
Winter 2022 - Dan Calderone

Eigenvectors & Eigenvalues:
Linear Algebra
Major sources:



Eigenvectors & Eigenvalues

…which directions stay unchanged?  

Picture Examples: 

Square matrix:   
<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n

Eigenvalue/Eigenvector Problem 
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="4QbKe6bTVHfImjOLDBYwik4eS3U=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5dV7AM6Y8mkmTY0yQxJRihDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHN7nfeaJKs1g+mElCA4GHkkWMYGMl3xfYjMIwu58+yn615tbdGdAy8QpSgwLNfvXLH8QkFVQawrHWPc9NTJBhZRjhdFrxU00TTMZ4SHuWSiyoDrJZ5ik6scoARbGyTxo0U39vZFhoPRGhncwz6kUvF//zeqmJroKMySQ1VJL5oSjlyMQoLwANmKLE8IklmChmsyIywgoTY2uq2BK8xS8vk/ZZ3buoe3fntcZ1UUcZjuAYTsGDS2jALTShBQQSeIZXeHNS58V5dz7moyWn2DmEP3A+fwBHGZHY</latexit>

Rn transforms Eigenvectors

…within those directions…

…how much do vectors get stretched Eigenvalues

Eigenvalues:

Spans of eigenvectors (& generalized eigenvectors) are called A-invariant subspaces 

<latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2

<latexit sha1_base64="fnB62j9Uv6vX8MHteo6wAZUipws=">AAACAHicbVC7TsNAEDyHVwgvAwUFzYkIiSqyCQLKCBrKgMhDik10vpyTU84P3a2RIssNv0JDAUK0fAYdf8M5cQEJI600mtnV7o4XC67Asr6N0tLyyupaeb2ysbm1vWPu7rVVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cbXud95ZFLxKLyHSczcgAxD7nNKQEt988AJCIw8L73LHtI6doAHTOF61jerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kaEr3HTacPZPhYKwPsR1JXCHiq/p5ISaDUJPB0Z36umvdy8T+vl4B/6aY8jBNgIZ0t8hOBIcJ5GnjAJaMgJpoQKrm+FdMRkYSCzqyiQ7DnX14k7dOafV6zb8+qjasijjI6REfoBNnoAjXQDWqiFqIoQ8/oFb0ZT8aL8W58zFpLRjGzj/7A+PwBMnKWJQ==</latexit>

R3⇥3

<latexit sha1_base64="M02VgQCfFXzSUfgtw7m4E/3exCc=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi6kaounFZwT6gjWUymbRDJ5MwM9GW0P9w40IRt/6LO//GaZuFth4YOJxzD/fO8RPOlHacb6uwtLyyulZcL21sbm3v2Lt7DRWnktA6iXksWz5WlDNB65ppTluJpDjyOW36g5uJ33ykUrFY3OtRQr0I9wQLGcHaSA9XQ3SJhqjDTSLAXbvsVJwp0CJxc1KGHLWu/dUJYpJGVGjCsVJt10m0l2GpGeF0XOqkiiaYDHCPtg0VOKLKy6ZXj9GRUQIUxtI8odFU/Z3IcKTUKPLNZIR1X817E/E/r53q8MLLmEhSTQWZLQpTjnSMJhWggElKNB8Zgolk5lZE+lhiok1RJVOCO//lRdI4qbhnFffutFy9zusowgEcwjG4cA5VuIUa1IGAhGd4hTfryXqx3q2P2WjByjP78AfW5w8QWpGX</latexit>

Ax = x�

Eigenvector Equation

Eigenvector Eigenvalue
<latexit sha1_base64="TN0pZgUH6puf/0ZsScxiaR6igSw=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmIi0hv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnffaJSsUg86FlMvRCPBAsYwdpIg0p1ilwmkBtiPfb9tJk9GrFm1+050CpxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpfPsGTozyhAFkTRPaDRXf2+kOFRqFvpmMs+olr1c/M/rJzq48VIm4kRTQRaHgoQjHaG8CDRkkhLNZ4ZgIpnJisgYS0y0qatsSnCWv7xKOhd156ru3F/WGrdFHSU4gVM4BweuoQF30II2EJjCM7zCm5VZL9a79bEYXbOKnWP4A+vzB4rUlCE=</latexit>

x 2 Cn <latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C

Fundamental property of matrices 
Do not change with coordinate/similarity transformations

