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Can we use autoencoders to learn meaningful 
representations of neurons from their gene expression?





What does a linear autoencoder learn? 
 &  

What doesn’t a linear autoencoder learn?



W1
<latexit sha1_base64="BRgLUZ1OcldYkFDGykl1moDxVNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL3LqntXq9Tv8ziKcAKncA4eXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPe1Y2R</latexit>

W2
<latexit sha1_base64="LBznW7jcZe9h19UtH041of4GTJs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ7tf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVb2Lqnt3Wanf53EU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfgWY2S</latexit>

W2W1X
<latexit sha1_base64="3UQTStt+GkdmmHGfEwxVfODGMXk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF49VbFNpQ9hsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5UcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyeZIrRNEp6oboQ15UzStmGG026qKBYRp340vpn5/hNVmiXywUxSGgg8lCxmBBsrPfphA/mhh7phtebW3TnQKvEKUoMCrbD61R8kJBNUGsKx1j3PTU2QY2UY4XRa6WeappiM8ZD2LJVYUB3k84On6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfBzmTaWaoJItFccaRSdDsezRgihLDJ5Zgopi9FZERVpgYm1HFhuAtv7xKOo26d1F37y5rzfsijjKcwCmcgwdX0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/C6qPTQ==</latexit>

L(W1,W2) = ||X �W2W1X||2
<latexit sha1_base64="pwtj8WRl6hzxpy5K998xrXqh/a0=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoqCWpgm6EohsXLirYJtDGMJlO7dDJg5mJUJJ+hBt/xY0LRdy6cOffOGmz0NYDF86ccy937vEiRoU0jG+tMDe/sLhUXC6trK6tb+ibWy0RxhyTJg5ZyG0PCcJoQJqSSkbsiBPke4xY3uAy860HwgUNg1s5jIjjo/uA9ihGUkmuftDxkexjxJLrUcVyzUNoubV9eA7T1IZH2UOVCe00vau5etmoGmPAWWLmpAxyNFz9q9MNceyTQGKGhGibRiSdBHFJMSOjUicWJEJ4gO5JW9EA+UQ4yfioEdxTShf2Qq4qkHCs/p5IkC/E0PdUZ3aCmPYy8T+vHcvemZPQIIolCfBkUS9mUIYwSwh2KSdYsqEiCHOq/gpxH3GEpcqxpEIwp0+eJa1a1TyuGjcn5fpFHkcR7IBdUAEmOAV1cAUaoAkweATP4BW8aU/ai/aufUxaC1o+sw3+QPv8Aa79m2o=</latexit>

learn the
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<latexit sha1_base64="vbtPI0r38s9jzgpg/2d8cyIthGA=">AAACD3icbZC9TsMwFIWd8lfKX4CRJaICMVVJhQRjBQtjkUhTqQmR4962Vh0nsh2kKsobsPAqLAwgxMrKxtvgthmg5cqWPp1zr+x7opRRqWz726isrK6tb1Q3a1vbO7t75v5BRyaZIOCShCWiG2EJjHJwFVUMuqkAHEcMvGh8PfW9BxCSJvxOTVIIYjzkdEAJVloKzVM/430QkcAEci9seqFThLkbjvW59ylXIAhmRWjW7YY9K2sZnBLqqKx2aH75/YRkMXBFGJay59ipCnIsFCUMipqfSUgxGeMh9DRyHIMM8tk+hXWilb41SIS+XFkz9fdEjmMpJ3GkO2OsRnLRm4r/eb1MDS6DnPI0U8DJ/KFBxiyVWNNwrD4VQBSbaMBEUP1Xi4ywzkbHIGs6BGdx5WXoNBuO5tvzeuuqjKOKjtAxOkMOukAtdIPayEUEPaJn9IrejCfjxXg3PuatFaOcOUR/yvj8AaFwnQY=</latexit><latexit sha1_base64="vbtPI0r38s9jzgpg/2d8cyIthGA=">AAACD3icbZC9TsMwFIWd8lfKX4CRJaICMVVJhQRjBQtjkUhTqQmR4962Vh0nsh2kKsobsPAqLAwgxMrKxtvgthmg5cqWPp1zr+x7opRRqWz726isrK6tb1Q3a1vbO7t75v5BRyaZIOCShCWiG2EJjHJwFVUMuqkAHEcMvGh8PfW9BxCSJvxOTVIIYjzkdEAJVloKzVM/430QkcAEci9seqFThLkbjvW59ylXIAhmRWjW7YY9K2sZnBLqqKx2aH75/YRkMXBFGJay59ipCnIsFCUMipqfSUgxGeMh9DRyHIMM8tk+hXWilb41SIS+XFkz9fdEjmMpJ3GkO2OsRnLRm4r/eb1MDS6DnPI0U8DJ/KFBxiyVWNNwrD4VQBSbaMBEUP1Xi4ywzkbHIGs6BGdx5WXoNBuO5tvzeuuqjKOKjtAxOkMOukAtdIPayEUEPaJn9IrejCfjxXg3PuatFaOcOUR/yvj8AaFwnQY=</latexit><latexit sha1_base64="vbtPI0r38s9jzgpg/2d8cyIthGA=">AAACD3icbZC9TsMwFIWd8lfKX4CRJaICMVVJhQRjBQtjkUhTqQmR4962Vh0nsh2kKsobsPAqLAwgxMrKxtvgthmg5cqWPp1zr+x7opRRqWz726isrK6tb1Q3a1vbO7t75v5BRyaZIOCShCWiG2EJjHJwFVUMuqkAHEcMvGh8PfW9BxCSJvxOTVIIYjzkdEAJVloKzVM/430QkcAEci9seqFThLkbjvW59ylXIAhmRWjW7YY9K2sZnBLqqKx2aH75/YRkMXBFGJay59ipCnIsFCUMipqfSUgxGeMh9DRyHIMM8tk+hXWilb41SIS+XFkz9fdEjmMpJ3GkO2OsRnLRm4r/eb1MDS6DnPI0U8DJ/KFBxiyVWNNwrD4VQBSbaMBEUP1Xi4ywzkbHIGs6BGdx5WXoNBuO5tvzeuuqjKOKjtAxOkMOukAtdIPayEUEPaJn9IrejCfjxXg3PuatFaOcOUR/yvj8AaFwnQY=</latexit><latexit sha1_base64="vbtPI0r38s9jzgpg/2d8cyIthGA=">AAACD3icbZC9TsMwFIWd8lfKX4CRJaICMVVJhQRjBQtjkUhTqQmR4962Vh0nsh2kKsobsPAqLAwgxMrKxtvgthmg5cqWPp1zr+x7opRRqWz726isrK6tb1Q3a1vbO7t75v5BRyaZIOCShCWiG2EJjHJwFVUMuqkAHEcMvGh8PfW9BxCSJvxOTVIIYjzkdEAJVloKzVM/430QkcAEci9seqFThLkbjvW59ylXIAhmRWjW7YY9K2sZnBLqqKx2aH75/YRkMXBFGJay59ipCnIsFCUMipqfSUgxGeMh9DRyHIMM8tk+hXWilb41SIS+XFkz9fdEjmMpJ3GkO2OsRnLRm4r/eb1MDS6DnPI0U8DJ/KFBxiyVWNNwrD4VQBSbaMBEUP1Xi4ywzkbHIGs6BGdx5WXoNBuO5tvzeuuqjKOKjtAxOkMOukAtdIPayEUEPaJn9IrejCfjxXg3PuatFaOcOUR/yvj8AaFwnQY=</latexit>

principal subspaceDoes

X = U⌃V |
<latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="P0tw6Paezg45WzbzXd6168V16tk=">AAAB9XicbZDNSgMxFIXv1L9aq45uXLgJFsFVmXGjG0Fw47Ki0xY6Y7mTZtrQTGZIMkIp3fgqblwo4qu4821MfxbaeiDwcU7CzT1xLrg2nvftlNbWNza3ytuVneru3r57UG3qrFCUBTQTmWrHqJngkgWGG8HauWKYxoK14uHNNG89MaV5Jh/MKGdRin3JE07RWKvrHrXJFQnCe95PkTQfQy4NUxRF1615dW8msgr+AmqwUKPrfoW9jBYpk4YK1Lrje7mJxqgMp4JNKmGhWY50iH3WsSgxZToazxaYkFPr9EiSKXukITP394sxplqP0tjeTNEM9HI2Nf/LOoVJLqMxl3lhmKTzQUkhiMnItA3S44pRI0YWkCpu/0roABVS24Ku2BL85ZVXoXle9y3feVCGYziBM/DhAq7hFhoQAIUJvMAbvDvPzqvzMa+r5Cx6O4Q/cj5/AM1tlB8=</latexit><latexit sha1_base64="P0tw6Paezg45WzbzXd6168V16tk=">AAAB9XicbZDNSgMxFIXv1L9aq45uXLgJFsFVmXGjG0Fw47Ki0xY6Y7mTZtrQTGZIMkIp3fgqblwo4qu4821MfxbaeiDwcU7CzT1xLrg2nvftlNbWNza3ytuVneru3r57UG3qrFCUBTQTmWrHqJngkgWGG8HauWKYxoK14uHNNG89MaV5Jh/MKGdRin3JE07RWKvrHrXJFQnCe95PkTQfQy4NUxRF1615dW8msgr+AmqwUKPrfoW9jBYpk4YK1Lrje7mJxqgMp4JNKmGhWY50iH3WsSgxZToazxaYkFPr9EiSKXukITP394sxplqP0tjeTNEM9HI2Nf/LOoVJLqMxl3lhmKTzQUkhiMnItA3S44pRI0YWkCpu/0roABVS24Ku2BL85ZVXoXle9y3feVCGYziBM/DhAq7hFhoQAIUJvMAbvDvPzqvzMa+r5Cx6O4Q/cj5/AM1tlB8=</latexit><latexit sha1_base64="qW54BKi2NXaNKdsW7GHELnwKRVQ=">AAACAHicbZC9TsMwFIVv+C3lr8DAwGJRITFVCQssSBUsjEWQtlITKsd1Wqu2E9kOUhV14VVYGECIlcdg421w2wzQciRLn869V9f3RCln2rjut7O0vLK6tl7aKG9ube/sVvb2mzrJFKE+SXii2hHWlDNJfcMMp+1UUSwiTlvR8HpSbz1SpVki780opaHAfcliRrCxVrdy2EaXyA/uWF9g1HwImDRUEcy7lapbc6dCi+AVUIVCjW7lK+glJBNUGsKx1h3PTU2YY2UY4XRcDjJNU0yGuE87FiUWVIf59IAxOrFOD8WJsk8aNHV/T+RYaD0Ske0U2Az0fG1i/lfrZCa+CHMm08xQSWaL4owjk6BJGqjHFCWGjyxgopj9KyIDrDCxKeiyDcGbP3kRmmc1z/KtW61fFXGU4AiO4RQ8OIc63EADfCAwhmd4hTfnyXlx3p2PWeuSU8wcwB85nz86rJWG</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit>



W2W1X
<latexit sha1_base64="3UQTStt+GkdmmHGfEwxVfODGMXk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF49VbFNpQ9hsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5UcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyeZIrRNEp6oboQ15UzStmGG026qKBYRp340vpn5/hNVmiXywUxSGgg8lCxmBBsrPfphA/mhh7phtebW3TnQKvEKUoMCrbD61R8kJBNUGsKx1j3PTU2QY2UY4XRa6WeappiM8ZD2LJVYUB3k84On6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfBzmTaWaoJItFccaRSdDsezRgihLDJ5Zgopi9FZERVpgYm1HFhuAtv7xKOo26d1F37y5rzfsijjKcwCmcgwdX0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/C6qPTQ==</latexit>

L(W1,W2) = ||X �W2W1X||2
<latexit sha1_base64="pwtj8WRl6hzxpy5K998xrXqh/a0=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoqCWpgm6EohsXLirYJtDGMJlO7dDJg5mJUJJ+hBt/xY0LRdy6cOffOGmz0NYDF86ccy937vEiRoU0jG+tMDe/sLhUXC6trK6tb+ibWy0RxhyTJg5ZyG0PCcJoQJqSSkbsiBPke4xY3uAy860HwgUNg1s5jIjjo/uA9ihGUkmuftDxkexjxJLrUcVyzUNoubV9eA7T1IZH2UOVCe00vau5etmoGmPAWWLmpAxyNFz9q9MNceyTQGKGhGibRiSdBHFJMSOjUicWJEJ4gO5JW9EA+UQ4yfioEdxTShf2Qq4qkHCs/p5IkC/E0PdUZ3aCmPYy8T+vHcvemZPQIIolCfBkUS9mUIYwSwh2KSdYsqEiCHOq/gpxH3GEpcqxpEIwp0+eJa1a1TyuGjcn5fpFHkcR7IBdUAEmOAV1cAUaoAkweATP4BW8aU/ai/aufUxaC1o+sw3+QPv8Aa79m2o=</latexit>

W1
<latexit sha1_base64="BRgLUZ1OcldYkFDGykl1moDxVNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL3LqntXq9Tv8ziKcAKncA4eXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPe1Y2R</latexit>

W2
<latexit sha1_base64="LBznW7jcZe9h19UtH041of4GTJs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ7tf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVb2Lqnt3Wanf53EU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfgWY2S</latexit>

G
<latexit sha1_base64="nn64gIbYk8Z7KJg9YsqalU4IFfI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94FxW3flmu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnJ+MzQ==</latexit>

G-1
<latexit sha1_base64="QnxTPr0JOygZoWh5P3S/G5XQo9I=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4McyooMegBz1GMAskY+jp1CRNeha7a4JhmO/w4kERr36MN//GznLQxAcFj/eqqKrnxVJotO1vK7e0vLK6ll8vbGxube8Ud/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q2ux35jCEqLKLzHUQxuwHqh8AVnaCT35iFtIzxhepI5WadYssv2BHSRODNSIjNUO8WvdjfiSQAhcsm0bjl2jG7KFAouISu0Ew0x4wPWg5ahIQtAu+nk6IweGaVL/UiZCpFO1N8TKQu0HgWe6QwY9vW8Nxb/81oJ+pduKsI4QQj5dJGfSIoRHSdAu0IBRzkyhHElzK2U95liHE1OBROCM//yIqmflp2zsn13XqpczeLIkwNySI6JQy5IhdySKqkRTh7JM3klb9bQerHerY9pa86azeyTP7A+fwC9i5IS</latexit>

W2W1| {z }
UkGG-1U|

k
<latexit sha1_base64="IB5qo4yu9f4J/PTlCXI7vkW61zg=">AAACHXicbZBNS8NAEIY3ftb6VfXoJVgEL0oiBT2KHvRYwTaFJg2b7VSXbjZhdyKWkD/ixb/ixYMiHryI/8btx0FbX1h4eGeG2XmjVHCNjvNtzc0vLC4tl1bKq2vrG5uVre2mTjLFoMESkahWRDUILqGBHAW0UgU0jgR4Uf9iWPfuQWmeyBscpBDE9FbyHmcUjRVWan4mu6AiRRnkXnjshW4R5o2wf3nZyX2EB8wPC7cwRsfnEkExKoqwUnWOnJHsWXAnUCUT1cPKp99NWBaDRCao1m3XSTHIqULOBBRlP9OQUtant9A2KGkMOshH1xX2vnG6di9R5km0R+7viZzGWg/iyHTGFO/0dG1o/ldrZ9g7DXIu0wxBsvGiXiZsTOxhVHaXK2AoBgYoU9z81WZ31CRlYtBlE4I7ffIsNI+PXMPXterZ+SSOEtkle+SAuOSEnJErUicNwsgjeSav5M16sl6sd+tj3DpnTWZ2yB9ZXz+5AaLt</latexit><latexit sha1_base64="IB5qo4yu9f4J/PTlCXI7vkW61zg=">AAACHXicbZBNS8NAEIY3ftb6VfXoJVgEL0oiBT2KHvRYwTaFJg2b7VSXbjZhdyKWkD/ixb/ixYMiHryI/8btx0FbX1h4eGeG2XmjVHCNjvNtzc0vLC4tl1bKq2vrG5uVre2mTjLFoMESkahWRDUILqGBHAW0UgU0jgR4Uf9iWPfuQWmeyBscpBDE9FbyHmcUjRVWan4mu6AiRRnkXnjshW4R5o2wf3nZyX2EB8wPC7cwRsfnEkExKoqwUnWOnJHsWXAnUCUT1cPKp99NWBaDRCao1m3XSTHIqULOBBRlP9OQUtant9A2KGkMOshH1xX2vnG6di9R5km0R+7viZzGWg/iyHTGFO/0dG1o/ldrZ9g7DXIu0wxBsvGiXiZsTOxhVHaXK2AoBgYoU9z81WZ31CRlYtBlE4I7ffIsNI+PXMPXterZ+SSOEtkle+SAuOSEnJErUicNwsgjeSav5M16sl6sd+tj3DpnTWZ2yB9ZXz+5AaLt</latexit><latexit sha1_base64="IB5qo4yu9f4J/PTlCXI7vkW61zg=">AAACHXicbZBNS8NAEIY3ftb6VfXoJVgEL0oiBT2KHvRYwTaFJg2b7VSXbjZhdyKWkD/ixb/ixYMiHryI/8btx0FbX1h4eGeG2XmjVHCNjvNtzc0vLC4tl1bKq2vrG5uVre2mTjLFoMESkahWRDUILqGBHAW0UgU0jgR4Uf9iWPfuQWmeyBscpBDE9FbyHmcUjRVWan4mu6AiRRnkXnjshW4R5o2wf3nZyX2EB8wPC7cwRsfnEkExKoqwUnWOnJHsWXAnUCUT1cPKp99NWBaDRCao1m3XSTHIqULOBBRlP9OQUtant9A2KGkMOshH1xX2vnG6di9R5km0R+7viZzGWg/iyHTGFO/0dG1o/ldrZ9g7DXIu0wxBsvGiXiZsTOxhVHaXK2AoBgYoU9z81WZ31CRlYtBlE4I7ffIsNI+PXMPXterZ+SSOEtkle+SAuOSEnJErUicNwsgjeSav5M16sl6sd+tj3DpnTWZ2yB9ZXz+5AaLt</latexit><latexit sha1_base64="IB5qo4yu9f4J/PTlCXI7vkW61zg=">AAACHXicbZBNS8NAEIY3ftb6VfXoJVgEL0oiBT2KHvRYwTaFJg2b7VSXbjZhdyKWkD/ixb/ixYMiHryI/8btx0FbX1h4eGeG2XmjVHCNjvNtzc0vLC4tl1bKq2vrG5uVre2mTjLFoMESkahWRDUILqGBHAW0UgU0jgR4Uf9iWPfuQWmeyBscpBDE9FbyHmcUjRVWan4mu6AiRRnkXnjshW4R5o2wf3nZyX2EB8wPC7cwRsfnEkExKoqwUnWOnJHsWXAnUCUT1cPKp99NWBaDRCao1m3XSTHIqULOBBRlP9OQUtant9A2KGkMOshH1xX2vnG6di9R5km0R+7viZzGWg/iyHTGFO/0dG1o/ldrZ9g7DXIu0wxBsvGiXiZsTOxhVHaXK2AoBgYoU9z81WZ31CRlYtBlE4I7ffIsNI+PXMPXterZ+SSOEtkle+SAuOSEnJErUicNwsgjeSav5M16sl6sd+tj3DpnTWZ2yB9ZXz+5AaLt</latexit>

