSjkyC8gLQiClKDJ9ZgoliNisiE6wwMbamii3BW/3yOuk2G57b8O6btdZVUUcZzuAcLsGDa2jBHbShAwQkPMMrvDmp8+K8Ox/L0ZJT7JzCHzifP7hWkWo=</latexit><latexit sha1_base64="1BKIREjyZSmsQJ7uC3OWkOGDaRc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBFvBVZkpgi4LblxWsA/oDCWTZtrQTCYkGaEO/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRVhHZIwhPVD7GmnAnaMcxw2peK4jjktBdOb3O/90iVZol4MDNJgxiPBYsYwcZKft2PsZmEUfY0rw+rNbfhLoDWiVeQGhRoD6tf/ighaUyFIRxrPfBcaYIMK8MIp/OKn2oqMZniMR1YKnBMdZAtMs/RhVVGKEqUfcKghfp7I8Ox1rM4tJN5RL3q5eJ/3iA10U2QMSFTQwVZHopSjkyC8gLQiClKDJ9ZgoliNisiE6wwMbamii3BW/3yOuk2G57b8O6btdZVUUcZzuAcLsGDa2jBHbShAwQkPMMrvDmp8+K8Ox/L0ZJT7JzCHzifP7hWkWo=</latexit><latexit sha1_base64="1BKIREjyZSmsQJ7uC3OWkOGDaRc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBFvBVZkpgi4LblxWsA/oDCWTZtrQTCYkGaEO/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRVhHZIwhPVD7GmnAnaMcxw2peK4jjktBdOb3O/90iVZol4MDNJgxiPBYsYwcZKft2PsZmEUfY0rw+rNbfhLoDWiVeQGhRoD6tf/ighaUyFIRxrPfBcaYIMK8MIp/OKn2oqMZniMR1YKnBMdZAtMs/RhVVGKEqUfcKghfp7I8Ox1rM4tJN5RL3q5eJ/3iA10U2QMSFTQwVZHopSjkyC8gLQiClKDJ9ZgoliNisiE6wwMbamii3BW/3yOuk2G57b8O6btdZVUUcZzuAcLsGDa2jBHbShAwQkPMMrvDmp8+K8Ox/L0ZJT7JzCHzifP7hWkWo=</latexit>
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<latexit sha1_base64="/6OzIFQ3FWANgVlQsWcaapBLcNY=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBpPKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPNtuSQw==</latexit><latexit sha1_base64="/6OzIFQ3FWANgVlQsWcaapBLcNY=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBpPKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPNtuSQw==</latexit><latexit sha1_base64="/6OzIFQ3FWANgVlQsWcaapBLcNY=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBpPKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPNtuSQw==</latexit><latexit sha1_base64="/6OzIFQ3FWANgVlQsWcaapBLcNY=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBpPKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPNtuSQw==</latexit>

u2
<latexit sha1_base64="gODMpR8Tk3ddx9unsUNZyXdvztI=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucP4C+SCg==</latexit><latexit sha1_base64="gODMpR8Tk3ddx9unsUNZyXdvztI=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucP4C+SCg==</latexit><latexit sha1_base64="gODMpR8Tk3ddx9unsUNZyXdvztI=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucP4C+SCg==</latexit><latexit sha1_base64="gODMpR8Tk3ddx9unsUNZyXdvztI=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QZrMBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucP4C+SCg==</latexit>

. . .
<latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit><latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit><latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit><latexit sha1_base64="lahmCktN/Pt2AvMJAxpKpUTqfl0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lstu3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKTEUjKKVutW+DGM01UG54tbcBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFvTNyYZWQDGNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSHN74mVBJilyx5aJhKgnGZP48CYXmDOXUEsq0sLcSNqaaMrQRlWwI3urL66Rdr3luzbuvVxpXeRxFOINzuAQPrqEBd9CEFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNx1I+E</latexit>b1