Eigenvectors: 
…coordinate dependent (do change with coordinate/similarity transformations)

<latexit sha1_base64="shJ7r4uxRU7zuYdhF0YR2K20IRg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9eKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWur+67JUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uwws/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL2zqnd3Wqld53EU4QAO4Rg8OIca3EIdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcWfY0S</latexit>

A =
<latexit sha1_base64="6IKjKisPVJ+o6tGi6qyn+2BKxEg=">AAACI3icbVDLSgMxFM34rOOr6tJNsCiuykwRFVetblxWsA/olCGT3rahmcyQZMQy7b+48VfcuFCKGxf+i+kD0dYDgZNz7uXee4KYM6Ud59NaWl5ZXVvPbNibW9s7u9m9/aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FALejdjv/YAUrFI3Ot+DM2QdARrM0q0kfzslRdAh4k0CImW7HFoD/AJHmDPs0u+a2jJL4w/U9X2QLR+Sv1szsk7E+BF4s5IDs1Q9rMjrxXRJAShKSdKNVwn1s2USM0oh6HtJQpiQnukAw1DBQlBNdPJjUN8bJQWbkfSPKHxRP3dkZJQqX4YmEqzX1fNe2PxP6+R6PZlM2UiTjQIOh3UTjjWER4HhltMAtW8bwihkpldMe0SSag2sdomBHf+5EVSLeTd87x7d5YrXs/iyKBDdIROkYsuUBHdojKqIIqe0At6Q+/Ws/VqjayPaemSNes5QH9gfX0DKpihhA==</latexit>2

4
| |
A1 A2

| |

3

5
<latexit sha1_base64="9uip4QfVUQb1nSxBbb8rpTW1gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55Q/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq3v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH06mjdE=</latexit>2

<latexit sha1_base64="9uip4QfVUQb1nSxBbb8rpTW1gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55Q/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq3v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH06mjdE=</latexit>2<latexit sha1_base64="shJ7r4uxRU7zuYdhF0YR2K20IRg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9eKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWur+67JUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uwws/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL2zqnd3Wqld53EU4QAO4Rg8OIca3EIdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzcWfY0S</latexit>

A =

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cqvm5IfWh7A4GEWWqPC4IdCcn/4=">AAACL3icbVBLSwMxEM76rOur6tFLsCieyq6KemwVxGMF+4BuWbLptA3NZpckK5Zt/5EX/0ovIop49V+Ytov4Gpjw5ftmmJkviDlT2nGerbn5hcWl5dyKvbq2vrGZ39quqSiRFKo04pFsBEQBZwKqmmkOjVgCCQMO9aB/OdHrdyAVi8StHsTQCklXsA6jRBvKz195AXSZSIOQaMnuR/YQH2CTQ+x5dtl3za/sH03f4wmVyXhoeyDaX21+vuAUnWngv8DNQAFlUfHzY68d0SQEoSknSjVdJ9atlEjNKIeR7SUKYkL7pAtNAwUJQbXS6b0jvG+YNu5E0qTQeMp+70hJqNQgDEyl2a+nfmsT8j+tmejOeStlIk40CDob1Ek41hGemIfbTALVfGAAoZKZXTHtEUmoNhbbxgT398l/Qe2o6J4W3ZuTQukisyOHdtEeOkQuOkMldI0qqIooekBj9IJerUfryXqz3melc1bWs4N+hPXxCeMvpLk=</latexit>2

4
| | |
A1 A2 A3

| | |

3

5

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3



Eigenvector/Eigenvalue equation

Picture 
Examples: 