principal directions or eigenvaluesDoesn’t learn the

X = U⌃V |
<latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="P0tw6Paezg45WzbzXd6168V16tk=">AAAB9XicbZDNSgMxFIXv1L9aq45uXLgJFsFVmXGjG0Fw47Ki0xY6Y7mTZtrQTGZIMkIp3fgqblwo4qu4821MfxbaeiDwcU7CzT1xLrg2nvftlNbWNza3ytuVneru3r57UG3qrFCUBTQTmWrHqJngkgWGG8HauWKYxoK14uHNNG89MaV5Jh/MKGdRin3JE07RWKvrHrXJFQnCe95PkTQfQy4NUxRF1615dW8msgr+AmqwUKPrfoW9jBYpk4YK1Lrje7mJxqgMp4JNKmGhWY50iH3WsSgxZToazxaYkFPr9EiSKXukITP394sxplqP0tjeTNEM9HI2Nf/LOoVJLqMxl3lhmKTzQUkhiMnItA3S44pRI0YWkCpu/0roABVS24Ku2BL85ZVXoXle9y3feVCGYziBM/DhAq7hFhoQAIUJvMAbvDvPzqvzMa+r5Cx6O4Q/cj5/AM1tlB8=</latexit><latexit sha1_base64="P0tw6Paezg45WzbzXd6168V16tk=">AAAB9XicbZDNSgMxFIXv1L9aq45uXLgJFsFVmXGjG0Fw47Ki0xY6Y7mTZtrQTGZIMkIp3fgqblwo4qu4821MfxbaeiDwcU7CzT1xLrg2nvftlNbWNza3ytuVneru3r57UG3qrFCUBTQTmWrHqJngkgWGG8HauWKYxoK14uHNNG89MaV5Jh/MKGdRin3JE07RWKvrHrXJFQnCe95PkTQfQy4NUxRF1615dW8msgr+AmqwUKPrfoW9jBYpk4YK1Lrje7mJxqgMp4JNKmGhWY50iH3WsSgxZToazxaYkFPr9EiSKXukITP394sxplqP0tjeTNEM9HI2Nf/LOoVJLqMxl3lhmKTzQUkhiMnItA3S44pRI0YWkCpu/0roABVS24Ku2BL85ZVXoXle9y3feVCGYziBM/DhAq7hFhoQAIUJvMAbvDvPzqvzMa+r5Cx6O4Q/cj5/AM1tlB8=</latexit><latexit sha1_base64="qW54BKi2NXaNKdsW7GHELnwKRVQ=">AAACAHicbZC9TsMwFIVv+C3lr8DAwGJRITFVCQssSBUsjEWQtlITKsd1Wqu2E9kOUhV14VVYGECIlcdg421w2wzQciRLn869V9f3RCln2rjut7O0vLK6tl7aKG9ube/sVvb2mzrJFKE+SXii2hHWlDNJfcMMp+1UUSwiTlvR8HpSbz1SpVki780opaHAfcliRrCxVrdy2EaXyA/uWF9g1HwImDRUEcy7lapbc6dCi+AVUIVCjW7lK+glJBNUGsKx1h3PTU2YY2UY4XRcDjJNU0yGuE87FiUWVIf59IAxOrFOD8WJsk8aNHV/T+RYaD0Ske0U2Az0fG1i/lfrZCa+CHMm08xQSWaL4owjk6BJGqjHFCWGjyxgopj9KyIDrDCxKeiyDcGbP3kRmmc1z/KtW61fFXGU4AiO4RQ8OIc63EADfCAwhmd4hTfnyXlx3p2PWeuSU8wcwB85nz86rJWG</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit><latexit sha1_base64="WfDoUOmRymHSEzDsd5v+pRL3ftM=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUTQjVB047KiaQtNLJPppB06mYSZiVBCN76KGxeKuPUx3Pk2TtsstPXAwMe593LnnjDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6xopwJ6mmmOW2nkuI45LQVDq8n9dYjlYol4l6PUhrEuC9YxAjWxuraB210iTz/jvVjjJoPPhOaSoJ51646NWcqtAhuAVUo1OjaX34vIVlMhSYcK9VxnVQHOZaaEU7HFT9TNMVkiPu0Y1DgmKognx4wRsfG6aEokeYJjabu74kcx0qN4tB0xlgP1HxtYv5X62Q6ughyJtJMU0Fmi6KMI52gSRqoxyQlmo8MYCKZ+SsiAywxMSmoignBnT95EZqnNdfw7Vm1flXEUYZDOIITcOEc6nADDfCAwBie4RXerCfrxXq3PmatJauY2Yc/sj5/ADvslYo=</latexit>



Elad Plaut, 2018, From Principal Subspaces to Principal Components with Linear Autoencoders

Principal Directions of X Left Singular Vectors of W2



L(W1,W2) = ||X �W2W1X||2F
<latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit><latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit><latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit><latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit>

L�(W1,W2) = L(W1,W2) + �(||W1||2F + ||W2||2F )
<latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit><latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit><latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit><latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit>

Adding Regularization



Regularization and Orthogonality

min
A

||A||2F s.t. |det(A)| = 1
<latexit sha1_base64="HL5oL6BRY6NwdUxqUQwKmraV9tE=">AAACInicbVBNSwMxEM3W7/pV9eglWAS9lN0iqAehVRCPClYLbV2yaaqhSXZJZoWyu7/Fi3/FiwdFPQn+GLNtD1p9IfB4b4aZeUEkuAHX/XQKU9Mzs3PzC8XFpeWV1dLa+pUJY01Zg4Yi1M2AGCa4Yg3gIFgz0ozIQLDroH+S+9f3TBseqksYRKwjya3iPU4JWMkvHbYlV35Sz3Ca1tPUP72p4vboSQJ3WibYVKCCs6GWdhns1HdTfIQ9v1R2K+4Q+C/xxqSMxjj3S+/tbkhjyRRQQYxpeW4EnYRo4FSwrNiODYsI7ZNb1rJUEclMJxmemOFtq3RxL9T2K8BD9WdHQqQxAxnYynxvM+nl4n9eK4beQSfhKoqBKToa1IsFhhDneeEu14yCGFhCqOZ2V0zviCYUbKpFG4I3efJfclWteJZf7JVrx+M45tEm2kI7yEP7qIbO0DlqIIoe0BN6Qa/Oo/PsvDkfo9KCM+7ZQL/gfH0DmIehJA==</latexit><latexit sha1_base64="HL5oL6BRY6NwdUxqUQwKmraV9tE=">AAACInicbVBNSwMxEM3W7/pV9eglWAS9lN0iqAehVRCPClYLbV2yaaqhSXZJZoWyu7/Fi3/FiwdFPQn+GLNtD1p9IfB4b4aZeUEkuAHX/XQKU9Mzs3PzC8XFpeWV1dLa+pUJY01Zg4Yi1M2AGCa4Yg3gIFgz0ozIQLDroH+S+9f3TBseqksYRKwjya3iPU4JWMkvHbYlV35Sz3Ca1tPUP72p4vboSQJ3WibYVKCCs6GWdhns1HdTfIQ9v1R2K+4Q+C/xxqSMxjj3S+/tbkhjyRRQQYxpeW4EnYRo4FSwrNiODYsI7ZNb1rJUEclMJxmemOFtq3RxL9T2K8BD9WdHQqQxAxnYynxvM+nl4n9eK4beQSfhKoqBKToa1IsFhhDneeEu14yCGFhCqOZ2V0zviCYUbKpFG4I3efJfclWteJZf7JVrx+M45tEm2kI7yEP7qIbO0DlqIIoe0BN6Qa/Oo/PsvDkfo9KCM+7ZQL/gfH0DmIehJA==</latexit><latexit sha1_base64="HL5oL6BRY6NwdUxqUQwKmraV9tE=">AAACInicbVBNSwMxEM3W7/pV9eglWAS9lN0iqAehVRCPClYLbV2yaaqhSXZJZoWyu7/Fi3/FiwdFPQn+GLNtD1p9IfB4b4aZeUEkuAHX/XQKU9Mzs3PzC8XFpeWV1dLa+pUJY01Zg4Yi1M2AGCa4Yg3gIFgz0ozIQLDroH+S+9f3TBseqksYRKwjya3iPU4JWMkvHbYlV35Sz3Ca1tPUP72p4vboSQJ3WibYVKCCs6GWdhns1HdTfIQ9v1R2K+4Q+C/xxqSMxjj3S+/tbkhjyRRQQYxpeW4EnYRo4FSwrNiODYsI7ZNb1rJUEclMJxmemOFtq3RxL9T2K8BD9WdHQqQxAxnYynxvM+nl4n9eK4beQSfhKoqBKToa1IsFhhDneeEu14yCGFhCqOZ2V0zviCYUbKpFG4I3efJfclWteJZf7JVrx+M45tEm2kI7yEP7qIbO0DlqIIoe0BN6Qa/Oo/PsvDkfo9KCM+7ZQL/gfH0DmIehJA==</latexit><latexit sha1_base64="HL5oL6BRY6NwdUxqUQwKmraV9tE=">AAACInicbVBNSwMxEM3W7/pV9eglWAS9lN0iqAehVRCPClYLbV2yaaqhSXZJZoWyu7/Fi3/FiwdFPQn+GLNtD1p9IfB4b4aZeUEkuAHX/XQKU9Mzs3PzC8XFpeWV1dLa+pUJY01Zg4Yi1M2AGCa4Yg3gIFgz0ozIQLDroH+S+9f3TBseqksYRKwjya3iPU4JWMkvHbYlV35Sz3Ca1tPUP72p4vboSQJ3WibYVKCCs6GWdhns1HdTfIQ9v1R2K+4Q+C/xxqSMxjj3S+/tbkhjyRRQQYxpeW4EnYRo4FSwrNiODYsI7ZNb1rJUEclMJxmemOFtq3RxL9T2K8BD9WdHQqQxAxnYynxvM+nl4n9eK4beQSfhKoqBKToa1IsFhhDneeEu14yCGFhCqOZ2V0zviCYUbKpFG4I3efJfclWteJZf7JVrx+M45tEm2kI7yEP7qIbO0DlqIIoe0BN6Qa/Oo/PsvDkfo9KCM+7ZQL/gfH0DmIehJA==</latexit>

det(A)2 = 1
<latexit sha1_base64="cBr9h7kFU3JxJ2wfEYtzxN5ahh8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahXkpSBb0IFS8eK/QL2lg2m027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmnhcLrsG2v63c2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGIZoJL1gQOgnVixUjoCdb2Rnczvz1mSvNINmASMzckA8kDTgkYye35DMq3549VfIOdfrFkV+w58CpxMlJCGer94lfPj2gSMglUEK27jh2DmxIFnAo2LfQSzWJCR2TAuoZKEjLtpvOjp/jMKD4OImVKAp6rvydSEmo9CT3TGRIY6mVvJv7ndRMIrt2UyzgBJuliUZAIDBGeJYB9rhgFMTGEUMXNrZgOiSIUTE4FE4Kz/PIqaVUrzkXFfrgs1RpZHHl0gk5RGTnoCtXQPaqjJqLoCT2jV/Rmja0X6936WLTmrGzmGP2B9fkDNWWQeQ==</latexit>

min
A,B

||A||2F + ||B||2F s.t. AB = I
<latexit sha1_base64="nQoJ7AkEz386srw1gzSSLS9PFWs="></latexit><latexit sha1_base64="nQoJ7AkEz386srw1gzSSLS9PFWs="></latexit><latexit sha1_base64="nQoJ7AkEz386srw1gzSSLS9PFWs="></latexit><latexit sha1_base64="nQoJ7AkEz386srw1gzSSLS9PFWs="></latexit>

2. Orthogonal matrices are the inverse matrices of minimal Frobenius norm.

1. Orthogonal matrices are the volume-preserving matrices of minimal Frobenius norm.

A = B|
<latexit sha1_base64="Tm2f5wZ/3RgvmnMjtjCh55zbbT4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCnoRol48RjAPSNYwO+kkQ2Znl5lZIS75Ei8eFPHqp3jzb5w8DhotaCiquunuChPBtfG8Lye3tLyyupZfL2xsbm0X3Z3duo5TxbDGYhGrZkg1Ci6xZrgR2EwU0igU2AiH1xO/8YBK81jemVGCQUT7kvc4o8ZKHbd4SS7I1X2bS4OKUdFxS17Zm4L8Jf6clGCOasf9bHdjlkYoDRNU65bvJSbIqDKcCRwX2qnGhLIh7WPLUkkj1EE2PXxMDq3SJb1Y2ZKGTNWfExmNtB5Foe2MqBnoRW8i/ue1UtM7DzIuk9SgZLNFvVQQE5NJCqTLFTIjRpZQpri9lbABVZTZFHTBhuAvvvyX1I/L/knZuz0tVarzOPKwDwdwBD6cQQVuoAo1YJDCE7zAq/PoPDtvzvusNefMZ/bgF5yPb3bWkl0=</latexit>

In particular              at all minima.



w1
<latexit sha1_base64="lalMcsa7rzWFo5/oi/y51gSUb7A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8eK/YI2lM120i7dbMLuRimhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2IyrNY9kwkwT9iA4lDzmjxkoPT32vX664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1W3furSq2Rx1GEEziFc/DgGmpwB3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHxA+jbM=</latexit>

w2
<latexit sha1_base64="LskXFX7+MX1foRVtGRB8hmBQwDQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rFiv6ANZbOdtEs3m7C7UUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYxvZ377EZXmsWyYSYJ+RIeSh5xRY6WHp361Xyq7FXcOskq8nJQhR71f+uoNYpZGKA0TVOuu5ybGz6gynAmcFnupxoSyMR1i11JJI9R+Nj91Ss6tMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2hC85ZdXSata8S4r7v1VudbI4yjAKZzBBXhwDTW4gzo0gcEQnuEV3hzhvDjvzseidc3JZ07gD5zPHxHCjbQ=</latexit>

Scalar Case

L(w1, w2) = (x� w2w1x)
2

<latexit sha1_base64="DtDgtl6laPZzSMVGJnvZwm12KUc=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQctMFXQjFNy4cFGhL2jHIZOmbWgmMyQZ2zL0G9z4K25cKOLWlTv/xkw7C60euHA4516Sc7yQUaks68vILC2vrK5l13Mbm1vbO+buXkMGkcCkjgMWiJaHJGGUk7qiipFWKAjyPUaa3vAq8Zv3REga8JqahMTxUZ/THsVIack1ix0fqQFGLL6ZFkaufQxHbrkIL2FhDE8SrseG4+Jd2TXzVsmaAf4ldkryIEXVNT873QBHPuEKMyRl27ZC5cRIKIoZmeY6kSQhwkPUJ21NOfKJdOJZpCk80koX9gKhhys4U39exMiXcuJ7ejMJIBe9RPzPa0eqd+HElIeRIhzPH+pFDKoAJv3ALhUEKzbRBGFB9V8hHiCBsNIt5nQJ9mLkv6RRLtmnJev2LF+ppXVkwQE4BAVgg3NQAdegCuoAgwfwBF7Aq/FoPBtvxvt8NWOkN/vgF4yPbwAUmok=</latexit>

(
w1 = w2 = 0

w2w1 = 1
<latexit sha1_base64="REPn1cUvRpfWQSZdvHzU4eW3gGA=">AAACG3icbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/C0IvHCe4F1lLS7NkWlqYlSR2j7Ht48at48aCIJ8GD38Z060E3H0j48X9ekucfJpwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKCk0a81h2QqKAMwFNzTSHTiKBRCGHdji6yfPtB5CKxeJeTxLwIzIQrM8o0UYK7JoXwoCJjJoZajoOXHyFx0HN3I7n5TSXXA9ErygK7IpTdWaBl8EtoIKKaAT2p9eLaRqB0JQTpbquk2g/I1IzymFa9lIFCaEjMoCuQUEiUH42222KT43Sw/1YmiM0nqm/OzISKTWJQlMZET1Ui7lc/C/XTXX/0s+YSFINgs4f6qcc6xjnRuEek0A1nxggVDLzV0yHRBKqjZ1lY4K7uPIytGpV1/DdeaV+XdhRQsfoBJ0hF12gOrpFDdREFD2iZ/SK3qwn68V6tz7mpStW0XOE/oT19QPi/J9v</latexit><latexit sha1_base64="REPn1cUvRpfWQSZdvHzU4eW3gGA=">AAACG3icbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/C0IvHCe4F1lLS7NkWlqYlSR2j7Ht48at48aCIJ8GD38Z060E3H0j48X9ekucfJpwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKCk0a81h2QqKAMwFNzTSHTiKBRCGHdji6yfPtB5CKxeJeTxLwIzIQrM8o0UYK7JoXwoCJjJoZajoOXHyFx0HN3I7n5TSXXA9ErygK7IpTdWaBl8EtoIKKaAT2p9eLaRqB0JQTpbquk2g/I1IzymFa9lIFCaEjMoCuQUEiUH42222KT43Sw/1YmiM0nqm/OzISKTWJQlMZET1Ui7lc/C/XTXX/0s+YSFINgs4f6qcc6xjnRuEek0A1nxggVDLzV0yHRBKqjZ1lY4K7uPIytGpV1/DdeaV+XdhRQsfoBJ0hF12gOrpFDdREFD2iZ/SK3qwn68V6tz7mpStW0XOE/oT19QPi/J9v</latexit><latexit sha1_base64="REPn1cUvRpfWQSZdvHzU4eW3gGA=">AAACG3icbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/C0IvHCe4F1lLS7NkWlqYlSR2j7Ht48at48aCIJ8GD38Z060E3H0j48X9ekucfJpwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKCk0a81h2QqKAMwFNzTSHTiKBRCGHdji6yfPtB5CKxeJeTxLwIzIQrM8o0UYK7JoXwoCJjJoZajoOXHyFx0HN3I7n5TSXXA9ErygK7IpTdWaBl8EtoIKKaAT2p9eLaRqB0JQTpbquk2g/I1IzymFa9lIFCaEjMoCuQUEiUH42222KT43Sw/1YmiM0nqm/OzISKTWJQlMZET1Ui7lc/C/XTXX/0s+YSFINgs4f6qcc6xjnRuEek0A1nxggVDLzV0yHRBKqjZ1lY4K7uPIytGpV1/DdeaV+XdhRQsfoBJ0hF12gOrpFDdREFD2iZ/SK3qwn68V6tz7mpStW0XOE/oT19QPi/J9v</latexit><latexit sha1_base64="REPn1cUvRpfWQSZdvHzU4eW3gGA=">AAACG3icbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/C0IvHCe4F1lLS7NkWlqYlSR2j7Ht48at48aCIJ8GD38Z060E3H0j48X9ekucfJpwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKCk0a81h2QqKAMwFNzTSHTiKBRCGHdji6yfPtB5CKxeJeTxLwIzIQrM8o0UYK7JoXwoCJjJoZajoOXHyFx0HN3I7n5TSXXA9ErygK7IpTdWaBl8EtoIKKaAT2p9eLaRqB0JQTpbquk2g/I1IzymFa9lIFCaEjMoCuQUEiUH42222KT43Sw/1YmiM0nqm/OzISKTWJQlMZET1Ui7lc/C/XTXX/0s+YSFINgs4f6qcc6xjnRuEek0A1nxggVDLzV0yHRBKqjZ1lY4K7uPIytGpV1/DdeaV+XdhRQsfoBJ0hF12gOrpFDdREFD2iZ/SK3qwn68V6tz7mpStW0XOE/oT19QPi/J9v</latexit>