<latexit sha1_base64="eGsv5OhlzofBIrFu9TDoI2eTIXU=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHwZKR9g==</latexit><latexit sha1_base64="eGsv5OhlzofBIrFu9TDoI2eTIXU=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHwZKR9g==</latexit><latexit sha1_base64="eGsv5OhlzofBIrFu9TDoI2eTIXU=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHwZKR9g==</latexit><latexit sha1_base64="eGsv5OhlzofBIrFu9TDoI2eTIXU=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzgVcZlMpu1Z2DrBIvJ2XI0RiUvnrDiCUhSsME1brrubHpp1QZzgTOir1EY0zZhI6wa6mkIep+Ok89I+dWGZIgUvZJQ+bq742UhlpPQ99OZiH1speJ/3ndxATX/ZTLODEo2eJQkAhiIpJVQIZcITNiagllitushI2poszYooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYwUPAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHwZKR9g==</latexit>

b2
<latexit sha1_base64="4HAP7dMlcGa98jrXueqgWG8ptAQ=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QerPBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPwxeR9w==</latexit><latexit sha1_base64="4HAP7dMlcGa98jrXueqgWG8ptAQ=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QerPBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPwxeR9w==</latexit><latexit sha1_base64="4HAP7dMlcGa98jrXueqgWG8ptAQ=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QerPBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPwxeR9w==</latexit><latexit sha1_base64="4HAP7dMlcGa98jrXueqgWG8ptAQ=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QerPBrXKoFR2q+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+epZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZBbSLHuZ+J/XTTC47qdCxQlyxRaHgkQSjEhWARkKzRnKqSWUaWGzEjammjK0RRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOEZXuHNeXJenHfnYzG65uQ7J/AHzucPwxeR9w==</latexit>

bk
<latexit sha1_base64="7rFF+Nzk9gOjJn6+sjiSblPk3+A=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzwaQyKJXdqjsHWSVeTsqQozEoffWGEUtClIYJqnXXc2PTT6kynAmcFXuJxpiyCR1h11JJQ9T9dJ56Rs6tMiRBpOyThszV3xspDbWehr6dzELqZS8T//O6iQmu+ymXcWJQssWhIBHERCSrgAy5QmbE1BLKFLdZCRtTRZmxRRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOAZXuHNeXJenHfnYzG65uQ7J/AHzucPGcOSMA==</latexit><latexit sha1_base64="7rFF+Nzk9gOjJn6+sjiSblPk3+A=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzwaQyKJXdqjsHWSVeTsqQozEoffWGEUtClIYJqnXXc2PTT6kynAmcFXuJxpiyCR1h11JJQ9T9dJ56Rs6tMiRBpOyThszV3xspDbWehr6dzELqZS8T//O6iQmu+ymXcWJQssWhIBHERCSrgAy5QmbE1BLKFLdZCRtTRZmxRRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOAZXuHNeXJenHfnYzG65uQ7J/AHzucPGcOSMA==</latexit><latexit sha1_base64="7rFF+Nzk9gOjJn6+sjiSblPk3+A=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzwaQyKJXdqjsHWSVeTsqQozEoffWGEUtClIYJqnXXc2PTT6kynAmcFXuJxpiyCR1h11JJQ9T9dJ56Rs6tMiRBpOyThszV3xspDbWehr6dzELqZS8T//O6iQmu+ymXcWJQssWhIBHERCSrgAy5QmbE1BLKFLdZCRtTRZmxRRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOAZXuHNeXJenHfnYzG65uQ7J/AHzucPGcOSMA==</latexit><latexit sha1_base64="7rFF+Nzk9gOjJn6+sjiSblPk3+A=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZn0ThuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx4Jr47rfztr6xubWdmGnuLu3f3BYOjpu6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yk/ntR1SaR/LeTGPsh3QkecAZNVZ6qPRCasZ+kPqzwaQyKJXdqjsHWSVeTsqQozEoffWGEUtClIYJqnXXc2PTT6kynAmcFXuJxpiyCR1h11JJQ9T9dJ56Rs6tMiRBpOyThszV3xspDbWehr6dzELqZS8T//O6iQmu+ymXcWJQssWhIBHERCSrgAy5QmbE1BLKFLdZCRtTRZmxRRVtCd7yl1dJq1b13Kp3VyvXL/M6CnAKZ3ABHlxBHW6hAU1goOAZXuHNeXJenHfnYzG65uQ7J/AHzucPGcOSMA==</latexit>