Critical points

L�(w1, w2) = (x� w2w1x)
2 + �(w2

1 + w2
2)

<latexit sha1_base64="7s/1dTmzCP+97oGahZMDfkLE20E="></latexit>

8
><

>:

w1 = w2 = 0

w2w1 = (1� �x�2)

w1 = w2
<latexit sha1_base64="WVV5TqcAyLuYaPuyjaxpgXOmDzM="></latexit><latexit sha1_base64="WVV5TqcAyLuYaPuyjaxpgXOmDzM="></latexit><latexit sha1_base64="WVV5TqcAyLuYaPuyjaxpgXOmDzM="></latexit><latexit sha1_base64="WVV5TqcAyLuYaPuyjaxpgXOmDzM="></latexit>

Critical points



� = 0
<latexit sha1_base64="t7zciWR22fSjM+f+MIUqPa5byPU=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHuoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnuUPl7XGbVFHGU7gFM7BgytowD00oQUMEniGV3hz0Hlx3p2PRbTkFDPH8AfO5w/ixJBS</latexit><latexit sha1_base64="t7zciWR22fSjM+f+MIUqPa5byPU=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHuoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnuUPl7XGbVFHGU7gFM7BgytowD00oQUMEniGV3hz0Hlx3p2PRbTkFDPH8AfO5w/ixJBS</latexit><latexit sha1_base64="t7zciWR22fSjM+f+MIUqPa5byPU=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHuoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnuUPl7XGbVFHGU7gFM7BgytowD00oQUMEniGV3hz0Hlx3p2PRbTkFDPH8AfO5w/ixJBS</latexit><latexit sha1_base64="t7zciWR22fSjM+f+MIUqPa5byPU=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHuoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnuUPl7XGbVFHGU7gFM7BgytowD00oQUMEniGV3hz0Hlx3p2PRbTkFDPH8AfO5w/ixJBS</latexit>



x2 > � > 0
<latexit sha1_base64="8+jDYo3F7a3yRP4Y8HUBHX1E+S4=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhKim5cVrAXaGOZTCbt0MkkzEzUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzO8nnCntON9WYWV1bX2juFna2t7Z3bPL+y0Vp5LQJol5LDs+VpQzQZuaaU47iaQ48jlt+6Orab19T6VisbjV44R6ER4IFjKCtbH6dvnxroYuUI+bkQAbcvp2xak6M6FlcHOoQK5G3/7qBTFJIyo04Viprusk2suw1IxwOin1UkUTTEZ4QLsGBY6o8rLZ6RN0bJwAhbE0T2g0c39PZDhSahz5pjPCeqgWa1Pzv1o31eG5lzGRpJoKMl8UphzpGE1zQAGTlGg+NoCJZOZWRIZYYqJNWiUTgrv45WVo1aqu4ZvTSv0yj6MIh3AEJ+DCGdThGhrQBAIP8Ayv8GY9WS/Wu/Uxby1Y+cwB/JH1+QOfJZJG</latexit><latexit sha1_base64="8+jDYo3F7a3yRP4Y8HUBHX1E+S4=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhKim5cVrAXaGOZTCbt0MkkzEzUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzO8nnCntON9WYWV1bX2juFna2t7Z3bPL+y0Vp5LQJol5LDs+VpQzQZuaaU47iaQ48jlt+6Orab19T6VisbjV44R6ER4IFjKCtbH6dvnxroYuUI+bkQAbcvp2xak6M6FlcHOoQK5G3/7qBTFJIyo04Viprusk2suw1IxwOin1UkUTTEZ4QLsGBY6o8rLZ6RN0bJwAhbE0T2g0c39PZDhSahz5pjPCeqgWa1Pzv1o31eG5lzGRpJoKMl8UphzpGE1zQAGTlGg+NoCJZOZWRIZYYqJNWiUTgrv45WVo1aqu4ZvTSv0yj6MIh3AEJ+DCGdThGhrQBAIP8Ayv8GY9WS/Wu/Uxby1Y+cwB/JH1+QOfJZJG</latexit><latexit sha1_base64="8+jDYo3F7a3yRP4Y8HUBHX1E+S4=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhKim5cVrAXaGOZTCbt0MkkzEzUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzO8nnCntON9WYWV1bX2juFna2t7Z3bPL+y0Vp5LQJol5LDs+VpQzQZuaaU47iaQ48jlt+6Orab19T6VisbjV44R6ER4IFjKCtbH6dvnxroYuUI+bkQAbcvp2xak6M6FlcHOoQK5G3/7qBTFJIyo04Viprusk2suw1IxwOin1UkUTTEZ4QLsGBY6o8rLZ6RN0bJwAhbE0T2g0c39PZDhSahz5pjPCeqgWa1Pzv1o31eG5lzGRpJoKMl8UphzpGE1zQAGTlGg+NoCJZOZWRIZYYqJNWiUTgrv45WVo1aqu4ZvTSv0yj6MIh3AEJ+DCGdThGhrQBAIP8Ayv8GY9WS/Wu/Uxby1Y+cwB/JH1+QOfJZJG</latexit><latexit sha1_base64="8+jDYo3F7a3yRP4Y8HUBHX1E+S4=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhKim5cVrAXaGOZTCbt0MkkzEzUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzO8nnCntON9WYWV1bX2juFna2t7Z3bPL+y0Vp5LQJol5LDs+VpQzQZuaaU47iaQ48jlt+6Orab19T6VisbjV44R6ER4IFjKCtbH6dvnxroYuUI+bkQAbcvp2xak6M6FlcHOoQK5G3/7qBTFJIyo04Viprusk2suw1IxwOin1UkUTTEZ4QLsGBY6o8rLZ6RN0bJwAhbE0T2g0c39PZDhSahz5pjPCeqgWa1Pzv1o31eG5lzGRpJoKMl8UphzpGE1zQAGTlGg+NoCJZOZWRIZYYqJNWiUTgrv45WVo1aqu4ZvTSv0yj6MIh3AEJ+DCGdThGhrQBAIP8Ayv8GY9WS/Wu/Uxby1Y+cwB/JH1+QOfJZJG</latexit>



� > x2
<latexit sha1_base64="JaWUrngAM1K/kkBuFchNpKD+910=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykwRdCVFNy4r2Ae0Y8lkMm1oJjMmmWIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm+OnwiujeN8o5XVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSq7RPNBJesYbgRrJ0oRiJfsJY/vJn6rRFTmsfy3owT5kWkL3nIKTFW8rrCRgOCr/DTQ7VXKjsVZwa8TNyclCFHvVf66gYxTSMmDRVE647rJMbLiDKcCjYpdlPNEkKHpM86lkoSMe1ls6Mn+NQqAQ5jZZ80eKb+nshIpPU48m0yImagF72p+J/XSU146WVcJqlhks4XhanAJsbTBnDAFaNGjC0hVHF7K6YDogg1tqeiLcFd/PIyaVYrruV35+XadV5HAY7hBM7AhQuowS3UoQEUHuEZXuENjdALekcf8+gKymeO4A/Q5w99fpE/</latexit><latexit sha1_base64="JaWUrngAM1K/kkBuFchNpKD+910=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykwRdCVFNy4r2Ae0Y8lkMm1oJjMmmWIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm+OnwiujeN8o5XVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSq7RPNBJesYbgRrJ0oRiJfsJY/vJn6rRFTmsfy3owT5kWkL3nIKTFW8rrCRgOCr/DTQ7VXKjsVZwa8TNyclCFHvVf66gYxTSMmDRVE647rJMbLiDKcCjYpdlPNEkKHpM86lkoSMe1ls6Mn+NQqAQ5jZZ80eKb+nshIpPU48m0yImagF72p+J/XSU146WVcJqlhks4XhanAJsbTBnDAFaNGjC0hVHF7K6YDogg1tqeiLcFd/PIyaVYrruV35+XadV5HAY7hBM7AhQuowS3UoQEUHuEZXuENjdALekcf8+gKymeO4A/Q5w99fpE/</latexit><latexit sha1_base64="JaWUrngAM1K/kkBuFchNpKD+910=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykwRdCVFNy4r2Ae0Y8lkMm1oJjMmmWIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm+OnwiujeN8o5XVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSq7RPNBJesYbgRrJ0oRiJfsJY/vJn6rRFTmsfy3owT5kWkL3nIKTFW8rrCRgOCr/DTQ7VXKjsVZwa8TNyclCFHvVf66gYxTSMmDRVE647rJMbLiDKcCjYpdlPNEkKHpM86lkoSMe1ls6Mn+NQqAQ5jZZ80eKb+nshIpPU48m0yImagF72p+J/XSU146WVcJqlhks4XhanAJsbTBnDAFaNGjC0hVHF7K6YDogg1tqeiLcFd/PIyaVYrruV35+XadV5HAY7hBM7AhQuowS3UoQEUHuEZXuENjdALekcf8+gKymeO4A/Q5w99fpE/</latexit><latexit sha1_base64="JaWUrngAM1K/kkBuFchNpKD+910=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykwRdCVFNy4r2Ae0Y8lkMm1oJjMmmWIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm+OnwiujeN8o5XVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSq7RPNBJesYbgRrJ0oRiJfsJY/vJn6rRFTmsfy3owT5kWkL3nIKTFW8rrCRgOCr/DTQ7VXKjsVZwa8TNyclCFHvVf66gYxTSMmDRVE647rJMbLiDKcCjYpdlPNEkKHpM86lkoSMe1ls6Mn+NQqAQ5jZZ80eKb+nshIpPU48m0yImagF72p+J/XSU146WVcJqlhks4XhanAJsbTBnDAFaNGjC0hVHF7K6YDogg1tqeiLcFd/PIyaVYrruV35+XadV5HAY7hBM7AhQuowS3UoQEUHuEZXuENjdALekcf8+gKymeO4A/Q5w99fpE/</latexit>



danielkunin.github.io/Regularized-Linear-Autoencoders



L(W1,W2) = ||X �W2W1X||2F
<latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit><latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit><latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit><latexit sha1_base64="YkHOsrDGI8cZXLoystegRa0t+38=">AAACE3icbVDNS8MwHE3n15xfVY9egkOYotIOQS/CUBAPHia4tbDVkmbZFpZ+kKTCaPc/ePFf8eJBEa9evPnfmG496OaDwMt7vx/Je17EqJCG8a0V5uYXFpeKy6WV1bX1DX1zqynCmGPSwCELue0hQRgNSENSyYgdcYJ8jxHLG1xmvvVAuKBhcCeHEXF81Atol2IkleTqB20fyT5GLLkZVSzXPLTc6j48h2lqwyOoLkqz09S9uq+6etk4NsaAs8TMSRnkqLv6V7sT4tgngcQMCdEyjUg6CeKSYkZGpXYsSITwAPVIS9EA+UQ4yTjTCO4ppQO7IVcnkHCs/t5IkC/E0PfUZJZATHuZ+J/XimX3zEloEMWSBHjyUDdmUIYwKwh2KCdYsqEiCHOq/gpxH3GEpaqxpEowpyPPkmb12FT89qRcu8jrKIIdsAsqwASnoAauQR00AAaP4Bm8gjftSXvR3rWPyWhBy3e2wR9onz/sD5uj</latexit>

L�(W1,W2) = L(W1,W2) + �(||W1||2F + ||W2||2F )
<latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit><latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit><latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit><latexit sha1_base64="EmtWlUhwqCGwucqDV7CpFygHClc="></latexit>

Loss Functions

Sum Regularized:

L⇡(W1,W2) = L(W1,W2) + �||W2W1||2F
<latexit sha1_base64="9kEgX0YhGcBkkgk4sWwdsMzL+q0="></latexit><latexit sha1_base64="9kEgX0YhGcBkkgk4sWwdsMzL+q0="></latexit><latexit sha1_base64="9kEgX0YhGcBkkgk4sWwdsMzL+q0="></latexit><latexit sha1_base64="9kEgX0YhGcBkkgk4sWwdsMzL+q0="></latexit>

Product Regularized:

Unregularized:



The critical landscape is diffeomorphic to the space of pairs              or              with 

•                                of size                    , 

•                     with independent columns, 

•                     with orthonormal columns. 

(I, G)
<latexit sha1_base64="5HbhMb5/aChRSJiz/jCEc/8YtYk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBV0WXKi7CvYBbSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuFtfWNza3idmlnd2//wD48aqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfntCpWKReNLTmHohHgoWMIK1kfq2XemFWI8I5unD7ALdnfftslN15kCrxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip7NSL1E0xmSMh7RrqMAhVV46Tz5DZ0YZoCCS5gmN5urvjRSHSk1D30xmMdWyl4n/ed1EBzdeykScaCrI4lCQcKQjlNWABkxSovnUEEwkM1kRGWGJiTZllUwJ7vKXV0mrVnUvq87jVbneyOsowgmcQgVcuIY63EMDmkBgAs/wCm9War1Y79bHYrRg5TvH8AfW5w8hEpK2</latexit>

(I, O)
<latexit sha1_base64="G8QW6V0HikAh+F3ucPxelylLh1M=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBV0W3OjKCvYBbSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuFtfWNza3idmlnd2//wD48aqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfntCpWKReNLTmHohHgoWMIK1kfq2XemFWI8I5un97AI9nPftslN15kCrxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip7NSL1E0xmSMh7RrqMAhVV46Tz5DZ0YZoCCS5gmN5urvjRSHSk1D30xmMdWyl4n/ed1EBzdeykScaCrI4lCQcKQjlNWABkxSovnUEEwkM1kRGWGJiTZllUwJ7vKXV0mrVnUvq87jVbneyOsowgmcQgVcuIY63EEDmkBgAs/wCm9War1Y79bHYrRg5TvH8AfW5w8tOpK+</latexit>

I ⇢ {1, . . . ,m}
<latexit sha1_base64="ONh0lIETZOOXKlZr96ombUnEJrU=">AAACDXicbVDLSsNAFJ34rPUVdelmsAouSklU0GXBje4q2Ac0oUwmk3bo5MHMjVBCfsCNv+LGhSJu3bvzb5y0WWjrgQuHc+7l3nu8RHAFlvVtLC2vrK6tVzaqm1vbO7vm3n5HxamkrE1jEcueRxQTPGJt4CBYL5GMhJ5gXW98XfjdByYVj6N7mCTMDckw4gGnBLQ0MI+dkMCIEpHd5thRqacYYCez69gRfgyqjkMnH5g1q2FNgReJXZIaKtEamF+OH9M0ZBFQQZTq21YCbkYkcCpYXnVSxRJCx2TI+ppGJGTKzabf5PhEKz4OYqkrAjxVf09kJFRqEnq6s7hdzXuF+J/XTyG4cjMeJSmwiM4WBanAEOMiGuxzySiIiSaESq5vxXREJKGgA6zqEOz5lxdJ56xhnzesu4tas1XGUUGH6AidIhtdoia6QS3URhQ9omf0it6MJ+PFeDc+Zq1LRjlzgP7A+PwBes6bNA==</latexit>

0  l  k
<latexit sha1_base64="lq9wpXSJkTHOyU4yttir62nO5tI=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInsquCnosePFYwX5Au5RsOtuGZrNrkhXq0l/ixYMiXv0p3vw3pu0etPXBMI/3ZsjkBYng2rjut1NYW9/Y3Cpul3Z29/bLlYPDlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YhK81jem0mCfkSHkoecUWOlfqXskp7AByIWbdyvVN2aOwdZJV5OqpCj0a989QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHz4lp1YZkDBWtqQhc/X3RkYjrSdRYCcjakZ62ZuJ/3nd1ITXfsZlkhqUbPFQmApiYjJLgQy4QmbExBLKFLe3EjaiijJjsyrZELzlL6+S1nnNu6i5d5fVeiOPowjHcAJn4MEV1OEWGtAEBik8wyu8OU/Oi/PufCxGC06+cwR/4Hz+AAm+khQ=</latexit>

G 2 Rk⇥l
<latexit sha1_base64="0jPX/SP54x1XE/SSdEej94648eA=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIV9FjwoMcq9gOaWDbbTbt0swm7G6GEnLz4V7x4UMSrv8Gb/8ZN24O2Phh4vDfDzLwg4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4WfitByoVi8WdHiXUj3BfsJARrI3UtQ+ukMcE8iKsB0GQ3eb32RB5mkVUIZ537YpTdcZA88SdkgpMUe/aX14vJmlEhSYcK9VxnUT7GZaaEU7zspcqmmAyxH3aMVRgs8fPxm/k6MgoPRTG0pTQaKz+nshwpNQoCkxnca6a9QrxP6+T6vDCz5hIUk0FmSwKU450jIpMUI9JSjQfGYKJZOZWRAZYYqJNcmUTgjv78jxpnlTd06pzc1ap1adxlGAfDuEYXDiHGlxDHRpA4BGe4RXerCfrxXq3PiatC9Z0Zg/+wPr8AYxQmJY=</latexit>

O 2 Rk⇥l
<latexit sha1_base64="/ho8bTwfOHeO/NcQ1PBzbeYuDQw=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIV9Fjw4s0q9gOaWDbbTbt0swm7G6GEnLz4V7x4UMSrv8Gb/8ZN24O2Phh4vDfDzLwg4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4WfitByoVi8WdHiXUj3BfsJARrI3UtQ+ukccE8iKsB0GQ3eb32RB5mkVUIZ537YpTdcZA88SdkgpMUe/aX14vJmlEhSYcK9VxnUT7GZaaEU7zspcqmmAyxH3aMVRgs8fPxm/k6MgoPRTG0pTQaKz+nshwpNQoCkxnca6a9QrxP6+T6vDCz5hIUk0FmSwKU450jIpMUI9JSjQfGYKJZOZWRAZYYqJNcmUTgjv78jxpnlTd06pzc1ap1adxlGAfDuEYXDiHGlxBHRpA4BGe4RXerCfrxXq3PiatC9Z0Zg/+wPr8AZlQmJ4=</latexit>



The critical landscape is diffeomorphic to the space of pairs              or              with 

•                                of size                    , 

•                     with independent columns, 

•                     with orthonormal columns. 

(I, G)
<latexit sha1_base64="5HbhMb5/aChRSJiz/jCEc/8YtYk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBV0WXKi7CvYBbSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuFtfWNza3idmlnd2//wD48aqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfntCpWKReNLTmHohHgoWMIK1kfq2XemFWI8I5unD7ALdnfftslN15kCrxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip7NSL1E0xmSMh7RrqMAhVV46Tz5DZ0YZoCCS5gmN5urvjRSHSk1D30xmMdWyl4n/ed1EBzdeykScaCrI4lCQcKQjlNWABkxSovnUEEwkM1kRGWGJiTZllUwJ7vKXV0mrVnUvq87jVbneyOsowgmcQgVcuIY63EMDmkBgAs/wCm9War1Y79bHYrRg5TvH8AfW5w8hEpK2</latexit>

(I, O)
<latexit sha1_base64="G8QW6V0HikAh+F3ucPxelylLh1M=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBV0W3OjKCvYBbSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuFtfWNza3idmlnd2//wD48aqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfntCpWKReNLTmHohHgoWMIK1kfq2XemFWI8I5un97AI9nPftslN15kCrxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip7NSL1E0xmSMh7RrqMAhVV46Tz5DZ0YZoCCS5gmN5urvjRSHSk1D30xmMdWyl4n/ed1EBzdeykScaCrI4lCQcKQjlNWABkxSovnUEEwkM1kRGWGJiTZllUwJ7vKXV0mrVnUvq87jVbneyOsowgmcQgVcuIY63EEDmkBgAs/wCm9War1Y79bHYrRg5TvH8AfW5w8tOpK+</latexit>

I ⇢ {1, . . . ,m}
<latexit sha1_base64="ONh0lIETZOOXKlZr96ombUnEJrU=">AAACDXicbVDLSsNAFJ34rPUVdelmsAouSklU0GXBje4q2Ac0oUwmk3bo5MHMjVBCfsCNv+LGhSJu3bvzb5y0WWjrgQuHc+7l3nu8RHAFlvVtLC2vrK6tVzaqm1vbO7vm3n5HxamkrE1jEcueRxQTPGJt4CBYL5GMhJ5gXW98XfjdByYVj6N7mCTMDckw4gGnBLQ0MI+dkMCIEpHd5thRqacYYCez69gRfgyqjkMnH5g1q2FNgReJXZIaKtEamF+OH9M0ZBFQQZTq21YCbkYkcCpYXnVSxRJCx2TI+ppGJGTKzabf5PhEKz4OYqkrAjxVf09kJFRqEnq6s7hdzXuF+J/XTyG4cjMeJSmwiM4WBanAEOMiGuxzySiIiSaESq5vxXREJKGgA6zqEOz5lxdJ56xhnzesu4tas1XGUUGH6AidIhtdoia6QS3URhQ9omf0it6MJ+PFeDc+Zq1LRjlzgP7A+PwBes6bNA==</latexit>

0  l  k
<latexit sha1_base64="lq9wpXSJkTHOyU4yttir62nO5tI=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInsquCnosePFYwX5Au5RsOtuGZrNrkhXq0l/ixYMiXv0p3vw3pu0etPXBMI/3ZsjkBYng2rjut1NYW9/Y3Cpul3Z29/bLlYPDlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YhK81jem0mCfkSHkoecUWOlfqXskp7AByIWbdyvVN2aOwdZJV5OqpCj0a989QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHz4lp1YZkDBWtqQhc/X3RkYjrSdRYCcjakZ62ZuJ/3nd1ITXfsZlkhqUbPFQmApiYjJLgQy4QmbExBLKFLe3EjaiijJjsyrZELzlL6+S1nnNu6i5d5fVeiOPowjHcAJn4MEV1OEWGtAEBik8wyu8OU/Oi/PufCxGC06+cwR/4Hz+AAm+khQ=</latexit>

G 2 Rk⇥l
<latexit sha1_base64="0jPX/SP54x1XE/SSdEej94648eA=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIV9FjwoMcq9gOaWDbbTbt0swm7G6GEnLz4V7x4UMSrv8Gb/8ZN24O2Phh4vDfDzLwg4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4WfitByoVi8WdHiXUj3BfsJARrI3UtQ+ukMcE8iKsB0GQ3eb32RB5mkVUIZ537YpTdcZA88SdkgpMUe/aX14vJmlEhSYcK9VxnUT7GZaaEU7zspcqmmAyxH3aMVRgs8fPxm/k6MgoPRTG0pTQaKz+nshwpNQoCkxnca6a9QrxP6+T6vDCz5hIUk0FmSwKU450jIpMUI9JSjQfGYKJZOZWRAZYYqJNcmUTgjv78jxpnlTd06pzc1ap1adxlGAfDuEYXDiHGlxDHRpA4BGe4RXerCfrxXq3PiatC9Z0Zg/+wPr8AYxQmJY=</latexit>

O 2 Rk⇥l
<latexit sha1_base64="/ho8bTwfOHeO/NcQ1PBzbeYuDQw=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIV9Fjw4s0q9gOaWDbbTbt0swm7G6GEnLz4V7x4UMSrv8Gb/8ZN24O2Phh4vDfDzLwg4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4WfitByoVi8WdHiXUj3BfsJARrI3UtQ+ukccE8iKsB0GQ3eb32RB5mkVUIZ537YpTdcZA88SdkgpMUe/aX14vJmlEhSYcK9VxnUT7GZaaEU7zspcqmmAyxH3aMVRgs8fPxm/k6MgoPRTG0pTQaKz+nshwpNQoCkxnca6a9QrxP6+T6vDCz5hIUk0FmSwKU450jIpMUI9JSjQfGYKJZOZWRAZYYqJNcmUTgjv78jxpnlTd06pzc1ap1adxlGAfDuEYXDiHGlxBHRpA4BGe4RXerCfrxXq3PiatC9Z0Zg/+wPr8AZlQmJ4=</latexit>



The critical landscape is diffeomorphic to the space of pairs              or              with 

•                                of size                    , 

•                     with independent columns, 

•                     with orthonormal columns. 

(I, G)
<latexit sha1_base64="5HbhMb5/aChRSJiz/jCEc/8YtYk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBV0WXKi7CvYBbSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuFtfWNza3idmlnd2//wD48aqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfntCpWKReNLTmHohHgoWMIK1kfq2XemFWI8I5unD7ALdnfftslN15kCrxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip7NSL1E0xmSMh7RrqMAhVV46Tz5DZ0YZoCCS5gmN5urvjRSHSk1D30xmMdWyl4n/ed1EBzdeykScaCrI4lCQcKQjlNWABkxSovnUEEwkM1kRGWGJiTZllUwJ7vKXV0mrVnUvq87jVbneyOsowgmcQgVcuIY63EMDmkBgAs/wCm9War1Y79bHYrRg5TvH8AfW5w8hEpK2</latexit>

(I, O)
<latexit sha1_base64="G8QW6V0HikAh+F3ucPxelylLh1M=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBV0W3OjKCvYBbSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnjh9zprTjfFuFtfWNza3idmlnd2//wD48aqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfntCpWKReNLTmHohHgoWMIK1kfq2XemFWI8I5un97AI9nPftslN15kCrxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip7NSL1E0xmSMh7RrqMAhVV46Tz5DZ0YZoCCS5gmN5urvjRSHSk1D30xmMdWyl4n/ed1EBzdeykScaCrI4lCQcKQjlNWABkxSovnUEEwkM1kRGWGJiTZllUwJ7vKXV0mrVnUvq87jVbneyOsowgmcQgVcuIY63EEDmkBgAs/wCm9War1Y79bHYrRg5TvH8AfW5w8tOpK+</latexit>

I ⇢ {1, . . . ,m}
<latexit sha1_base64="ONh0lIETZOOXKlZr96ombUnEJrU=">AAACDXicbVDLSsNAFJ34rPUVdelmsAouSklU0GXBje4q2Ac0oUwmk3bo5MHMjVBCfsCNv+LGhSJu3bvzb5y0WWjrgQuHc+7l3nu8RHAFlvVtLC2vrK6tVzaqm1vbO7vm3n5HxamkrE1jEcueRxQTPGJt4CBYL5GMhJ5gXW98XfjdByYVj6N7mCTMDckw4gGnBLQ0MI+dkMCIEpHd5thRqacYYCez69gRfgyqjkMnH5g1q2FNgReJXZIaKtEamF+OH9M0ZBFQQZTq21YCbkYkcCpYXnVSxRJCx2TI+ppGJGTKzabf5PhEKz4OYqkrAjxVf09kJFRqEnq6s7hdzXuF+J/XTyG4cjMeJSmwiM4WBanAEOMiGuxzySiIiSaESq5vxXREJKGgA6zqEOz5lxdJ56xhnzesu4tas1XGUUGH6AidIhtdoia6QS3URhQ9omf0it6MJ+PFeDc+Zq1LRjlzgP7A+PwBes6bNA==</latexit>

0  l  k
<latexit sha1_base64="lq9wpXSJkTHOyU4yttir62nO5tI=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInsquCnosePFYwX5Au5RsOtuGZrNrkhXq0l/ixYMiXv0p3vw3pu0etPXBMI/3ZsjkBYng2rjut1NYW9/Y3Cpul3Z29/bLlYPDlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YhK81jem0mCfkSHkoecUWOlfqXskp7AByIWbdyvVN2aOwdZJV5OqpCj0a989QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHz4lp1YZkDBWtqQhc/X3RkYjrSdRYCcjakZ62ZuJ/3nd1ITXfsZlkhqUbPFQmApiYjJLgQy4QmbExBLKFLe3EjaiijJjsyrZELzlL6+S1nnNu6i5d5fVeiOPowjHcAJn4MEV1OEWGtAEBik8wyu8OU/Oi/PufCxGC06+cwR/4Hz+AAm+khQ=</latexit>

G 2 Rk⇥l
<latexit sha1_base64="0jPX/SP54x1XE/SSdEej94648eA=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIV9FjwoMcq9gOaWDbbTbt0swm7G6GEnLz4V7x4UMSrv8Gb/8ZN24O2Phh4vDfDzLwg4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4WfitByoVi8WdHiXUj3BfsJARrI3UtQ+ukMcE8iKsB0GQ3eb32RB5mkVUIZ537YpTdcZA88SdkgpMUe/aX14vJmlEhSYcK9VxnUT7GZaaEU7zspcqmmAyxH3aMVRgs8fPxm/k6MgoPRTG0pTQaKz+nshwpNQoCkxnca6a9QrxP6+T6vDCz5hIUk0FmSwKU450jIpMUI9JSjQfGYKJZOZWRAZYYqJNcmUTgjv78jxpnlTd06pzc1ap1adxlGAfDuEYXDiHGlxDHRpA4BGe4RXerCfrxXq3PiatC9Z0Zg/+wPr8AYxQmJY=</latexit>

O 2 Rk⇥l
<latexit sha1_base64="/ho8bTwfOHeO/NcQ1PBzbeYuDQw=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIV9Fjw4s0q9gOaWDbbTbt0swm7G6GEnLz4V7x4UMSrv8Gb/8ZN24O2Phh4vDfDzLwg4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4WfitByoVi8WdHiXUj3BfsJARrI3UtQ+ukccE8iKsB0GQ3eb32RB5mkVUIZ537YpTdcZA88SdkgpMUe/aX14vJmlEhSYcK9VxnUT7GZaaEU7zspcqmmAyxH3aMVRgs8fPxm/k6MgoPRTG0pTQaKz+nshwpNQoCkxnca6a9QrxP6+T6vDCz5hIUk0FmSwKU450jIpMUI9JSjQfGYKJZOZWRAZYYqJNcmUTgjv78jxpnlTd06pzc1ap1adxlGAfDuEYXDiHGlxBHRpA4BGe4RXerCfrxXq3PiatC9Z0Zg/+wPr8AZlQmJ4=</latexit>



Algebraic Topology of PCA
Regularization reduces the symmetry from linear to orthogonal. 

But LAEs are still over-parameterized, obscuring the gradient dynamics.

Issue:                             is not the natural domain of PCA.Rk⇥m ⇥ Rm⇥k
<latexit sha1_base64="T59uYmvGNVZFYSwLHevfiBwCz5k=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVZIq6rLgxmUV+4Amlsl00g6ZScLMRCghf+LGX3HjQhFx179x0qZQWw9cOJxzL/fe48WMSmVZE6O0tr6xuVXeruzs7u0fmIdHbRklApMWjlgkuh6ShNGQtBRVjHRjQRD3GOl4wW3ud56JkDQKH9U4Ji5Hw5D6FCOlpb555XCkRp6XPmRPaQAdRTmRkGdztmjzuRhkfbNq1awp4CqxC1IFBZp988cZRDjhJFSYISl7thUrN0VCUcxIVnESSWKEAzQkPU1DpPe46fS/DJ5pZQD9SOgKFZyqixMp4lKOuac783PlspeL/3m9RPk3bkrDOFEkxLNFfsKgimAeFhxQQbBiY00QFlTfCvEICYSVjrSiQ7CXX14l7XrNvqjV7y+rjWYRRxmcgFNwDmxwDRrgDjRBC2DwAt7AB/g0Xo1348v4nrWWjGLmGPyBMfkF+ryjlw==</latexit>



Find the k-subspace nearest a point cloud in Rm
<latexit sha1_base64="5/Zmwjn34AUSfjtRIVYOZui4TpI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuCG5dV+oLOWDJppg1NMkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+SECWfauO63U1pb39jcKm9Xdnb39g+qh0cdHaeK0DaJeax6IdaUM0nbhhlOe4miWIScdsPJbe53n6jSLJYtM01oIPBIsogRbKzk+wKbcRhmD7NHMajW3Lo7B1olXkFqUKA5qH75w5ikgkpDONa677mJCTKsDCOczip+qmmCyQSPaN9SiQXVQTbPPENnVhmiKFb2SYPm6u+NDAutpyK0k3lGvezl4n9ePzXRTZAxmaSGSrI4FKUcmRjlBaAhU5QYPrUEE8VsVkTGWGFibE0VW4K3/OVV0rmoe5d19/6q1mgVdZThBE7hHDy4hgbcQRPaQCCBZ3iFNyd1Xpx352MxWnKKnWP4A+fzB0mxkeU=</latexit>

Grk(Rm) ⇠= {P = P 2, P = P |, trP = k} ⇢ Rm⇥m
<latexit sha1_base64="JX/spB3XmkE1K8tWV68/Oo8AT4s="></latexit>

LX(P ) = ||X � PX||2
<latexit sha1_base64="gbEZ3me6zQA/gFBfopydU1mgdnU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqwpJUQTdCwY0LFxFsG2hjmEwn7dDJg5mJUJKu3Pgrblwo4tZvcOffOGmz0NYDFw7n3Mu993gxo0Iaxre2sLi0vLJaWiuvb2xubes7uy0RJRyTJo5YxG0PCcJoSJqSSkbsmBMUeIy0veFV7rcfCBc0Cu/kKCZOgPoh9SlGUkmuftANkBxgxNKbsWtXrePLLLPhCbTsLLuvu3rFqBkTwHliFqQCCliu/tXtRTgJSCgxQ0J0TCOWToq4pJiRcbmbCBIjPER90lE0RAERTjp5YwyPlNKDfsRVhRJO1N8TKQqEGAWe6syPFrNeLv7ndRLpXzgpDeNEkhBPF/kJgzKCeSawRznBko0UQZhTdSvEA8QRliq5sgrBnH15nrTqNfO0ZtyeVRpWEUcJ7INDUAUmOAcNcA0s0AQYPIJn8AretCftRXvXPqatC1oxswf+QPv8AXGvl9k=</latexit>

Algebraic Topology of PCA

Natural domain is the Grassmannian manifold. 

Points are subspaces. Distance is loss function. 

dimGrk(Rm) = k(m� k)
<latexit sha1_base64="yvoLVatZ9SjpOVvrE5Ky8f6zBAU=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VoQUuiQt0IBRe6rGIf0MYwmU7bITNJmJkIJeRT3Pgrblwoojv9GqdpBW09MHDuOfcy9x4vYlQqy/o0cguLS8sr+dXC2vrG5pa5vdOUYSwwaeCQhaLtIUkYDUhDUcVIOxIEcY+RludfjP3WPRGShsGtGkXE4WgQ0D7FSGnJNatdjtRQ8KRHeQq7h/CnvhSp65eyyvOSm/SOl+E59GGJwyPol12zaFWsDHCe2FNSBFPUXfOj2wtxzEmgMENSdmwrUk6ChKKYkbTQjSWJEPbRgHQ0DRAn0kmyA1N4oJUe7IdCv0DBTP09kSAu5Yh7unO8sJz1xuJ/XidW/TMnoUEUKxLgyUf9mEEVwnFasEcFwYqNNEFYUL0rxEMkEFY604IOwZ49eZ40jyv2ScW6Pi3W6tM48mAP7IMSsEEV1MAVqIMGwOABPIEX8Go8Gs/Gm/E+ac0Z05ld8AfG1zeWI6Hu</latexit>



u1
<latexit sha1_base64="9ZzwueT3KC536pSpP8o0/f3ZczQ=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwaxPLoI1lguYCyRJnJ7PJkNnZZeasEJY8go2FIrY+kZ2Nz+LkUmjiDwMf/zmHOecPEikMuu6Xk1tb39jcym8Xdnb39g+Kh0dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZlpvPXJtRKzucZxwP6IDJULBKFrrLu15vWLJLbszkVXwFlCqntS/HwCg1it+dvsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHoqIRN342W3VCzq3TJ2Gs7VNIZu7viYxGxoyjwHZGFIdmuTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzK9m/SF5gzl2AJlWthdCRtSTRnadAo2BG/55FVoXpY9y3WbxjXMlYdTOIML8KACVbiFGjSAwQCe4AVeHek8O2/O+7w15yxmjuGPnI8flHiPfg==</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="E2ptY24py+LTMKplALmfbdrZyPQ=">AAAB6nicbZBNTwIxEIan+IX4hXr00khMPJFdL3okevGIUZAENqRbZqGh2920XROy4Sd48aAxXv1F3vw3FtiDgm/S5Mk7M+nMG6ZSGOt536S0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiOyEzKIXClhVWYifVyOJQ4mM4vpnVH59QG5GoBztJMYjZUIlIcGaddZ/1/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroKcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fOfVGtdFHGU4gVM4Bx8uoQG30IQWcBjCM7zCG5HkhbyTj0VriRQzx/BH5PMHBeCNmQ==</latexit>

u2
<latexit sha1_base64="EhpGO/1dG2gaZFvEGy5iEfMi5Ic=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLoI1lAiYRkiXOTmaTITOzy1yEsOQVbCwUsfWF7Gx8FmeTFJr4w8DHf85hzvmjlDNtfP/LK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqj7CGvKmaQtwwyn96miWEScdqLxTV7vPFKlWSLvzCSlocBDyWJGsMkt26+V+uWKX/VnQqsQLKBSP2l+PwBAo1/+7A0SYgWVhnCsdTfwUxNmWBlGOJ2WelbTFJMxHtKuQ4kF1WE223WKzp0zQHGi3JMGzdzfExkWWk9E5DoFNiO9XMvN/2pda+KrMGMytYZKMv8othyZBOWHowFTlBg+cYCJYm5XREZYYWJcPHkIwfLJq9CuVQPHTZfGNcxVhFM4gwsI4BLqcAsNaAGBETzBC7x6wnv23rz3eWvBW8wcwx95Hz/LEo+T</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="fa8xxA47gqMQ/rht2fHYYblS+YA=">AAAB63icbZBNSwMxEIZn/az1q+rRS7AInspuL3osevFYwX5Au5RsOm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpC4OGdGTLzRongxvr+t7exubW9s1vaK+8fHB4dV05O2yZONcMWi0WsuxE1KLjCluVWYDfRSGUksBNN7/J65wm14bF6tLMEQ0nHio84oza30kG9PKhU/Zq/EFmHoIAqFGoOKl/9YcxSicoyQY3pBX5iw4xqy5nAebmfGkwom9Ix9hwqKtGE2WLXObl0zpCMYu2esmTh/p7IqDRmJiPXKamdmNVabv5X66V2dBNmXCWpRcWWH41SQWxM8sPJkGtkVswcUKa525WwCdWUWRdPHkKwevI6tOu1wPGDX23cFnGU4Bwu4AoCuIYG3EMTWsBgAs/wCm+e9F68d+9j2brhFTNn8Efe5w88eo2u</latexit>