r1
<latexit sha1_base64="XpEKMOMrzQFOVW2ZjsNzM88e5LA=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QapnA68yKJXdqjsHWSVeTsqQozEoffWGEUtCrpBJakzXc2Psp1SjYJLPir3E8JiyCR3xrqWKhtz003nqGTm3ypAEkbZPIZmrvzdSGhozDX07mYU0y14m/ud1Ewyu+6lQcYJcscWhIJEEI5JVQIZCc4ZyagllWtishI2ppgxtUUVbgrf85VXSqlU9t+rd1cr1y7yOApzCGVyAB1dQh1toQBMYaHiGV3hznpwX5935WIyuOfnOCfyB8/kD2hKSBg==</latexit><latexit sha1_base64="XpEKMOMrzQFOVW2ZjsNzM88e5LA=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QapnA68yKJXdqjsHWSVeTsqQozEoffWGEUtCrpBJakzXc2Psp1SjYJLPir3E8JiyCR3xrqWKhtz003nqGTm3ypAEkbZPIZmrvzdSGhozDX07mYU0y14m/ud1Ewyu+6lQcYJcscWhIJEEI5JVQIZCc4ZyagllWtishI2ppgxtUUVbgrf85VXSqlU9t+rd1cr1y7yOApzCGVyAB1dQh1toQBMYaHiGV3hznpwX5935WIyuOfnOCfyB8/kD2hKSBg==</latexit><latexit sha1_base64="XpEKMOMrzQFOVW2ZjsNzM88e5LA=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QapnA68yKJXdqjsHWSVeTsqQozEoffWGEUtCrpBJakzXc2Psp1SjYJLPir3E8JiyCR3xrqWKhtz003nqGTm3ypAEkbZPIZmrvzdSGhozDX07mYU0y14m/ud1Ewyu+6lQcYJcscWhIJEEI5JVQIZCc4ZyagllWtishI2ppgxtUUVbgrf85VXSqlU9t+rd1cr1y7yOApzCGVyAB1dQh1toQBMYaHiGV3hznpwX5935WIyuOfnOCfyB8/kD2hKSBg==</latexit><latexit sha1_base64="XpEKMOMrzQFOVW2ZjsNzM88e5LA=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7QapnA68yKJXdqjsHWSVeTsqQozEoffWGEUtCrpBJakzXc2Psp1SjYJLPir3E8JiyCR3xrqWKhtz003nqGTm3ypAEkbZPIZmrvzdSGhozDX07mYU0y14m/ud1Ewyu+6lQcYJcscWhIJEEI5JVQIZCc4ZyagllWtishI2ppgxtUUVbgrf85VXSqlU9t+rd1cr1y7yOApzCGVyAB1dQh1toQBMYaHiGV3hznpwX5935WIyuOfnOCfyB8/kD2hKSBg==</latexit>

Linear
Coefficients

rk
<latexit sha1_base64="/ugoANoimGth8cIoK5tHO+IcAPw=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7Qapng0llUCq7VXcOskq8nJQhR2NQ+uoNI5aEXCGT1Jiu58bYT6lGwSSfFXuJ4TFlEzriXUsVDbnpp/PUM3JulSEJIm2fQjJXf2+kNDRmGvp2Mgtplr1M/M/rJhhc91Oh4gS5YotDQSIJRiSrgAyF5gzl1BLKtLBZCRtTTRnaooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYw0PAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHMkOSQA==</latexit><latexit sha1_base64="/ugoANoimGth8cIoK5tHO+IcAPw=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7Qapng0llUCq7VXcOskq8nJQhR2NQ+uoNI5aEXCGT1Jiu58bYT6lGwSSfFXuJ4TFlEzriXUsVDbnpp/PUM3JulSEJIm2fQjJXf2+kNDRmGvp2Mgtplr1M/M/rJhhc91Oh4gS5YotDQSIJRiSrgAyF5gzl1BLKtLBZCRtTTRnaooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYw0PAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHMkOSQA==</latexit><latexit sha1_base64="/ugoANoimGth8cIoK5tHO+IcAPw=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7Qapng0llUCq7VXcOskq8nJQhR2NQ+uoNI5aEXCGT1Jiu58bYT6lGwSSfFXuJ4TFlEzriXUsVDbnpp/PUM3JulSEJIm2fQjJXf2+kNDRmGvp2Mgtplr1M/M/rJhhc91Oh4gS5YotDQSIJRiSrgAyF5gzl1BLKtLBZCRtTTRnaooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYw0PAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHMkOSQA==</latexit><latexit sha1_base64="/ugoANoimGth8cIoK5tHO+IcAPw=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYCu4KjNF0GXBjcsK9gFtLZk004ZmMkNyRylD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JPjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm8xvP3JtRKTucRrzfkhHSgSCUbTSQ6UXUhz7Qapng0llUCq7VXcOskq8nJQhR2NQ+uoNI5aEXCGT1Jiu58bYT6lGwSSfFXuJ4TFlEzriXUsVDbnpp/PUM3JulSEJIm2fQjJXf2+kNDRmGvp2Mgtplr1M/M/rJhhc91Oh4gS5YotDQSIJRiSrgAyF5gzl1BLKtLBZCRtTTRnaooq2BG/5y6ukVat6btW7q5Xrl3kdBTiFM7gAD66gDrfQgCYw0PAMr/DmPDkvzrvzsRhdc/KdE/gD5/MHMkOSQA==</latexit>