R
<latexit sha1_base64="PzkBCrrM0rbRb0JopxnzsX5vZ9Y=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcVesB1KJs20oZlkSDJCGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuX15gNVmklxZ0YJDWLcFyxiBBtr3XdibAZhmN2Ou6WyV/EmQovgz6B88emePwJArVv66vQkSWMqDOFY67bvJSbIsDKMcDp2O6mmCSZD3KdtiwLHVAfZJPEYHVmnhyKp7BMGTdzfExmOtR7Foe3ME+r5Wm7+V2unJjoLMiaS1FBBph9FKUdGonx91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOVq5cwVREO4BCOwYdTqMI11KAOBAQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/K2iSuw==</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="QF7yH0FDMefiXM6IFYAzzuW/7wM=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSyIPkQbVY7rtFYdJ7JvkKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2IlYPOE24H9GREqFgFK302I8ojoMgu58NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6tNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+ALwhkO4=</latexit>

�2
1

<latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit><latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit><latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit><latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit>

�2
2

<latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit><latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit><latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit><latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit>

LX
<latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit> �rLX

<latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit>

Gr1(R2)
<latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit><latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit><latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit><latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit>

0
<latexit sha1_base64="WClIGv8lhU2ZbNbY7iSfYilDnrc=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktj0qle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0rRjTs=</latexit>

1
<latexit sha1_base64="eq6fM/dFdccLuAZ/qaz6g5IUpc4=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktjMqle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0xVjTw=</latexit>

X ⇢ R2
<latexit sha1_base64="D6SOwIcN2lgU1QTTEKzYA6Qx9yE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCnZZcOOyin1AG8tketMOnUzCzEQosQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEgKTRrxSHZ8ooAzAU3NNIdOLIGEPoe2P77K/PYDSMUicacnMXghGQoWMEq0kfr2UQf3VOIr0LgXEj3y/fR2el/t22Wn4syAl4mbkzLK0ejbX71BRJMQhKacKNV1nVh7KZGaUQ7TUi9REBM6JkPoGipICMpLZ/mn+NQoAxxE0jyh8Uz9vZGSUKlJ6JvJLKNa9DLxP6+b6KDmpUzEiQZB54eChGMd4awMPGASqOYTQwiVzGTFdEQkodpUVjIluItfXiatasU9r1RvLsr1Wl5HER2jE3SGXHSJ6ugaNVATUfSIntErerOerBfr3fqYjxasfOcQ/YH1+QNq6JWv</latexit> H⇤(·)

<latexit sha1_base64="nHrVyXNsKlwr6z14v66pH+tw934=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRaheii7VbDHgpceK9gPbJeSzaZtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek7u533miSjMpHsw0pn6ER4INGcHGSo+NwVW5T0JpLgfFkltxF0DrxMtICTI0B8WvfihJElFhCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVOCIaj9dXDxDF1YJ0VAqW8Kghfp7IsWR1tMosJ0RNmO96s3F/7xeYoY1P2UiTgwVZLlomHBkJJq/j0KmKDF8agkmitlbERljhYmxIRVsCN7qy+ukXa1415Xq/U2pXsviyMMZnEMZPLiFOjSgCS0gIOAZXuHN0c6L8+58LFtzTjZzCn/gfP4AUVeQAA==</latexit>
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u1
<latexit sha1_base64="9ZzwueT3KC536pSpP8o0/f3ZczQ=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwaxPLoI1lguYCyRJnJ7PJkNnZZeasEJY8go2FIrY+kZ2Nz+LkUmjiDwMf/zmHOecPEikMuu6Xk1tb39jcym8Xdnb39g+Kh0dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZlpvPXJtRKzucZxwP6IDJULBKFrrLu15vWLJLbszkVXwFlCqntS/HwCg1it+dvsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHoqIRN342W3VCzq3TJ2Gs7VNIZu7viYxGxoyjwHZGFIdmuTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzK9m/SF5gzl2AJlWthdCRtSTRnadAo2BG/55FVoXpY9y3WbxjXMlYdTOIML8KACVbiFGjSAwQCe4AVeHek8O2/O+7w15yxmjuGPnI8flHiPfg==</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="E2ptY24py+LTMKplALmfbdrZyPQ=">AAAB6nicbZBNTwIxEIan+IX4hXr00khMPJFdL3okevGIUZAENqRbZqGh2920XROy4Sd48aAxXv1F3vw3FtiDgm/S5Mk7M+nMG6ZSGOt536S0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiOyEzKIXClhVWYifVyOJQ4mM4vpnVH59QG5GoBztJMYjZUIlIcGaddZ/1/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroKcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fOfVGtdFHGU4gVM4Bx8uoQG30IQWcBjCM7zCG5HkhbyTj0VriRQzx/BH5PMHBeCNmQ==</latexit>

u2
<latexit sha1_base64="EhpGO/1dG2gaZFvEGy5iEfMi5Ic=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLoI1lAiYRkiXOTmaTITOzy1yEsOQVbCwUsfWF7Gx8FmeTFJr4w8DHf85hzvmjlDNtfP/LK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqj7CGvKmaQtwwyn96miWEScdqLxTV7vPFKlWSLvzCSlocBDyWJGsMkt26+V+uWKX/VnQqsQLKBSP2l+PwBAo1/+7A0SYgWVhnCsdTfwUxNmWBlGOJ2WelbTFJMxHtKuQ4kF1WE223WKzp0zQHGi3JMGzdzfExkWWk9E5DoFNiO9XMvN/2pda+KrMGMytYZKMv8othyZBOWHowFTlBg+cYCJYm5XREZYYWJcPHkIwfLJq9CuVQPHTZfGNcxVhFM4gwsI4BLqcAsNaAGBETzBC7x6wnv23rz3eWvBW8wcwx95Hz/LEo+T</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="fa8xxA47gqMQ/rht2fHYYblS+YA=">AAAB63icbZBNSwMxEIZn/az1q+rRS7AInspuL3osevFYwX5Au5RsOm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpC4OGdGTLzRongxvr+t7exubW9s1vaK+8fHB4dV05O2yZONcMWi0WsuxE1KLjCluVWYDfRSGUksBNN7/J65wm14bF6tLMEQ0nHio84oza30kG9PKhU/Zq/EFmHoIAqFGoOKl/9YcxSicoyQY3pBX5iw4xqy5nAebmfGkwom9Ix9hwqKtGE2WLXObl0zpCMYu2esmTh/p7IqDRmJiPXKamdmNVabv5X66V2dBNmXCWpRcWWH41SQWxM8sPJkGtkVswcUKa525WwCdWUWRdPHkKwevI6tOu1wPGDX23cFnGU4Bwu4AoCuIYG3EMTWsBgAs/wCm+e9F68d+9j2brhFTNn8Efe5w88eo2u</latexit>

u3
<latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit><latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit><latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit><latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit>

�2
1 + �2

2
<latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit><latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit><latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit><latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit>

�2
1 + �2

3
<latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit><latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit><latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit><latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit>

�2
2 + �2

3
<latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit><latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit><latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit><latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit>

R
<latexit sha1_base64="PzkBCrrM0rbRb0JopxnzsX5vZ9Y=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcVesB1KJs20oZlkSDJCGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuX15gNVmklxZ0YJDWLcFyxiBBtr3XdibAZhmN2Ou6WyV/EmQovgz6B88emePwJArVv66vQkSWMqDOFY67bvJSbIsDKMcDp2O6mmCSZD3KdtiwLHVAfZJPEYHVmnhyKp7BMGTdzfExmOtR7Foe3ME+r5Wm7+V2unJjoLMiaS1FBBph9FKUdGonx91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOVq5cwVREO4BCOwYdTqMI11KAOBAQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/K2iSuw==</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="QF7yH0FDMefiXM6IFYAzzuW/7wM=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSyIPkQbVY7rtFYdJ7JvkKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2IlYPOE24H9GREqFgFK302I8ojoMgu58NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6tNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+ALwhkO4=</latexit>

LX
<latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit> �rLX

<latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit>

Gr1(R3)
<latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit><latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit><latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit><latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit>

1
<latexit sha1_base64="eq6fM/dFdccLuAZ/qaz6g5IUpc4=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktjMqle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0xVjTw=</latexit>

0
<latexit sha1_base64="WClIGv8lhU2ZbNbY7iSfYilDnrc=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktj0qle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0rRjTs=</latexit>

2
<latexit sha1_base64="mIde7+wrjV61V6/CRomoNr4Zr5M=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckks1N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt2kEFX0w8Hhvhpl5QcKZ0o7zYa2tb2xubZd2yrt7+weHlaPjropTSaFDYx7LfkAUcCago5nm0E8kkCjg0Atm10u/dw9SsVjc6nkCfkQmgoWMEm2ktjeqVB27kQOvSL1WkIaLXdvJUUUFWqPK+3Ac0zQCoSknSg1cJ9F+RqRmlMOiPEwVJITOyAQGhgoSgfKz/NAFPjfKGIexNCU0ztXvExmJlJpHgemMiJ6q395S/MsbpDq88jMmklSDoKtFYcqxjvHyazxmEqjmc0MIlczciumUSEK1yaZsQvj6FP9Pup7tXtpeu1ZtekUcJXSKztAFclEdNdENaqEOogjQA3pCz9ad9Wi9WK+r1jWrmDlBP2C9fQJN2Y09</latexit>

X ⇢ R3
<latexit sha1_base64="8GztNEvUcrop30paWJgJg27S43M=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyVpBbssuHFZxT6gjWUynbRDJ5MwMxFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjzpR2nG9rZXVtfWOzsFXc3tnd27cPDlsqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sdXmd9+oFKxSNzpSUy9EA8FCxjB2kh9+7iDeirxFdWoF2I98v30dnpf7dslp+zMgJaJm5MS5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOp8VeomiMyRgPaddQgUOqvHSWf4rOjDJAQSTNExrN1N8bKQ6VmoS+mcwyqkUvE//zuokOal7KRJxoKsj8UJBwpCOUlYEGTFKi+cQQTCQzWREZYYmJNpUVTQnu4peXSatSdqvlys1FqV7L6yjACZzCObhwCXW4hgY0gcAjPMMrvFlP1ov1bn3MR1esfOcI/sD6/AFsbJWw</latexit>

H⇤(·)
<latexit sha1_base64="nHrVyXNsKlwr6z14v66pH+tw934=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRaheii7VbDHgpceK9gPbJeSzaZtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek7u533miSjMpHsw0pn6ER4INGcHGSo+NwVW5T0JpLgfFkltxF0DrxMtICTI0B8WvfihJElFhCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVOCIaj9dXDxDF1YJ0VAqW8Kghfp7IsWR1tMosJ0RNmO96s3F/7xeYoY1P2UiTgwVZLlomHBkJJq/j0KmKDF8agkmitlbERljhYmxIRVsCN7qy+ukXa1415Xq/U2pXsviyMMZnEMZPLiFOjSgCS0gIOAZXuHN0c6L8+58LFtzTjZzCn/gfP4AUVeQAA==</latexit>



LX : Gr2(R4) ! R
<latexit sha1_base64="fnTNlYVGyaCcl36yKF9VnUIPRGI="></latexit>

Algebraic Topology of PCA
•         critical points are principal subspaces 

• Critical values are sums of eigenvalues 

• Connecting gradient trajectories are rotations 

• Loss is std saddle (     -perfect Morse function) 

• LAE loss is degenerate std saddle (Morse-Bott) 

• Suggests principals, algorithms for deep learning

✓
m

k

◆

<latexit sha1_base64="K/io1bjyQGFKyccwG2x2FdNVVHU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cKthaaUDbbTbt0P8LuRighf8OLB0W8+me8+W/ctjlo64OBx3szzMyLU86M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlejA3lTNKOZZbTXqopFjGnj/HkduY/PlFtmJIPdprSSOCRZAkj2DopDGMmlchFkU+KQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHBa1MLM0BSTCR7RvqMSC2qifH5zgc6cMkSJ0q6kRXP190SOhTFTEbtOge3YLHsz8T+vn9nkJsqZTDNLJVksSjKOrEKzANCQaUosnzqCiWbuVkTGWGNiXUw1F0Kw/PIq6V40g8umf3/VaLXLOKpwAqdwDgFcQwvuoA0dIJDCM7zCm5d5L96797ForXjlzDH8gff5A9HRkjs=</latexit>

F2
<latexit sha1_base64="zMTAEoMmTtpohfXVraP/DdJevyw=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiwI4rKCfUATymR62w6dTMLMRCihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJoJr47rfztr6xubWdmmnvLu3f3BYOTpu6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXBym/udJ1Sax/LRTBMMIjqSfMgZNVby/YiacRhmd7N+vV+pujV3DrJKvIJUoUCzX/nyBzFLI5SGCap1z3MTE2RUGc4Ezsp+qjGhbEJH2LNU0gh1kM0zz8i5VQZkGCv7pCFz9fdGRiOtp1FoJ/OMetnLxf+8XmqGN0HGZZIalGxxaJgKYmKSF0AGXCEzYmoJZYrbrISNqaLM2JrKtgRv+curpF2veZe1+sNVtdEs6ijBKZzBBXhwDQ24hya0gEECz/AKb07qvDjvzsdidM0pdk7gD5zPH97XkZ0=</latexit>



PCA Algorithms
PCA is a two-step optimization: 

1. Train an L2-regularized LAE on                   
. 

2. Apply SVD to the decoder

X ⇢ Rm⇥n
<latexit sha1_base64="/m3Xftd1TQBwdDHULeH9nT5kUZc=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KkkV9Fjw4rGK/YAmls120y7dbMLuRCihZy/+FS8eFPHqL/Dmv3HT5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Or3G8/MKV5LO9gnDA/IgPJQ04JGKlnH3Wwp9NAM8BeRGAYBNnt5D6LsAc8YhrLSc+uOFVnCrxI3IJUUIFGz/7y+jFNIyaBCqJ113US8DOigFPBJmUv1SwhdEQGrGuoJGaPn01fmeATo/RxGCtTEvBU/T2RkUjrcRSYzvxcPe/l4n9eN4Xw0s+4TFJgks4WhanAEOM8F9znilEQY0MIVdzciumQKELBpFc2IbjzLy+SVq3qnlVrN+eVeqOIo4QO0TE6RS66QHV0jRqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDHL2alA==</latexit>

W2 ⇢ Rm⇥k
<latexit sha1_base64="NYEMEjCkGTpU3UjTn2ewM/Bu27w=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAdk1zAzmU2GzD6Y6RXCsh/gxV/x4kERr36AN//G2WQPmljQUFR1091FYyk02Pa3VVpZXVvfKG9WtrZ3dveq+wcdHSWK8TaLZKR6lGguRcjbIEDyXqw4CajkXTq5yv3uA1daROEdTGPuBWQUCl8wAkYaVGvdQQO7OqGaA3YDAmNK09vsPg2wCyLgGk8y02XX7RnwMnEKUkMFWoPqlzuMWBLwEJgkWvcdOwYvJQoEkzyruInmMWETMuJ9Q0Ni9njp7JkMnxhliP1ImQoBz9TfEykJtJ4G1HTm5+pFLxf/8/oJ+JdeKsI4AR6y+SI/kRginCeDh0JxBnJqCGFKmFsxGxNFGJj8KiYEZ/HlZdJp1J2zeuPmvNZsFXGU0RE6RqfIQReoia5RC7URQ4/oGb2iN+vJerHerY95a8kqZg7RH1ifP1ASmzU=</latexit>

Quick!

An Adventure!



PCA Algorithms

Gradient descent                      Solve for       , set                 
.

W2
<latexit sha1_base64="i5mhW+bwbmy0lCobiQ79cZ4CPoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD51BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtXZfrzSaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHgY42S</latexit>

W1 = W |
2

<latexit sha1_base64="tk9ZY+6A5ngVkx6KMr0vY034DAc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JUQS9CwYvHCrYptDFsttN26WYTdjdCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWHCmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVFJo05jHshsSBZwJaGumOXQTCSQKOXjh5Gbme48gFYvFvc4S8CMyEmzIKNFGCuyqF7j4GntB46HPhAZJCQ/smlN35sCrxC1IDRVoBfZXfxDTNAKhKSdK9Vwn0X5OpGaUw7TSTxUkhE7ICHqGChKB8vP58VN8apQBHsbSlNB4rv6eyEmkVBaFpjMieqyWvZn4n9dL9fDKz5lIUg2CLhYNU451jGdJ4AGTQDXPDCFUMnMrpmMiCTUpqIoJwV1+eZV0GnX3vN64u6g1W0UcZXSMTtAZctElaqJb1EJtRFGGntErerOerBfr3fpYtJasYqaK/sD6/AEX0ZPT</latexit>



Prediction in artificial neural networks is inspired by the brain.
Is learning in the brain inspired by artificial neural networks?



W0
<latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit><latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit><latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit><latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit>

W |
1

<latexit sha1_base64="7GdFtJLbYJERiehD19ySrMpJKoQ=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYXFh7emWFm3yARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e2s3hqj0jyWD2aSoB/RgeQhZ9RYy2/1vMculwYVo6JXrrhVdy6yCl4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixKGmE2s/mR0/JmXX6JIyVfdKQuft7IqOR1pMosJ0RNUO9XJuZ/9U6qQmv/YzLJDUo2WJRmApiYjJLgPS5QmbExAJlittbCRtSRZlNQZdsCN7yl1eheVH1LN9fVmo3eRxFOIFTOAcPrqAGd1CHBjB4gmd4hTdn7Lw4787HorXg5DPH8EfO5w+Ia5Hv</latexit><latexit sha1_base64="7GdFtJLbYJERiehD19ySrMpJKoQ=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYXFh7emWFm3yARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e2s3hqj0jyWD2aSoB/RgeQhZ9RYy2/1vMculwYVo6JXrrhVdy6yCl4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixKGmE2s/mR0/JmXX6JIyVfdKQuft7IqOR1pMosJ0RNUO9XJuZ/9U6qQmv/YzLJDUo2WJRmApiYjJLgPS5QmbExAJlittbCRtSRZlNQZdsCN7yl1eheVH1LN9fVmo3eRxFOIFTOAcPrqAGd1CHBjB4gmd4hTdn7Lw4787HorXg5DPH8EfO5w+Ia5Hv</latexit><latexit sha1_base64="7GdFtJLbYJERiehD19ySrMpJKoQ=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYXFh7emWFm3yARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e2s3hqj0jyWD2aSoB/RgeQhZ9RYy2/1vMculwYVo6JXrrhVdy6yCl4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixKGmE2s/mR0/JmXX6JIyVfdKQuft7IqOR1pMosJ0RNUO9XJuZ/9U6qQmv/YzLJDUo2WJRmApiYjJLgPS5QmbExAJlittbCRtSRZlNQZdsCN7yl1eheVH1LN9fVmo3eRxFOIFTOAcPrqAGd1CHBjB4gmd4hTdn7Lw4787HorXg5DPH8EfO5w+Ia5Hv</latexit><latexit sha1_base64="7GdFtJLbYJERiehD19ySrMpJKoQ=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYXFh7emWFm3yARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e2s3hqj0jyWD2aSoB/RgeQhZ9RYy2/1vMculwYVo6JXrrhVdy6yCl4OFchV75W/uv2YpRFKwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixKGmE2s/mR0/JmXX6JIyVfdKQuft7IqOR1pMosJ0RNUO9XJuZ/9U6qQmv/YzLJDUo2WJRmApiYjJLgPS5QmbExAJlittbCRtSRZlNQZdsCN7yl1eheVH1LN9fVmo3eRxFOIFTOAcPrqAGd1CHBjB4gmd4hTdn7Lw4787HorXg5DPH8EfO5w+Ia5Hv</latexit>

W1
<latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit><latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit><latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit><latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit>

x
<latexit sha1_base64="LjQjC8RzmAYn305BmuYMWVmZqkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix48dhCv6ANZbOdtGs3m7C7EUvoL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77EZXmsWyYSYJ+RIeSh5xRY6X6U79UdivuHGSVeDkpQ45av/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6JScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE976GZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7QheMsvr5LWZcW7qrj163K1kcdRgFM4gwvw4AaqcA81aAIDhGd4hTfnwXlx3p2PReuak8+cwB84nz/sTY0Q</latexit>

h
<latexit sha1_base64="4MgzTmbtylCDHHBKnIf+gjxmi1c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUa40G54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3XXUbN5VaM4+jCGdwDpfgwS3U4AHq0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UDY0A</latexit>

y
<latexit sha1_base64="mGv2TYrKs7c5uDROAYdCPtPxLUs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUa00G54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3XXUbN5VaM4+jCGdwDpfgwS3U4AHq0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/t0Y0R</latexit>

Prediction in artificial neural networks is inspired by the brain.
Is learning in the brain inspired by artificial neural networks?

�W0 / W |
1 ex

|
<latexit sha1_base64="CgNxRvMVrtuStnVoGAig9qQ8OeQ=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWZU0GVBFy4r9AWdsWTS2zY0kwxJRixD/8KNv+LGhSJudeffmD5AbT0QODnnXpJzooQzbTzvy8ktLa+sruXXCxubW9s77u5eXctUUahRyaVqRkQDZwJqhhkOzUQBiSMOjWhwOfYbd6A0k6JqhgmEMekJ1mWUGCu13VJwBdwQ3Gh7OEiUTIy03L8NmDCgKOEY8P3Pre0WvZI3AV4k/owU0QyVtvsZdCRNYxCGcqJ1y/cSE2ZEGUY5jApBqiEhdEB60LJUkBh0mE1yjfCRVTq4K5U9wuCJ+nsjI7HWwziykzExfT3vjcX/vFZquhdhxkSSGhB0+lA35diGH5eEO0wBNXxoCaGK2b9i2ieKUNuCLtgS/PnIi6R+UvJPS97NWbFcndWRRwfoEB0jH52jMrpGFVRDFD2gJ/SCXp1H59l5c96nozlntrOP/sD5+AbhBJ8z</latexit>

weight 
transport 
problem



Prediction in artificial neural networks is inspired by the brain.
Is learning in the brain inspired by artificial neural networks?

 

      dynamically aligns to        by: 

• maximizing flow of information 
• minimizing energy

W2
<latexit sha1_base64="i5mhW+bwbmy0lCobiQ79cZ4CPoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD51BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtXZfrzSaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHgY42S</latexit>

Thm: L2-regularized LAEs symmetrize.

W0
<latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit><latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit><latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit><latexit sha1_base64="URC+SnHMY0JM1bKZD5uKmRFwMEw=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDue3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9fZjX4=</latexit>

W1
<latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit><latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit><latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit><latexit sha1_base64="wGXgvW/F/1M+kqYIRPJikNJoEo8=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDu+3236tW8ucgq+AVUoVCj7371BgnLYpSGCap11/dSE+RUGc4ETiu9TGNK2ZgOsWtR0hh1kM9XnZIz6wxIlCj7pCFz9/dETmOtJ3FoO2NqRnq5NjP/q3UzE10HOZdpZlCyxUdRJohJyOxuMuAKmRETC5QpbnclbEQVZcamU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8kfP5A9ldjX8=</latexit>

x
<latexit sha1_base64="LjQjC8RzmAYn305BmuYMWVmZqkk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix48dhCv6ANZbOdtGs3m7C7EUvoL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77EZXmsWyYSYJ+RIeSh5xRY6X6U79UdivuHGSVeDkpQ45av/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6JScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE976GZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7QheMsvr5LWZcW7qrj163K1kcdRgFM4gwvw4AaqcA81aAIDhGd4hTfnwXlx3p2PReuak8+cwB84nz/sTY0Q</latexit>

h
<latexit sha1_base64="4MgzTmbtylCDHHBKnIf+gjxmi1c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUa40G54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3XXUbN5VaM4+jCGdwDpfgwS3U4AHq0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UDY0A</latexit>

y
<latexit sha1_base64="mGv2TYrKs7c5uDROAYdCPtPxLUs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUa00G54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3XXUbN5VaM4+jCGdwDpfgwS3U4AHq0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/t0Y0R</latexit>

W |
1

<latexit sha1_base64="tr6J9Y2hclAYTkroxkPe+D1Dgaw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48VbCu0sWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMTqIaAaBZfYNNwIfEgU0igQ2A5GNzO/PUaleSzvzSRBP6IDyUPOqLGS3+55j10uDSpGRa9ccavuHGSVeDmpQI5Gr/zV7ccsjVAaJqjWHc9NjJ9RZTgTOC11U40JZSM6wI6lkkao/Wx+9JScWaVPwljZkobM1d8TGY20nkSB7YyoGeplbyb+53VSE177GZdJalCyxaIwFcTEZJYA6XOFzIiJJZQpbm8lbEgVZTYFXbIheMsvr5JWrepdVGt3l5V6I4+jCCdwCufgwRXU4RYa0AQGT/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBje2SAQ==</latexit>

W2
<latexit sha1_base64="ULbV1CtY7Yf8eOjCDNbao2Du8kA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK302BnUBuWKW3UXIOvEy0kFcjQG5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieOtnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1V3YfrSr2Zx1GEMziHS/DgBupwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH+DzjZQ=</latexit>

LBP = Lpred + Lreg

LIA = Lpred + Linfo + Lreg

LSA = Lpred + Lself + Lreg
<latexit sha1_base64="6d9xgTxRk9HFlKp9f6SlkOIpd7g="></latexit>



We smoothly parameterize the critical 
manifolds of LAEs with several forms of 
regularization via one elementary proof.  

We factor the loss as a Morse function on 
the Grassmannian to reveal the dynamics 
near and between critical manifolds. 
Morse homology suggests principles and 
algorithms for deep learning.

We prove that L2-regularized LAEs are 
transposes at all critical points and learn 
the principal directions as the left singular 
vectors of the decoder. Define       by 

The minima of       are defined up to an 
orthogonal map                       by 

where                     and                              .

Regularization

Background

Backprop in            lacks        
because neurons go one way. 
 

Learn as       by maximizing flow 
of info and minimizing energy.

PCA Algorithms
Hence PCA is a two-step optimization: 
1. Train L2-regularized LAE on                   .  
2. Apply SVD to the decoder                    . 

Step 2 is quick. Step 1 options include: 
A. Gradient descent (below). 
B. Solve for       , set                 , iterate.

A linear autoencoder maps                       . 

LAEs learn the top principal subspace but 
not the principal directions or eigenvalues.  
The optimal latent representation is only 
defined up to a linear map                        . 

LAEs are pseudoinverses at all critical pts.

Principal directions with eigenvalues 
below     collapse as in probabilistic PCA. 

—-—Example of collapse for              .

Loss Landscapes of Regularized Linear Autoencoders 
Daniel Kunin*1,2, Jonathan M. Bloom*1, Aleksandrina Goeva1, Cotton Seed1

W1
<latexit sha1_base64="BRgLUZ1OcldYkFDGykl1moDxVNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL3LqntXq9Tv8ziKcAKncA4eXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPe1Y2R</latexit>

W2
<latexit sha1_base64="LBznW7jcZe9h19UtH041of4GTJs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ7tf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVb2Lqnt3Wanf53EU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfgWY2S</latexit>

X
<latexit sha1_base64="n2Uzv8Ub/ndG7SbbAZItiaciUiA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrU7vM4inACp3AOHlxDDe6gDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDuzOM7g==</latexit>

W1X
<latexit sha1_base64="hPiO/kR+5k98f/kSchYr5hfR4ZI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPBi8cqpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrJb/c90ulXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu7eX9UaD0UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ghI4d</latexit>

W2W1X
<latexit sha1_base64="3UQTStt+GkdmmHGfEwxVfODGMXk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF49VbFNpQ9hsN+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5UcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyeZIrRNEp6oboQ15UzStmGG026qKBYRp340vpn5/hNVmiXywUxSGgg8lCxmBBsrPfphA/mhh7phtebW3TnQKvEKUoMCrbD61R8kJBNUGsKx1j3PTU2QY2UY4XRa6WeappiM8ZD2LJVYUB3k84On6MwqAxQnypY0aK7+nsix0HoiItspsBnpZW8m/uf1MhNfBzmTaWaoJItFccaRSdDsezRgihLDJ5Zgopi9FZERVpgYm1HFhuAtv7xKOo26d1F37y5rzfsijjKcwCmcgwdX0IRbaEEbCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/C6qPTQ==</latexit>

W1
<latexit sha1_base64="BRgLUZ1OcldYkFDGykl1moDxVNA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL3LqntXq9Tv8ziKcAKncA4eXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPe1Y2R</latexit>

W2
<latexit sha1_base64="LBznW7jcZe9h19UtH041of4GTJs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ7tf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVb2Lqnt3Wanf53EU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfgWY2S</latexit>

G
<latexit sha1_base64="nn64gIbYk8Z7KJg9YsqalU4IFfI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix60GML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94FxW3flmu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPnJ+MzQ==</latexit>

G-1
<latexit sha1_base64="QnxTPr0JOygZoWh5P3S/G5XQo9I=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4McyooMegBz1GMAskY+jp1CRNeha7a4JhmO/w4kERr36MN//GznLQxAcFj/eqqKrnxVJotO1vK7e0vLK6ll8vbGxube8Ud/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q2ux35jCEqLKLzHUQxuwHqh8AVnaCT35iFtIzxhepI5WadYssv2BHSRODNSIjNUO8WvdjfiSQAhcsm0bjl2jG7KFAouISu0Ew0x4wPWg5ahIQtAu+nk6IweGaVL/UiZCpFO1N8TKQu0HgWe6QwY9vW8Nxb/81oJ+pduKsI4QQj5dJGfSIoRHSdAu0IBRzkyhHElzK2U95liHE1OBROCM//yIqmflp2zsn13XqpczeLIkwNySI6JQy5IhdySKqkRTh7JM3klb9bQerHerY9pa86azeyTP7A+fwC9i5IS</latexit>

G-1W1X
<latexit sha1_base64="GiuBmLZxeh/Y4ZAXVL0eKdzaCDU=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKooMuiC11WsA9oY5hMJ+3QyYOZGzGE+CtuXCji1g9x5984bbPQ1gMXDufcy733eLHgCizr2ygtLa+srpXXKxubW9s75u5eW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfDXxOw9MKh6Fd5DGzAnIMOQ+pwS05JrV6/usD+wRsuPcznHHtXHXNWtW3ZoCLxK7IDVUoOmaX/1BRJOAhUAFUapnWzE4GZHAqWB5pZ8oFhM6JkPW0zQkAVNONj0+x4daGWA/krpCwFP190RGAqXSwNOdAYGRmvcm4n9eLwH/wsl4GCfAQjpb5CcCQ4QnSeABl4yCSDUhVHJ9K6YjIgkFnVdFh2DPv7xI2id1+7Ru3Z7VGpdFHGW0jw7QEbLROWqgG9RELURRip7RK3oznowX4934mLWWjGKmiv7A+PwBeo2T/g==</latexit>

G 2 GLk(Rm)
<latexit sha1_base64="IZiEM9h4Up/9wHU7mSlmjGyzZD0=">AAACCnicbVC7TsMwFHV4lvIqMLIYKqSyVElBomMlhjIwFEQfUhsix3Vaq7YT2Q5SFWVm4VdYGECIlS9g429w2wzQciRLx+fcq3vv8SNGlbbtb2tpeWV1bT23kd/c2t7ZLeztt1QYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2R5cTv/1ApKKhuNPjiLgcDQQNKEbaSF7hqA57VMAeR3ooeVK/Tr1Rafrz/eQ2veenXqFol+0p4CJxMlIEGRpe4avXD3HMidCYIaW6jh1pN0FSU8xImu/FikQIj9CAdA0ViBPlJtNTUnhilD4MQmme0HCq/u5IEFdqzH1TOVlSzXsT8T+vG+ug6iZURLEmAs8GBTGDOoSTXGCfSoI1GxuCsKRmV4iHSCKsTXp5E4Izf/IiaVXKzlm5cnNerFWzOHLgEByDEnDABaiBK9AATYDBI3gGr+DNerJerHfrY1a6ZGU9B+APrM8fbdiaEw==</latexit>

Rm
<latexit sha1_base64="E7IwZYCv480GGqlRh44QXw1DxO8=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7JbBXssePFYxdZCdy3ZNNuGJtklyQpl6d/w4kERr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uc79hyeqNIvlvZkmNBB4JFnECDZW8n2BzTgMs7vZoxhUa27dnQOtEq8gNSjQHlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iCbZ56hM6sMURQr+6RBc/X3RoaF1lMR2sk8o172cvE/r5+aqBlkTCapoZIsDkUpRyZGeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQbde+i3ri9rLWaRR1lOIFTOAcPrqAFN9CGDhBI4Ble4c1JnRfn3flYjJacYucY/sD5/AFB6ZHL</latexit>

Rk
<latexit sha1_base64="UktUR6Trw/ozo0giHMdAHoEU9zc=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9mtgj0WvHisYmuhu5Zsmm1Ds9klyQpl6d/w4kERr/4Zb/4bs+0etHUgMMy8x5tMkAiujeN8o9La+sbmVnm7srO7t39QPTzq6jhVlHVoLGLVC4hmgkvWMdwI1ksUI1Eg2EMwuc79hyemNI/lvZkmzI/ISPKQU2Ks5HkRMeMgyO5mj5NBtebUnTnwKnELUoMC7UH1yxvGNI2YNFQQrfuukxg/I8pwKtis4qWaJYROyIj1LZUkYtrP5pln+MwqQxzGyj5p8Fz9vZGRSOtpFNjJPKNe9nLxP6+fmrDpZ1wmqWGSLg6FqcAmxnkBeMgVo0ZMLSFUcZsV0zFRhBpbU8WW4C5/eZV0G3X3ot64vay1mkUdZTiBUzgHF66gBTfQhg5QSOAZXuENpegFvaOPxWgJFTvH8Afo8wc+4ZHJ</latexit>

!
<latexit sha1_base64="o9ZxME9HhRnW/ucEB8E8d52FYl8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD32MB+WKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbtW9a6qtfvrSqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH101jdE=</latexit>

Rm
<latexit sha1_base64="E7IwZYCv480GGqlRh44QXw1DxO8=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7JbBXssePFYxdZCdy3ZNNuGJtklyQpl6d/w4kERr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uc79hyeqNIvlvZkmNBB4JFnECDZW8n2BzTgMs7vZoxhUa27dnQOtEq8gNSjQHlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iCbZ56hM6sMURQr+6RBc/X3RoaF1lMR2sk8o172cvE/r5+aqBlkTCapoZIsDkUpRyZGeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQbde+i3ri9rLWaRR1lOIFTOAcPrqAFN9CGDhBI4Ble4c1JnRfn3flYjJacYucY/sD5/AFB6ZHL</latexit>

!
<latexit sha1_base64="o9ZxME9HhRnW/ucEB8E8d52FYl8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD32MB+WKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSbtW9a6qtfvrSqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH101jdE=</latexit>

L�(W1,W2) = ||X �W2W1X||2 + �(||W1||2 + ||W2||2)
<latexit sha1_base64="e4DqKgD0dSKAUlTSjQeix5o/aqE="></latexit>

L(W1,W2) = ||X �W2W1X||2
<latexit sha1_base64="w5Gp6G/vR3N7ivkLLZ8xHZUORSg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoqCWJgt0IBTcuXFSwTaGtYTKd1KGTBzMToST9CDf+ihsXirh14c6/cdJmoa0HLpw5517u3ONGjAppGN9aYWFxaXmluFpaW9/Y3NK3d1oijDkmTRyykLddJAijAWlKKhlpR5wg32XEdoeXmW8/EC5oGNzKUUR6PhoE1KMYSSU5+lHXR/IeI5Zcjyu2Yx5D27EO4QVM0zY8yR6qTNhO0zvL0ctG1ZgAzhMzJ2WQo+HoX91+iGOfBBIzJETHNCLZSxCXFDMyLnVjQSKEh2hAOooGyCeil0yOGsMDpfShF3JVgYQT9fdEgnwhRr6rOrMTxKyXif95nVh6tV5CgyiWJMDTRV7MoAxhlhDsU06wZCNFEOZU/RXie8QRlirHkgrBnD15nrSsqnlatW7OyvVaHkcR7IF9UAEmOAd1cAUaoAkweATP4BW8aU/ai/aufUxbC1o+swv+QPv8Aayfm2I=</latexit>

L�
<latexit sha1_base64="IqhUYZ/ThImOjhqVgO2/xG/iWhI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRVsMuCGxcuKtgHNCFMppN26MwkzEzEEvIrblwo4tYfceffOGmz0NYDA4dz7uWeOWHCqNKO821VNja3tnequ7W9/YPDI/u43ldxKjHp4ZjFchgiRRgVpKepZmSYSIJ4yMggnN0U/uCRSEVj8aDnCfE5mggaUYy0kQK77nGkpxix7C4PPEUnHAV2w2k6C8B14pakAUp0A/vLG8c45URozJBSI9dJtJ8hqSlmJK95qSIJwjM0ISNDBeJE+dkiew7PjTKGUSzNExou1N8bGeJKzXloJoukatUrxP+8Uaqjtp9RkaSaCLw8FKUM6hgWRcAxlQRrNjcEYUlNVoinSCKsTV01U4K7+uV10m813ctm6/6q0WmXdVTBKTgDF8AF16ADbkEX9AAGT+AZvII3K7derHfrYzlascqdE/AH1ucPX32Unw==</latexit>

O 2 Ok(Rm
)

<latexit sha1_base64="czWruF/2EfTdMrBq8miJ0TyvvsA=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhlqZKCRMdKLGwtiD6kJlSO67ZWbSeyHaQq6srCr7AwgBArf8DG3+CkGaDlSJaOz7lX994TRIwq7Tjf1srq2vrGZmGruL2zu7dvHxy2VRhLTFo4ZKHsBkgRRgVpaaoZ6UaSIB4w0gkmV6nfeSBS0VDc6WlEfI5Ggg4pRtpIfRs2oEcF9DjSY8mTxqw/KWefIEhuZ/f8rG+XnIqTAS4TNyclkKPZt7+8QYhjToTGDCnVc51I+wmSmmJGZkUvViRCeIJGpGeoQJwoP8kumcFTowzgMJTmCQ0z9XdHgrhSUx6YynRJteil4n9eL9bDmp9QEcWaCDwfNIwZ1CFMY4EDKgnWbGoIwpKaXSEeI4mwNuEVTQju4snLpF2tuOeV6s1FqV7L4yiAY3ACysAFl6AOrkETtAAGj+AZvII368l6sd6tj3npipX3HIE/sD5/AOSrmc0=</latexit>