CASTER
<latexit sha1_base64="wBxt0+uNNcfqvwCvBcFfAquFX30=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0GOlCB6r9gvaUDbbbbt0swm7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPjwTX4Djf1srq2vrGZmYru72zu7dv5w4aOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf1RZeo375nSPJQ1GEfMC8hA8j6nBIzUtXOFDrBHAEgql3e1q9tJoWvnnaIzA14mbkryKEW1a391eiGNAyaBCqJ123Ui8BKigFPBJtlOrFlE6IgMWNtQSQKmvWR2+gSfGKWH+6EyJQHP1N8TCQm0Hge+6QwIDPWiNxX/89ox9C+8hMsoBibpfFE/FhhCPM0B97hiFMTYEEIVN7diOiSKUDBpZU0I7uLLy6RRKrpO0b0p5ctnaRwZdISO0Sly0Tkqo2tURXVE0QN6Rq/ozXqyXqx362PeumKlM4foD6zPH05tk1A=</latexit><latexit sha1_base64="wBxt0+uNNcfqvwCvBcFfAquFX30=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0GOlCB6r9gvaUDbbbbt0swm7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPjwTX4Djf1srq2vrGZmYru72zu7dv5w4aOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf1RZeo375nSPJQ1GEfMC8hA8j6nBIzUtXOFDrBHAEgql3e1q9tJoWvnnaIzA14mbkryKEW1a391eiGNAyaBCqJ123Ui8BKigFPBJtlOrFlE6IgMWNtQSQKmvWR2+gSfGKWH+6EyJQHP1N8TCQm0Hge+6QwIDPWiNxX/89ox9C+8hMsoBibpfFE/FhhCPM0B97hiFMTYEEIVN7diOiSKUDBpZU0I7uLLy6RRKrpO0b0p5ctnaRwZdISO0Sly0Tkqo2tURXVE0QN6Rq/ozXqyXqx362PeumKlM4foD6zPH05tk1A=</latexit><latexit sha1_base64="wBxt0+uNNcfqvwCvBcFfAquFX30=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0GOlCB6r9gvaUDbbbbt0swm7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPjwTX4Djf1srq2vrGZmYru72zu7dv5w4aOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf1RZeo375nSPJQ1GEfMC8hA8j6nBIzUtXOFDrBHAEgql3e1q9tJoWvnnaIzA14mbkryKEW1a391eiGNAyaBCqJ123Ui8BKigFPBJtlOrFlE6IgMWNtQSQKmvWR2+gSfGKWH+6EyJQHP1N8TCQm0Hge+6QwIDPWiNxX/89ox9C+8hMsoBibpfFE/FhhCPM0B97hiFMTYEEIVN7diOiSKUDBpZU0I7uLLy6RRKrpO0b0p5ctnaRwZdISO0Sly0Tkqo2tURXVE0QN6Rq/ozXqyXqx362PeumKlM4foD6zPH05tk1A=</latexit><latexit sha1_base64="wBxt0+uNNcfqvwCvBcFfAquFX30=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0GOlCB6r9gvaUDbbbbt0swm7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPjwTX4Djf1srq2vrGZmYru72zu7dv5w4aOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf1RZeo375nSPJQ1GEfMC8hA8j6nBIzUtXOFDrBHAEgql3e1q9tJoWvnnaIzA14mbkryKEW1a391eiGNAyaBCqJ123Ui8BKigFPBJtlOrFlE6IgMWNtQSQKmvWR2+gSfGKWH+6EyJQHP1N8TCQm0Hge+6QwIDPWiNxX/89ox9C+8hMsoBibpfFE/FhhCPM0B97hiFMTYEEIVN7diOiSKUDBpZU0I7uLLy6RRKrpO0b0p5ctnaRwZdISO0Sly0Tkqo2tURXVE0QN6Rq/ozXqyXqx362PeumKlM4foD6zPH05tk1A=</latexit>Latent