L�
<latexit sha1_base64="IqhUYZ/ThImOjhqVgO2/xG/iWhI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRVsMuCGxcuKtgHNCFMppN26MwkzEzEEvIrblwo4tYfceffOGmz0NYDA4dz7uWeOWHCqNKO821VNja3tnequ7W9/YPDI/u43ldxKjHp4ZjFchgiRRgVpKepZmSYSIJ4yMggnN0U/uCRSEVj8aDnCfE5mggaUYy0kQK77nGkpxix7C4PPEUnHAV2w2k6C8B14pakAUp0A/vLG8c45URozJBSI9dJtJ8hqSlmJK95qSIJwjM0ISNDBeJE+dkiew7PjTKGUSzNExou1N8bGeJKzXloJoukatUrxP+8Uaqjtp9RkaSaCLw8FKUM6hgWRcAxlQRrNjcEYUlNVoinSCKsTV01U4K7+uV10m813ctm6/6q0WmXdVTBKTgDF8AF16ADbkEX9AAGT+AZvII3K7derHfrYzlascqdE/AH1ucPX32Unw==</latexit>

X = U⌃V T
<latexit sha1_base64="RzT8hwjlS04nhjdMO1ytmiG5CHk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mqYC9CwYvHik1baGPZbDft0s0m7G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHCmdKO820VNja3tneKu6W9/YPDI/v4pKXiVBLqkZjHshNgRTkT1NNMc9pJJMVRwGk7GN/N/faESsVi0dTThPoRHgoWMoK1kfq23UG3yEO9RzaMMGo9Nft22ak4C6B14uakDDkaffurN4hJGlGhCcdKdV0n0X6GpWaE01mplyqaYDLGQ9o1VOCIKj9bXD5DF0YZoDCWpoRGC/X3RIYjpaZRYDojrEdq1ZuL/3ndVIc1P2MiSTUVZLkoTDnSMZrHgAZMUqL51BBMJDO3IjLCEhNtwiqZENzVl9dJq1pxryrVh+tyvZbHUYQzOIdLcOEG6nAPDfCAwASe4RXerMx6sd6tj2VrwcpnTuEPrM8fI02SBA==</latexit>

�2
1 > · · · > �2

k > �
<latexit sha1_base64="dp/3Lejy0u+MpbBwScbFyQ1DrpI=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQxMNop+BOMvDicYJ7gbWWNE23sDQtSSqMsu/gxa/ixYMiXr1489uYrj3o5h8CP/7P8yR5/n7CqFSW9W1UVlbX1jeqm7Wt7Z3dPXP/oCfjVGDSxTGLxcBHkjDKSVdRxcggEQRFPiN9f3Kd1/sPREga8zs1TYgboRGnIcVIacszzxxJRxHy7PsmvIIODmIlcyjcSeEyfV+APLNuNay54DLYJdRBqY5nfjlBjNOIcIUZknJoW4lyMyQUxYzMak4qSYLwBI3IUCNHEZFuNt9pBk+0E8AwFvpwBefu74kMRVJOI193RkiN5WItN/+rDVMVttyM8iRVhOPioTBlUMUwDwgGVBCs2FQDwoLqv0I8RgJhpWOs6RDsxZWXodds2OeN5u1Fvd0q46iCI3AMToENLkEb3IAO6AIMHsEzeAVvxpPxYrwbH0VrxShnDsEfGZ8/902cTQ==</latexit>

u1
<latexit sha1_base64="9ZzwueT3KC536pSpP8o0/f3ZczQ=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwaxPLoI1lguYCyRJnJ7PJkNnZZeasEJY8go2FIrY+kZ2Nz+LkUmjiDwMf/zmHOecPEikMuu6Xk1tb39jcym8Xdnb39g+Kh0dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZlpvPXJtRKzucZxwP6IDJULBKFrrLu15vWLJLbszkVXwFlCqntS/HwCg1it+dvsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHoqIRN342W3VCzq3TJ2Gs7VNIZu7viYxGxoyjwHZGFIdmuTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzK9m/SF5gzl2AJlWthdCRtSTRnadAo2BG/55FVoXpY9y3WbxjXMlYdTOIML8KACVbiFGjSAwQCe4AVeHek8O2/O+7w15yxmjuGPnI8flHiPfg==</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="E2ptY24py+LTMKplALmfbdrZyPQ=">AAAB6nicbZBNTwIxEIan+IX4hXr00khMPJFdL3okevGIUZAENqRbZqGh2920XROy4Sd48aAxXv1F3vw3FtiDgm/S5Mk7M+nMG6ZSGOt536S0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiOyEzKIXClhVWYifVyOJQ4mM4vpnVH59QG5GoBztJMYjZUIlIcGaddZ/1/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroKcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fOfVGtdFHGU4gVM4Bx8uoQG30IQWcBjCM7zCG5HkhbyTj0VriRQzx/BH5PMHBeCNmQ==</latexit>

u2
<latexit sha1_base64="EhpGO/1dG2gaZFvEGy5iEfMi5Ic=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLoI1lAiYRkiXOTmaTITOzy1yEsOQVbCwUsfWF7Gx8FmeTFJr4w8DHf85hzvmjlDNtfP/LK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqj7CGvKmaQtwwyn96miWEScdqLxTV7vPFKlWSLvzCSlocBDyWJGsMkt26+V+uWKX/VnQqsQLKBSP2l+PwBAo1/+7A0SYgWVhnCsdTfwUxNmWBlGOJ2WelbTFJMxHtKuQ4kF1WE223WKzp0zQHGi3JMGzdzfExkWWk9E5DoFNiO9XMvN/2pda+KrMGMytYZKMv8othyZBOWHowFTlBg+cYCJYm5XREZYYWJcPHkIwfLJq9CuVQPHTZfGNcxVhFM4gwsI4BLqcAsNaAGBETzBC7x6wnv23rz3eWvBW8wcwx95Hz/LEo+T</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="fa8xxA47gqMQ/rht2fHYYblS+YA=">AAAB63icbZBNSwMxEIZn/az1q+rRS7AInspuL3osevFYwX5Au5RsOm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpC4OGdGTLzRongxvr+t7exubW9s1vaK+8fHB4dV05O2yZONcMWi0WsuxE1KLjCluVWYDfRSGUksBNN7/J65wm14bF6tLMEQ0nHio84oza30kG9PKhU/Zq/EFmHoIAqFGoOKl/9YcxSicoyQY3pBX5iw4xqy5nAebmfGkwom9Ix9hwqKtGE2WLXObl0zpCMYu2esmTh/p7IqDRmJiPXKamdmNVabv5X66V2dBNmXCWpRcWWH41SQWxM8sPJkGtkVswcUKa525WwCdWUWRdPHkKwevI6tOu1wPGDX23cFnGU4Bwu4AoCuIYG3EMTWsBgAs/wCm+e9F68d+9j2brhFTNn8Efe5w88eo2u</latexit>

R
<latexit sha1_base64="PzkBCrrM0rbRb0JopxnzsX5vZ9Y=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcVesB1KJs20oZlkSDJCGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuX15gNVmklxZ0YJDWLcFyxiBBtr3XdibAZhmN2Ou6WyV/EmQovgz6B88emePwJArVv66vQkSWMqDOFY67bvJSbIsDKMcDp2O6mmCSZD3KdtiwLHVAfZJPEYHVmnhyKp7BMGTdzfExmOtR7Foe3ME+r5Wm7+V2unJjoLMiaS1FBBph9FKUdGonx91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOVq5cwVREO4BCOwYdTqMI11KAOBAQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/K2iSuw==</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="QF7yH0FDMefiXM6IFYAzzuW/7wM=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSyIPkQbVY7rtFYdJ7JvkKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2IlYPOE24H9GREqFgFK302I8ojoMgu58NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6tNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+ALwhkO4=</latexit>

�2
1<latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit><latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit><latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit><latexit sha1_base64="hbCMsTMT11GqbVVXOZa/2+203WE=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9P3HWr9c8areXHgV/BwqkKvRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF2Hikhmgmy+8RSfOWeAo1i7pyyeu78nMiKNmcjQdUpiR2a5NjP/q3VTG10FGVdJapmii4+iVGAb49n5eMA1o1ZMHBCqudsV0xHRhFoXUsmF4C+fvAqtWtV3fHdRqV/ncRThBE7hHHy4hDrcQgOaQEHBM7zCGzLoBb2jj0VrAeUzx/BH6PMH8FSQaw==</latexit>

�2
2<latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit><latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit><latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit><latexit sha1_base64="xdwm+ERBEPX/4NaY6SlFdaSwJxo=">AAAB8XicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZIuiy6MZlBXvBdiyZNNOGJpkhyQhl6Fu4caGIW9/GnW9j2s5CW38IfPznHHLOHyaCG+t536iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45tZvf3EtOGxureThAWSDBWPOCXWWQ89w4eS9GuPtX654lW9ufAq+DlUIFejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLoOFZHMBNl84yk+c84AR7F2T1k8d39PZEQaM5Gh65TEjsxybWb+V+umNroKMq6S1DJFFx9FqcA2xrPz8YBrRq2YOCBUc7crpiOiCbUupJILwV8+eRVatarv+O6iUr/O4yjCCZzCOfhwCXW4hQY0gYKCZ3iFN2TQC3pHH4vWAspnjuGP0OcP8dqQbA==</latexit>

LX
<latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit> �rLX

<latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit>

Gr1(R2)
<latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit><latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit><latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit><latexit sha1_base64="CP0B0VD9KYj7CWuePROhtuRBvRA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYICxIPqQ2hA5rtNadZzIdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPFzEqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+bXmZ+74EISUN+p2YRcQI05tSnGCktuWZ1GCA1EUFyJVLXruc/z0tu0/vmiWvWrIaVAy4TuyA1UKDtml/DUYjjgHCFGZJyYFuRchIkFMWMpJVhLEmE8BSNyUBTjgIinSQ/IoXHWhlBPxT6cQVz9XdHggIpZ4GnK7Ml5aKXif95g1j5505CeRQrwvF8kB8zqEKYJQJHVBCs2EwThAXVu0I8QQJhpXOr6BDsxZOXSbfZsDW/Oa21Loo4yqAKjkAd2OAMtMA1aIMOwOARPINX8GY8GS/Gu/ExLy0ZRc8h+APj8wdGkJfU</latexit>

0
<latexit sha1_base64="WClIGv8lhU2ZbNbY7iSfYilDnrc=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktj0qle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0rRjTs=</latexit>

1<latexit sha1_base64="eq6fM/dFdccLuAZ/qaz6g5IUpc4=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktjMqle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0xVjTw=</latexit>

X ⇢ R2
<latexit sha1_base64="D6SOwIcN2lgU1QTTEKzYA6Qx9yE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCnZZcOOyin1AG8tketMOnUzCzEQosQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEgKTRrxSHZ8ooAzAU3NNIdOLIGEPoe2P77K/PYDSMUicacnMXghGQoWMEq0kfr2UQf3VOIr0LgXEj3y/fR2el/t22Wn4syAl4mbkzLK0ejbX71BRJMQhKacKNV1nVh7KZGaUQ7TUi9REBM6JkPoGipICMpLZ/mn+NQoAxxE0jyh8Uz9vZGSUKlJ6JvJLKNa9DLxP6+b6KDmpUzEiQZB54eChGMd4awMPGASqOYTQwiVzGTFdEQkodpUVjIluItfXiatasU9r1RvLsr1Wl5HER2jE3SGXHSJ6ugaNVATUfSIntErerOerBfr3fqYjxasfOcQ/YH1+QNq6JWv</latexit> H⇤(·)

<latexit sha1_base64="nHrVyXNsKlwr6z14v66pH+tw934=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRaheii7VbDHgpceK9gPbJeSzaZtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek7u533miSjMpHsw0pn6ER4INGcHGSo+NwVW5T0JpLgfFkltxF0DrxMtICTI0B8WvfihJElFhCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVOCIaj9dXDxDF1YJ0VAqW8Kghfp7IsWR1tMosJ0RNmO96s3F/7xeYoY1P2UiTgwVZLlomHBkJJq/j0KmKDF8agkmitlbERljhYmxIRVsCN7qy+ukXa1415Xq/U2pXsviyMMZnEMZPLiFOjSgCS0gIOAZXuHN0c6L8+58LFtzTjZzCn/gfP4AUVeQAA==</latexit>

u1
<latexit sha1_base64="9ZzwueT3KC536pSpP8o0/f3ZczQ=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwaxPLoI1lguYCyRJnJ7PJkNnZZeasEJY8go2FIrY+kZ2Nz+LkUmjiDwMf/zmHOecPEikMuu6Xk1tb39jcym8Xdnb39g+Kh0dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZlpvPXJtRKzucZxwP6IDJULBKFrrLu15vWLJLbszkVXwFlCqntS/HwCg1it+dvsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHoqIRN342W3VCzq3TJ2Gs7VNIZu7viYxGxoyjwHZGFIdmuTY1/6t1Ugyv/EyoJEWu2PyjMJUEYzK9m/SF5gzl2AJlWthdCRtSTRnadAo2BG/55FVoXpY9y3WbxjXMlYdTOIML8KACVbiFGjSAwQCe4AVeHek8O2/O+7w15yxmjuGPnI8flHiPfg==</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="Q6NVUVF/4Jy1gzLGpnmoNe1NtBc=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6NliI1lgiYRkiXMTs4mQ2Znl5lZISx5BBsLRWxtfQufwM7GZ3FyKTTxh4GP/5zDnPMHieDauO6Xk1tZXVvfyG8WtrZ3dveK+wdNHaeKYYPFIlZ3AdUouMSG4UbgXaKQRoHAVjC8mtRb96g0j+WtGSXoR7QvecgZNda6Sbtet1hyy+5UZBm8OZQqR/Vv/l79qHWLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sW5Q0Qu1n01XH5NQ6PRLGyj5pyNT9PZHRSOtRFNjOiJqBXqxNzP9q7dSEl37GZZIalGz2UZgKYmIyuZv0uEJmxMgCZYrbXQkbUEWZsekUbAje4snL0Dwve5brNo0qzJSHYziBM/DgAipwDTVoAIM+PMATPDvCeXRenNdZa86ZzxzCHzlvP+W5kTo=</latexit><latexit sha1_base64="E2ptY24py+LTMKplALmfbdrZyPQ=">AAAB6nicbZBNTwIxEIan+IX4hXr00khMPJFdL3okevGIUZAENqRbZqGh2920XROy4Sd48aAxXv1F3vw3FtiDgm/S5Mk7M+nMG6ZSGOt536S0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiOyEzKIXClhVWYifVyOJQ4mM4vpnVH59QG5GoBztJMYjZUIlIcGaddZ/1/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroKcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fOfVGtdFHGU4gVM4Bx8uoQG30IQWcBjCM7zCG5HkhbyTj0VriRQzx/BH5PMHBeCNmQ==</latexit>

u2
<latexit sha1_base64="EhpGO/1dG2gaZFvEGy5iEfMi5Ic=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLoI1lAiYRkiXOTmaTITOzy1yEsOQVbCwUsfWF7Gx8FmeTFJr4w8DHf85hzvmjlDNtfP/LK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqj7CGvKmaQtwwyn96miWEScdqLxTV7vPFKlWSLvzCSlocBDyWJGsMkt26+V+uWKX/VnQqsQLKBSP2l+PwBAo1/+7A0SYgWVhnCsdTfwUxNmWBlGOJ2WelbTFJMxHtKuQ4kF1WE223WKzp0zQHGi3JMGzdzfExkWWk9E5DoFNiO9XMvN/2pda+KrMGMytYZKMv8othyZBOWHowFTlBg+cYCJYm5XREZYYWJcPHkIwfLJq9CuVQPHTZfGNcxVhFM4gwsI4BLqcAsNaAGBETzBC7x6wnv23rz3eWvBW8wcwx95Hz/LEo+T</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="WPSgRzFcm+qckNM9n2T9YMS8yFM=">AAAB63icbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmQ2Zml5lZISx5BRsLRWwtfQufwM7GZ3E2SaGJPwx8/Occ5pw/iDnTxnW/nNzG5tb2Tn63sLd/cHhUPD5p6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbrJ6554qzSJ5Z6Yx9QUeSRYygk1mJYNKYVAsuWV3LrQO3hJKtbPmN3uvfzQGxc/+MCKJoNIQjrXueW5s/BQrwwins0I/0TTGZIJHtGdRYkG1n853naFL6wxRGCn7pEFz9/dEioXWUxHYToHNWK/WMvO/Wi8x4bWfMhknhkqy+ChMODIRyg5HQ6YoMXxqARPF7K6IjLHCxNh4shC81ZPXoV0pe5abNo06LJSHc7iAK/CgCjW4hQa0gMAYHuAJnh3hPDovzuuiNecsZ07hj5y3HxxikU8=</latexit><latexit sha1_base64="fa8xxA47gqMQ/rht2fHYYblS+YA=">AAAB63icbZBNSwMxEIZn/az1q+rRS7AInspuL3osevFYwX5Au5RsOm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpC4OGdGTLzRongxvr+t7exubW9s1vaK+8fHB4dV05O2yZONcMWi0WsuxE1KLjCluVWYDfRSGUksBNN7/J65wm14bF6tLMEQ0nHio84oza30kG9PKhU/Zq/EFmHoIAqFGoOKl/9YcxSicoyQY3pBX5iw4xqy5nAebmfGkwom9Ix9hwqKtGE2WLXObl0zpCMYu2esmTh/p7IqDRmJiPXKamdmNVabv5X66V2dBNmXCWpRcWWH41SQWxM8sPJkGtkVswcUKa525WwCdWUWRdPHkKwevI6tOu1wPGDX23cFnGU4Bwu4AoCuIYG3EMTWsBgAs/wCm+e9F68d+9j2brhFTNn8Efe5w88eo2u</latexit>

u3
<latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit><latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit><latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit><latexit sha1_base64="/nP//OPC+VQ6PiUVIrj8J9Dx1QE=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPav+yXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfPwoojZ8=</latexit>

�2
1 + �2

2<latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit><latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit><latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit><latexit sha1_base64="otUPl6cQd04Daz1lFKthEfwkqYs=">AAACAHicbZBPS8MwGMbfzn9z/qt68OAlOARBGG0R9Dj04nGCm4OtK2mWbmFJW5JUGGUXv4oXD4p49WN489uYbT3o5gOBX573fUneJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSSSUKbJOGJbIdYUc5i2tRMc9pOJcUi5PQhHN1M6w+PVCqWxPd6nFJf4EHMIkawNlZgH3UVGwgcuD0PnaPi4vW8wK46NWcmtAxuAVUo1Ajsr24/IZmgsSYcK9VxnVT7OZaaEU4nlW6maIrJCA9ox2CMBVV+Pltggk6N00dRIs2JNZq5vydyLJQai9B0CqyHarE2Nf+rdTIdXfk5i9NM05jMH4oyjnSCpmmgPpOUaD42gIlk5q+IDLHERJvMKiYEd3HlZWh5Ndfw3UW1fl3EUYZjOIEzcOES6nALDWgCgQk8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AJRplRc=</latexit>

�2
1 + �2

3
<latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit><latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit><latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit><latexit sha1_base64="ItnmCYBSc39ANPSf8iBcM+2avSU=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZaYKuiy6cVnBXqCdDpk004ZmMkOSEcrQja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG6n9dYjlYrF4kGPE+pFeCBYyAjWxvLto65igwj7bq+KzlF+uehVfbvsVJyZ0DK4OZQhV923v7r9mKQRFZpwrFTHdRLtZVhqRjidlLqpogkmIzygHYMCR1R52WyBCTo1Th+FsTRHaDRzf09kOFJqHAWmM8J6qBZrU/O/WifV4bWXMZGkmgoyfyhMOdIxmqaB+kxSovnYACaSmb8iMsQSE20yK5kQ3MWVl6FZrbiG7y/LtZs8jiIcwwmcgQtXUIM7qEMDCEzgGV7hzXqyXqx362PeWrDymUP4I+vzB5XvlRg=</latexit>