Decoder

Predictor

Reconstruction
& Prediction

Module

C
<latexit sha1_base64="ngbdIO6kAptJzo/egAuccse4qrI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WWxG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9ra3tndK+9XDg6Pjk+qp2c9lRhJaJckPJGDECvKmaBdzTSng1RSHIec9sNZO/f7T1QqlohHPU9pEOOJYBEjWFvJr/sx1tMwzNqL+qhacxvuEmiTeAWpQYHOqPrljxNiYio04VipoeemOsiw1Ixwuqj4RtEUkxme0KGlAsdUBdky8wJdWWWMokTaJzRaqr83MhwrNY9DO5lHVOteLv7nDY2OboOMidRoKsjqUGQ40gnKC0BjJinRfG4JJpLZrIhMscRE25oqtgRv/cubpNdseG7De2jWWndFHWW4gEu4Bg9uoAX30IEuEEjhGV7hzTHOi/PufKxGS06xcw5/4Hz+AGKikT0=</latexit><latexit sha1_base64="ngbdIO6kAptJzo/egAuccse4qrI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WWxG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9ra3tndK+9XDg6Pjk+qp2c9lRhJaJckPJGDECvKmaBdzTSng1RSHIec9sNZO/f7T1QqlohHPU9pEOOJYBEjWFvJr/sx1tMwzNqL+qhacxvuEmiTeAWpQYHOqPrljxNiYio04VipoeemOsiw1Ixwuqj4RtEUkxme0KGlAsdUBdky8wJdWWWMokTaJzRaqr83MhwrNY9DO5lHVOteLv7nDY2OboOMidRoKsjqUGQ40gnKC0BjJinRfG4JJpLZrIhMscRE25oqtgRv/cubpNdseG7De2jWWndFHWW4gEu4Bg9uoAX30IEuEEjhGV7hzTHOi/PufKxGS06xcw5/4Hz+AGKikT0=</latexit><latexit sha1_base64="ngbdIO6kAptJzo/egAuccse4qrI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WWxG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9ra3tndK+9XDg6Pjk+qp2c9lRhJaJckPJGDECvKmaBdzTSng1RSHIec9sNZO/f7T1QqlohHPU9pEOOJYBEjWFvJr/sx1tMwzNqL+qhacxvuEmiTeAWpQYHOqPrljxNiYio04VipoeemOsiw1Ixwuqj4RtEUkxme0KGlAsdUBdky8wJdWWWMokTaJzRaqr83MhwrNY9DO5lHVOteLv7nDY2OboOMidRoKsjqUGQ40gnKC0BjJinRfG4JJpLZrIhMscRE25oqtgRv/cubpNdseG7De2jWWndFHWW4gEu4Bg9uoAX30IEuEEjhGV7hzTHOi/PufKxGS06xcw5/4Hz+AGKikT0=</latexit><latexit sha1_base64="ngbdIO6kAptJzo/egAuccse4qrI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WWxG5cV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9ra3tndK+9XDg6Pjk+qp2c9lRhJaJckPJGDECvKmaBdzTSng1RSHIec9sNZO/f7T1QqlohHPU9pEOOJYBEjWFvJr/sx1tMwzNqL+qhacxvuEmiTeAWpQYHOqPrljxNiYio04VipoeemOsiw1Ixwuqj4RtEUkxme0KGlAsdUBdky8wJdWWWMokTaJzRaqr83MhwrNY9DO5lHVOteLv7nDY2OboOMidRoKsjqUGQ40gnKC0BjJinRfG4JJpLZrIhMscRE25oqtgRv/cubpNdseG7De2jWWndFHWW4gEu4Bg9uoAX30IEuEEjhGV7hzTHOi/PufKxGS06xcw5/4Hz+AGKikT0=</latexit>

Chemical
Structures
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.
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SPM
<latexit sha1_base64="G3Z1D9s2CyOnLP5TN4/Xf0IN3i4=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWJCKoA+pDZXjOq1V24lsB1RF/Q8WBhBi5V/Y+BucNgO0HMnS0Tn36h6fIOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfJX57UeqNIvkvZnE1Bd4KFnICDZWeqj0BDYjJdK7xs200i+V3ao7A1omXk7KkKPRL331BhFJBJWGcKx113Nj46dYGUY4nRZ7iaYxJmM8pF1LJRZU++ks9RSdWmWAwkjZJw2aqb83Uiy0nojATmYh9aKXif953cSEF37KZJwYKsn8UJhwZCKUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSatW9dyqd1sr1y/zOgpwDCdwBh6cQx2uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD+Wbkhk=</latexit><latexit sha1_base64="G3Z1D9s2CyOnLP5TN4/Xf0IN3i4=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWJCKoA+pDZXjOq1V24lsB1RF/Q8WBhBi5V/Y+BucNgO0HMnS0Tn36h6fIOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfJX57UeqNIvkvZnE1Bd4KFnICDZWeqj0BDYjJdK7xs200i+V3ao7A1omXk7KkKPRL331BhFJBJWGcKx113Nj46dYGUY4nRZ7iaYxJmM8pF1LJRZU++ks9RSdWmWAwkjZJw2aqb83Uiy0nojATmYh9aKXif953cSEF37KZJwYKsn8UJhwZCKUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSatW9dyqd1sr1y/zOgpwDCdwBh6cQx2uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD+Wbkhk=</latexit><latexit sha1_base64="G3Z1D9s2CyOnLP5TN4/Xf0IN3i4=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWJCKoA+pDZXjOq1V24lsB1RF/Q8WBhBi5V/Y+BucNgO0HMnS0Tn36h6fIOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfJX57UeqNIvkvZnE1Bd4KFnICDZWeqj0BDYjJdK7xs200i+V3ao7A1omXk7KkKPRL331BhFJBJWGcKx113Nj46dYGUY4nRZ7iaYxJmM8pF1LJRZU++ks9RSdWmWAwkjZJw2aqb83Uiy0nojATmYh9aKXif953cSEF37KZJwYKsn8UJhwZCKUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSatW9dyqd1sr1y/zOgpwDCdwBh6cQx2uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD+Wbkhk=</latexit><latexit sha1_base64="G3Z1D9s2CyOnLP5TN4/Xf0IN3i4=">AAAB9XicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYWJCKoA+pDZXjOq1V24lsB1RF/Q8WBhBi5V/Y+BucNgO0HMnS0Tn36h6fIOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfJX57UeqNIvkvZnE1Bd4KFnICDZWeqj0BDYjJdK7xs200i+V3ao7A1omXk7KkKPRL331BhFJBJWGcKx113Nj46dYGUY4nRZ7iaYxJmM8pF1LJRZU++ks9RSdWmWAwkjZJw2aqb83Uiy0nojATmYh9aKXif953cSEF37KZJwYKsn8UJhwZCKUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSatW9dyqd1sr1y/zOgpwDCdwBh6cQx2uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD+Wbkhk=</latexit>

* Source: U.S. Department of Health and Human Services + Source: FDA, McKinsey

FDA reports that adverse drug interactions could kill more 
than 100,000 patients in the US every year.

The cost of preventable adverse drug events would be as 
high as 115 billion dollars.  

CASTER first automatically decomposes 
any drug molecules into a sequence of 
sub-structures in a data-driven manner. 

Then, a deep dictionary learning module 
generates coefficients for each 
substructure. Substructures contributed 
to the interaction outcome are marked 
with high coefficients.