�2
2 + �2

3
<latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit><latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit><latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit><latexit sha1_base64="KwUXsd31qtWsw6pc6Q0VL1HJtlc=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEiyAIZWYUdFl047KCvUA7HTJppg3NZIYkI5TSja/ixoUibn0Md76NaTsLbf0h8OU/55CcP0w5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFSSSULrJOGJbIVYUc4ErWumOW2lkuI45LQZDm+n9eYjlYol4kGPUurHuC9YxAjWxgrso45i/RgHXtdD5yi/XHS9wC47FWcmtAxuDmXIVQvsr04vIVlMhSYcK9V2nVT7Yyw1I5xOSp1M0RSTIe7TtkGBY6r88WyBCTo1Tg9FiTRHaDRzf0+McazUKA5NZ4z1QC3WpuZ/tXamo2t/zESaaSrI/KEo40gnaJoG6jFJieYjA5hIZv6KyABLTLTJrGRCcBdXXoaGV3EN31+Wqzd5HEU4hhM4AxeuoAp3UIM6EJjAM7zCm/VkvVjv1se8tWDlM4fwR9bnD5eClRk=</latexit>

R
<latexit sha1_base64="PzkBCrrM0rbRb0JopxnzsX5vZ9Y=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcVesB1KJs20oZlkSDJCGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuX15gNVmklxZ0YJDWLcFyxiBBtr3XdibAZhmN2Ou6WyV/EmQovgz6B88emePwJArVv66vQkSWMqDOFY67bvJSbIsDKMcDp2O6mmCSZD3KdtiwLHVAfZJPEYHVmnhyKp7BMGTdzfExmOtR7Foe3ME+r5Wm7+V2unJjoLMiaS1FBBph9FKUdGonx91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOVq5cwVREO4BCOwYdTqMI11KAOBAQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/K2iSuw==</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="OdbjkZowC0dGK0VhtsIL0SG6Lxc=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuq9gLtkPJpJk2NJMJSUYoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OKDnTxvO+nYXFpeWV1cKau76xubVd3Nmt6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOLvN6454qzRJxa4aSBjHuCRYxgo217toxNv0wzG5GnWLJK3tjoXnwp1A6/3DP5NuXW+0UP9vdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogGyceoUPrdFGUKPuEQWP390SGY62HcWg784R6tpab/9VaqYlOg4wJmRoqyOSjKOXIJChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV97pcoFTFSAfTiAI/DhBCpwBVWoAQEBD/AEz452Hp0X53XSuuBMZ/bgj5z3Hxz3lC8=</latexit><latexit sha1_base64="QF7yH0FDMefiXM6IFYAzzuW/7wM=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSyIPkQbVY7rtFYdJ7JvkKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2IlYPOE24H9GREqFgFK302I8ojoMgu58NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6tNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+ALwhkO4=</latexit>

LX
<latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit><latexit sha1_base64="Q6rdIaWc6SXr5jgNKX+1K/hY/HI=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wa/dK1fcqjsHWSVeTiqQo94rf3X7EU1CJg0VqHXHc2Pjp6gMp4LNSt1EsxjpGIesY6nEkGk/nYeekTOr9MkgUvZJQ+bq740UQ62nYWAns5B62cvE/7xOYgbXfsplnBgm6eLQIBHERCRrgPS5YtSIqSVIFbdZCR2hQmpsTyVbgrf85VXSvKh6lj9cVmo3eR1FOIFTOAcPrqAGd1CHBlB4gmd4hTdn4rw4787HYrTg5DvH8AfO5w/pt5It</latexit> �rLX

<latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit><latexit sha1_base64="aVoiL7eWOztaYi08IGnC9P0kCIM=">AAAB/nicbVBNS8NAFNzUr1q/ouLJy2IRvFgSEfRY9OLBQwVrC00IL9tNu3SzCbsboYSCf8WLB0W8+ju8+W/ctDlo68DCMPMeb3bClDOlHefbqiwtr6yuVddrG5tb2zv27t6DSjJJaJskPJHdEBTlTNC2ZprTbiopxCGnnXB0XfidRyoVS8S9HqfUj2EgWMQIaCMF9sGpJyDkgL0Y9JAAz28nQTew607DmQIvErckdVSiFdhfXj8hWUyFJhyU6rlOqv0cpGaE00nNyxRNgYxgQHuGCoip8vNp/Ak+NkofR4k0T2g8VX9v5BArNY5DM1mEVPNeIf7n9TIdXfo5E2mmqSCzQ1HGsU5w0QXuM0mJ5mNDgEhmsmIyBAlEm8ZqpgR3/suL5OGs4Rp+d15vXpV1VNEhOkInyEUXqIluUAu1EUE5ekav6M16sl6sd+tjNlqxyp199AfW5w+7m5VV</latexit>

Gr1(R3)
<latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit><latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit><latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit><latexit sha1_base64="0xzObas3TALKJx1ZbXXQmXMLV1w=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlioBJBgrGGAsiD6kNkSO67RW7SSyHaQqysDCr7AwgBArH8HG3+CkGaDlSJaOz7lX997jRYxKZVnfRmlpeWV1rbxe2djc2t4xd/c6MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUml5nffSBC0jC4U9OIOByNAupTjJSWXLM64EiNBU+uROra9fzneclten9y5Jo1q2HlgIvELkgNFGi55tdgGOKYk0BhhqTs21aknAQJRTEjaWUQSxIhPEEj0tc0QJxIJ8mPSOGhVobQD4V+gYK5+rsjQVzKKfd0ZbaknPcy8T+vHyv/3EloEMWKBHg2yI8ZVCHMEoFDKghWbKoJwoLqXSEeI4Gw0rlVdAj2/MmLpHPcsDW/Oa01L4o4yqAKDkAd2OAMNME1aIE2wOARPINX8GY8GS/Gu/ExKy0ZRc8++APj8wdIFZfV</latexit>

1<latexit sha1_base64="eq6fM/dFdccLuAZ/qaz6g5IUpc4=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktjMqle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0xVjTw=</latexit>

0
<latexit sha1_base64="WClIGv8lhU2ZbNbY7iSfYilDnrc=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd0YiLkFvHhMwDwgWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbJ5sVVLSgoajqprvLiwVX2rY/rLX1jc2t7cJOcXdv/+CwdHTcVVEiGXZYJCLZ96hCwUPsaK4F9mOJNPAE9rzZ9dLv3aNUPApv9TxGN6CTkPucUW2ktj0qle1KIwNZkXotJw2HOBU7QxlytEal9+E4YkmAoWaCKjVw7Fi7KZWaM4GL4jBRGFM2oxMcGBrSAJWbZocuyLlRxsSPpKlQk0z9PpHSQKl54JnOgOqp+u0txb+8QaL9KzflYZxoDNlqkZ8IoiOy/JqMuUSmxdwQyiQ3txI2pZIybbIpmhC+PiX/k2614lxWqu1auVnN4yjAKZzBBThQhybcQAs6wADhAZ7g2bqzHq0X63XVumblMyfwA9bbJ0rRjTs=</latexit>

2<latexit sha1_base64="mIde7+wrjV61V6/CRomoNr4Zr5M=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckks1N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt2kEFX0w8Hhvhpl5QcKZ0o7zYa2tb2xubZd2yrt7+weHlaPjropTSaFDYx7LfkAUcCago5nm0E8kkCjg0Atm10u/dw9SsVjc6nkCfkQmgoWMEm2ktjeqVB27kQOvSL1WkIaLXdvJUUUFWqPK+3Ac0zQCoSknSg1cJ9F+RqRmlMOiPEwVJITOyAQGhgoSgfKz/NAFPjfKGIexNCU0ztXvExmJlJpHgemMiJ6q395S/MsbpDq88jMmklSDoKtFYcqxjvHyazxmEqjmc0MIlczciumUSEK1yaZsQvj6FP9Pup7tXtpeu1ZtekUcJXSKztAFclEdNdENaqEOogjQA3pCz9ad9Wi9WK+r1jWrmDlBP2C9fQJN2Y09</latexit>

X ⇢ R3
<latexit sha1_base64="8GztNEvUcrop30paWJgJg27S43M=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyVpBbssuHFZxT6gjWUynbRDJ5MwMxFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjzpR2nG9rZXVtfWOzsFXc3tnd27cPDlsqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sdXmd9+oFKxSNzpSUy9EA8FCxjB2kh9+7iDeirxFdWoF2I98v30dnpf7dslp+zMgJaJm5MS5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOp8VeomiMyRgPaddQgUOqvHSWf4rOjDJAQSTNExrN1N8bKQ6VmoS+mcwyqkUvE//zuokOal7KRJxoKsj8UJBwpCOUlYEGTFKi+cQQTCQzWREZYYmJNpUVTQnu4peXSatSdqvlys1FqV7L6yjACZzCObhwCXW4hgY0gcAjPMMrvFlP1ov1bn3MR1esfOcI/sD6/AFsbJWw</latexit> H⇤(·)

<latexit sha1_base64="nHrVyXNsKlwr6z14v66pH+tw934=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRaheii7VbDHgpceK9gPbJeSzaZtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek7u533miSjMpHsw0pn6ER4INGcHGSo+NwVW5T0JpLgfFkltxF0DrxMtICTI0B8WvfihJElFhCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVOCIaj9dXDxDF1YJ0VAqW8Kghfp7IsWR1tMosJ0RNmO96s3F/7xeYoY1P2UiTgwVZLlomHBkJJq/j0KmKDF8agkmitlbERljhYmxIRVsCN7qy+ukXa1415Xq/U2pXsviyMMZnEMZPLiFOjSgCS0gIOAZXuHN0c6L8+58LFtzTjZzCn/gfP4AUVeQAA==</latexit>

�
<latexit sha1_base64="ly0/jgKzwuQXdVvK8ljjy/Cu3KE=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQKdllw47KCfUAbys1k0g6dTMLMRCihH+HGhSJu/R53/o3TNgttPTBwOOdc5t4TpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTlLVpIhLVC1AzwSVrG24E66WKYRwI1g0md3O/+8SU5ol8NNOU+TGOJI84RWOl7kDYaIjDStWtuQuQdeIVpAoFWsPK1yBMaBYzaahArfuemxo/R2U4FWxWHmSapUgnOGJ9SyXGTPv5Yt0ZubRKSKJE2ScNWai/J3KMtZ7GgU3GaMZ61ZuL/3n9zEQNP+cyzQyTdPlRlAliEjK/nYRcMWrE1BKkittdCR2jQmpsQ2Vbgrd68jrp1Gveda3+cFNtNoo6SnAOF3AFHtxCE+6hBW2gMIFneIU3J3VenHfnYxndcIqZM/gD5/MHOxGPdw==</latexit>

Posterior Collapse

Symmetry and Backprop

� = 0
<latexit sha1_base64="RGYERWH4rlZkp/mHrMmCFrr1WFo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNVsBuh4MZlBfuA6VAymUwbmkmG5I5Qhn6GGxeKuPVr3Pk3pu0stPVA4HDOueTeE6aCG3Ddb6e0sbm1vVPereztHxweVY9PukZlmrIOVULpfkgME1yyDnAQrJ9qRpJQsF44uZv7vSemDVfyEaYpCxIykjzmlICV/IGw0YjgW+wOqzW37i6A14lXkBoq0B5WvwaRolnCJFBBjPE9N4UgJxo4FWxWGWSGpYROyIj5lkqSMBPki5Vn+MIqEY6Vtk8CXqi/J3KSGDNNQptMCIzNqjcX//P8DOJmkHOZZsAkXX4UZwKDwvP7ccQ1oyCmlhCqud0V0zHRhIJtqWJL8FZPXifdRt27qjcermutZlFHGZ2hc3SJPHSDWugetVEHUaTQM3pFbw44L86787GMlpxi5hT9gfP5A+EOkEw=</latexit>

� = 2
<latexit sha1_base64="yKzXs5wk5YlYbRGyq2aKhlUuYr4=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwW6EghuXFewDpkPJZDJtaCYZkoxQhn6GGxeKuPVr3Pk3pu0stPVA4HDOueTeE6acaeO6305pY3Nre6e8W9nbPzg8qh6fdLXMFKEdIrlU/RBrypmgHcMMp/1UUZyEnPbCyd3c7z1RpZkUj2aa0iDBI8FiRrCxkj/gNhphdIsaw2rNrbsLoHXiFaQGBdrD6tcgkiRLqDCEY619z01NkGNlGOF0VhlkmqaYTPCI+pYKnFAd5IuVZ+jCKhGKpbJPGLRQf0/kONF6moQ2mWAz1qveXPzP8zMTN4OciTQzVJDlR3HGkZFofj+KmKLE8KklmChmd0VkjBUmxrZUsSV4qyevk26j7l3VGw/XtVazqKMMZ3AOl+DBDbTgHtrQAQISnuEV3hzjvDjvzscyWnKKmVP4A+fzB+QWkE4=</latexit>

� = 4
<latexit sha1_base64="t3DkfKKpoD9WbaG0pZ7V1g0nZSc=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaYW7EYouHFZwT5gOpRMJtOGZpIhuSOUoZ/hxoUibv0ad/6NaTsLbT0QOJxzLrn3hKngBlz329nY3Nre2S3tlfcPDo+OKyenXaMyTVmHKqF0PySGCS5ZBzgI1k81I0koWC+c3M393hPThiv5CNOUBQkZSR5zSsBK/kDYaETwLW4MK1W35i6A14lXkCoq0B5WvgaRolnCJFBBjPE9N4UgJxo4FWxWHmSGpYROyIj5lkqSMBPki5Vn+NIqEY6Vtk8CXqi/J3KSGDNNQptMCIzNqjcX//P8DOJmkHOZZsAkXX4UZwKDwvP7ccQ1oyCmlhCqud0V0zHRhIJtqWxL8FZPXifdes27rtUfGtVWs6ijhM7RBbpCHrpBLXSP2qiDKFLoGb2iNwecF+fd+VhGN5xi5gz9gfP5A+cekFA=</latexit>

X ⇢ Rm⇥n
<latexit sha1_base64="/m3Xftd1TQBwdDHULeH9nT5kUZc=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KkkV9Fjw4rGK/YAmls120y7dbMLuRCihZy/+FS8eFPHqL/Dmv3HT5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Or3G8/MKV5LO9gnDA/IgPJQ04JGKlnH3Wwp9NAM8BeRGAYBNnt5D6LsAc8YhrLSc+uOFVnCrxI3IJUUIFGz/7y+jFNIyaBCqJ113US8DOigFPBJmUv1SwhdEQGrGuoJGaPn01fmeATo/RxGCtTEvBU/T2RkUjrcRSYzvxcPe/l4n9eN4Xw0s+4TFJgks4WhanAEOM8F9znilEQY0MIVdzciumQKELBpFc2IbjzLy+SVq3qnlVrN+eVeqOIo4QO0TE6RS66QHV0jRqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDHL2alA==</latexit>

W2 ⇢ Rm⇥k
<latexit sha1_base64="NYEMEjCkGTpU3UjTn2ewM/Bu27w=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAdk1zAzmU2GzD6Y6RXCsh/gxV/x4kERr36AN//G2WQPmljQUFR1091FYyk02Pa3VVpZXVvfKG9WtrZ3dveq+wcdHSWK8TaLZKR6lGguRcjbIEDyXqw4CajkXTq5yv3uA1daROEdTGPuBWQUCl8wAkYaVGvdQQO7OqGaA3YDAmNK09vsPg2wCyLgGk8y02XX7RnwMnEKUkMFWoPqlzuMWBLwEJgkWvcdOwYvJQoEkzyruInmMWETMuJ9Q0Ni9njp7JkMnxhliP1ImQoBz9TfEykJtJ4G1HTm5+pFLxf/8/oJ+JdeKsI4AR6y+SI/kRginCeDh0JxBnJqCGFKmFsxGxNFGJj8KiYEZ/HlZdJp1J2zeuPmvNZsFXGU0RE6RqfIQReoia5RC7URQ4/oGb2iN+vJerHerY95a8kqZg7RH1ifP1ASmzU=</latexit>

W2<latexit sha1_base64="i5mhW+bwbmy0lCobiQ79cZ4CPoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD51BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtXZfrzSaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHgY42S</latexit>

W1 = W |
2

<latexit sha1_base64="tk9ZY+6A5ngVkx6KMr0vY034DAc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JUQS9CwYvHCrYptDFsttN26WYTdjdCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWHCmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVFJo05jHshsSBZwJaGumOXQTCSQKOXjh5Gbme48gFYvFvc4S8CMyEmzIKNFGCuyqF7j4GntB46HPhAZJCQ/smlN35sCrxC1IDRVoBfZXfxDTNAKhKSdK9Vwn0X5OpGaUw7TSTxUkhE7ICHqGChKB8vP58VN8apQBHsbSlNB4rv6eyEmkVBaFpjMieqyWvZn4n9dL9fDKz5lIUg2CLhYNU451jGdJ4AGTQDXPDCFUMnMrpmMiCTUpqIoJwV1+eZV0GnX3vN64u6g1W0UcZXSMTtAZctElaqJb1EJtRFGGntErerOerBfr3fpYtJasYqaK/sD6/AEX0ZPT</latexit>

X = [2]
<latexit sha1_base64="Msz0TuWqDEZU4uUYJfH9rxaTHdg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjBfshaSib7aZdursJuxuhhP4KLx4U8erP8ea/cdPmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTm5zv/tElWaxfDDThAYCjySLGMHGSo89dIN81EDBoFpz6+4caJV4BalBgdag+tUfxiQVVBrCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUslFlQH2fzgGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf88PzXRdZAxmaSGSrJYFKUcmRjl36MhU5QYPrUEE8XsrYiMscLE2IwqNgRv+eVV0mnUvYt64/6y1mwVcZThBE7hHDy4gibcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AWvrjuU=</latexit>

A B

W |
1

<latexit sha1_base64="tr6J9Y2hclAYTkroxkPe+D1Dgaw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48VbCu0sWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMTqIaAaBZfYNNwIfEgU0igQ2A5GNzO/PUaleSzvzSRBP6IDyUPOqLGS3+55j10uDSpGRa9ccavuHGSVeDmpQI5Gr/zV7ccsjVAaJqjWHc9NjJ9RZTgTOC11U40JZSM6wI6lkkao/Wx+9JScWaVPwljZkobM1d8TGY20nkSB7YyoGeplbyb+53VSE177GZdJalCyxaIwFcTEZJYA6XOFzIiJJZQpbm8lbEgVZTYFXbIheMsvr5JWrepdVGt3l5V6I4+jCCdwCufgwRXU4RYa0AQGT/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBje2SAQ==</latexit>

W1<latexit sha1_base64="X5LqBwVn0DXz4/cpdXAGzgr/OtI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD52BNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWruvVxrNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gDe342R</latexit>
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Resolution to weight transport problem:

L2-reg LAEs are symmetric at all critical pts.
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In the last decade, biology has been transformed by the ability to 
perturb and measure biological systems at massive scale. 

However, new ideas in ML are needed to translate biomedical data 
into a mechanistic understanding of biology and disease. 

Biology and ML are poised to powerfully advance one another.