CASTER: Predicting Drug Interactions with Chemical Substructure Representation
Kexin Huang1,2, Cao Xiao2, Trong Nghia Hoang3, Lucas M. Glass2, Jimeng Sun4,5                              1Harvard 2IQVIA 3MIT-IBM Watson AI Lab 4UIUC CS 5Georgia Tech

Sunday,	February	9,	7:30	– 9:30	PM	
Applications (APP) #20 --- APP5592

Table 2: CASTER provides more accurate DDI prediction than other strong baselines. First / second row of each method
corresponds to results reported on BIOSNAP / DrugBank (DDI) dataset respectively.

Model Dataset ROC-AUC PR-AUC F1 # Parameters

LR BIOSNAP 0.802 ± 0.001 0.779 ± 0.001 0.741 ± 0.002 1,723DrugBank 0.774 ± 0.003 0.745 ± 0.005 0.719 ± 0.006

Nat.Prot BIOSNAP 0.853 ± 0.001 0.848 ± 0.001 0.714 ± 0.001 N/ADrugBank 0.786 ± 0.003 0.753 ± 0.003 0.709 ± 0.004

Mol2Vec BIOSNAP 0.879 ± 0.006 0.861 ± 0.005 0.798 ± 0.007 8,061,953DrugBank 0.849 ± 0.004 0.828 ± 0.006 0.775 ± 0.004

MolVAE BIOSNAP 0.892 ± 0.009 0.877 ± 0.009 0.788 ± 0.033 8,012,292DrugBank 0.852 ± 0.006 0.828 ± 0.009 0.769 ± 0.031

DeepDDI BIOSNAP 0.886 ± 0.007 0.871 ± 0.007 0.817 ± 0.007 8,517,633DrugBank 0.844 ± 0.003 0.828 ± 0.002 0.772 ± 0.006

CASTER BIOSNAP 0.910 ± 0.005 0.887 ± 0.008 0.843 ± 0.005 7,813,429DrugBank 0.861 ± 0.005 0.829 ± 0.003 0.796 ± 0.007

ficients. we set �1 = 1e � 5, �2 = 1e � 1. We first pre-
train the network for one epoch with the unlabelled dataset
and then proceed to the labelled dataset training process. We
use batch size 256 with Adam optimizer of learning rate
1e � 3. All methods are implemented in PyTorch (Paszke
et al. 2017). For training, we use a server with 2 Intel Xeon
E5-2670v2 2.5GHz CPUs, 128 GB RAM and 3 NVIDIA
Tesla K80 GPUs.

Evaluation Strategies. We randomly divided the dataset
into training, validation and testing sets in a 7:1:2 ratio. For
each experiment, we conducted 5 independent runs with dif-
ferent random splits of data and used early stopping based
on the ROC-AUC performance on the validation set. The
selected model via validation is then evaluated on the test
set. The results are reported below.

3.2 Q1: CASTER achieves higher accuracy in DDI
prediction

To answer Q1, we compared CASTER with the following
end-to-end algorithms:
1. Logistic Regression (LR): LR with L2 regularization us-

ing representation generated from SPM.
2. Nat.Prot: (Vilar et al. 2014) is the standard approach in

real-world DDI prediction task. It uses a similarity-based
matrix heuristic method.

3. Mol2Vec: (Jaeger, Fulle, and Turk 2018) applies
Word2Vec on ECFP fingerprint of chemical compounds
to generate a dense representation of the chemical struc-
tures. We adapt it by concatenating the latent variable of
input pairs and use large multi-layer perceptron predic-
tors to predict the drugs interaction.

4. MolVAE: (Gómez-Bombarelli et al. 2018) uses varia-
tional autoencoders on SMILES input with the molec-
ular property prediction auxiliary task to generate a com-
pact representation. They use convolutional encoder and
GRU-based decoder (Cho et al. 2014). We apply this
framework by following the same architecture but chang-
ing the auxiliary task to drug interaction prediction.

5. DeepDDI: (Ryu, Kim, and Lee 2018) is a drug inter-
action prediction model based on a task-specific chem-

ical similarity profile. We modified the last layer of the
original DeepDDI implementation from multi-class to a
binary class.

DDI prediction performance of all tested methods are re-
ported in Table 2. The results show that CASTER achieves
better predictive performance on DDI prediction across all
evaluation metrics. This demonstrates that CASTER is able
to capture the necessary interaction mechanism and is there-
fore more suitable for drug interaction prediction task than
previous approaches.

3.3 Q2: CASTER leverages unlabelled data
successfully to improve prediction
performance

To answer Q2, we design an experiment to use only a small
set of labelled data and adjust the unlabelled data size to
see if the increasing amount of unlabelled data improves the
performance of DDI prediction on the test set. From Fig. 3,
we observe that as the amount of unlabelled data increases,
CASTER is able to leverage more information from the un-
labelled data and consistently improves the accuracy of its
DDI prediction on both datasets.

3.4 Q3: CASTER generates interpretable
prediction – A case study

Given an input pair, CASTER generates a set of coeffi-
cients showing the relevance of substructures in terms of
CASTER’s predicted DDIs, a feature missing from other
baselines. We select the interaction between Sildenafil and
other Nitrate-Based drugs as a case study. Sildenafil is an
effective treatment for erectile dysfunction and pulmonary
hypertension (Langtry and Markham 1999). Sildenafil is de-
veloped as a phosphodiesterase-5 (PDE5) inhibitor. In the
presence of PDE5 inhibitor, nitrate (NO

�
3 )-based medica-

tions such as Isosorbide Mononitrate (IM) can cause dra-
matic increase in cyclic guanosine monophosphate (Mu-
rad 1986), which leads to intense drops in blood pressure
that can cause heart attack (Langtry and Markham 1999;
Ishikura et al. 2000; Chamsi-Pasha 2001). To demonstrate
CASTER’s ability to identify potential causes of interaction,

Figure 3: CASTER can leverage unlabelled data to improve DDI prediction in scarce labels scenario.

Isosorbide Mononitrate Sildenafil
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Figure 4: CASTER produces interpretable coefficients for understanding drug interaction mechanism.

cidence. This case study thus demonstrated that CASTER is
capable of suggesting sparse and reasonable cues on finding
substructures which are likely responsible to DDI.

4 Conclusion
This paper developed a new computational framework for
DDI prediction called CASTER, which is an end-to-end dic-
tionary learning framework that incorporates a specialized
representation for DDI prediction, inspired by the chemi-
cal mechanism of drug interactions. We demonstrated em-
pirically that CASTER can provide more accurate and inter-
pretable DDI predictions than the previous approaches that
use generic drug representations. For future works, we plan
to extend it to chemical sub-graph embedding and incorpo-
rate metric learning for further improvement.
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A Implementation Details
For preprocessing of the SMILES string, we use the RD-
Kit software to convert all string into canonical form. As the
software first maps the string into a Mol format file, there are
cases where RDKit cannot process some SMILES strings.
We omit these data points. The unique number of drugs de-
crease from 2,159 to 1,850 for DrugBank dataset and 1,514

to 1,322 for BIOSNAP. The overall number of DDI positive
samples drop from 222,127 to 221,523 for DrugBank and
48,514 to 41,520 for BIOSNAP.

Due to the large size of DrugBank and limited time, ex-
periment done on the DrugBank dataset uses another dataset
split scheme to not only decrease the time but also fully
leverage the dataset. For the five independent run in each
experiment, we divide the whole set into exclusive five folds
data. We then report the average and standard deviation
scores across these five runs. Hence, the evaluation considers
the full dataset but only uses a subsampled dataset in each
independent run.
Magnifying Factor. During training CASTER, we observe
that since Eq. (7) applies ridge regression, the coefficients
r are relatively small. In order to allow faster training for
the predictor, we multiple each coefficient by a magnifying
factor of 100, i.e. enlarging the learning rate for the input
weights, to obtain an augmented coefficient. This allow the
loss decreases much faster.
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CASTER assigns high coefficients to 
relevant substructures for the 
interaction outcome.

The coefficients are robust against 
model random initialization. It 
achieves 0.767 correlation across 
five different random seeds. 

CASTER has the best predictive performance across two 
datasets against state-of-the-art baselines. Meaning 
that it captures the mechanism of drug interactions. 