Square matrix:   <latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n

Right Eigenvector: <latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�
<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0
<latexit sha1_base64="dZUw7xVv5KDleudWPe+0o+FMkyQ=">AAACD3icbVDLSgMxFM34rPU16tJNsChVsMyIqBuh6kZBpIJ9QKctmTTThmYyQ5JRytA/cOOvuHGhiFu37vwbM+0stPVA4HDOvTf3HjdkVCrL+jampmdm5+YzC9nFpeWVVXNtvSKDSGBSxgELRM1FkjDKSVlRxUgtFAT5LiNVt3eR+NV7IiQN+J3qh6Thow6nHsVIaall7jw096BDOXR8pLoYsfhm0LzOn+07TA9pI3i1C0+h1TJzVsEaAk4SOyU5kKLUMr+cdoAjn3CFGZKybluhasRIKIoZGWSdSJIQ4R7qkLqmHPlENuLhPQO4rZU29AKhH1dwqP7uiJEvZd93dWWytRz3EvE/rx4p76QRUx5GinA8+siLGFQBTMKBbSoIVqyvCcKC6l0h7iKBsNIRZnUI9vjJk6RyULCPCvbtYa54nsaRAZtgC+SBDY5BEVyCEigDDB7BM3gFb8aT8WK8Gx+j0ikj7dkAf2B8/gBpZ5pX</latexit>

w⇤ 2 NL(A� �I) = 0

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn

<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

<latexit sha1_base64="gle5ir+YKHuz04E3juyV93UAhrw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZERF1W3ehGKtgHNKFMJpN26GQSZiaFErpz46+4caGIW3/BnX/jpM1CWw8MHM659869x4sZlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGWUCEwaOGKRaHtIEkY5aSiqGGnHgqDQY6TlDa4zvzUkQtKIP6hRTNwQ9TgNKEZKS11zfwgdyqETItXHiKV348rlscP0AB/B26OuWbaq1gRwntg5KYMc9a755fgRTkLCFWZIyo5txcpNkVAUMzIuOYkkMcID1CMdTTkKiXTTyR1jeKgVHwaR0I8rOFF/d6QolHIUeroy21fOepn4n9dJVHDhppTHiSIcTz8KEgZVBLNQoE8FwYqNNEFYUL0rxH0kEFY6upIOwZ49eZ40T6r2WdW+Py3XrvI4imAPHIAKsME5qIEbUAcNgMEjeAav4M14Ml6Md+NjWlow8p5d8AfG5w8Q8Jgn</latexit>

v 2 N (A� �I)

For any eigenvalue, right and left eigenvectors come in pairs 
since                drops row and column rank at the same time

<latexit sha1_base64="ioZxwXjJEJpNBbejWcCcK4rUWZ0=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHcWGZE1GXVje4q2Ad0hpLJZNrQJDMkGaEM/Q03LhRx68+4829M21lo64HA4ZxzuTcnTDnTxnW/naXlldW19dJGeXNre2e3srff0kmmCG2ShCeqE2JNOZO0aZjhtJMqikXIaTsc3k789hNVmiXy0YxSGgjclyxmBBsr+denyOc2HWF036tU3Zo7BVokXkGqUKDRq3z5UUIyQaUhHGvd9dzUBDlWhhFOx2U/0zTFZIj7tGupxILqIJ/ePEbHVolQnCj7pEFT9fdEjoXWIxHapMBmoOe9ifif181MfBXkTKaZoZLMFsUZRyZBkwJQxBQlho8swUQxeysiA6wwMbamsi3Bm//yImmd1byLmvdwXq3fFHWU4BCO4AQ8uIQ63EEDmkAghWd4hTcnc16cd+djFl1yipkD+APn8wd5QpCs</latexit>

A� �I

Eigenvectors exist only for values of s where                drops rank…
<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

…how to characterize….
<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0

<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

 solution toRoots are eigenvalues: 
<latexit sha1_base64="g6hJkZ+tnCydpVsO/zwees9SYPs=">AAAB73icbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC20oWw2m3bpZhN3X4QS+ie8eFDEq3/Hm//GbZuDtg4sDDPz2PcmSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnZ600ZCSfrXm1t0ZyDLxClKDAs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXUsVjbnx89m+E3JilZBEibZPIZmpvydyGhszjgObjCkOzaI3Ff/zuhlGV34uVJohV2z+UZRJggmZHk9CoTlDObaEMi3sroQNqaYMbUUVW4K3ePIyaZ/VvYu6d3dea1wXdZThCI7hFDy4hAbcQhNawEDCM7zCm/PovDjvzsc8WnKKmUP4A+fzB5bqj60=</latexit>

�
<latexit sha1_base64="V9qf0crJtOP5uLsEyH3fTIxjM90=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZRERN0IVTcuK9gHtCFMppN26OTBzI1YQ/FX3LhQxK3/4c6/cdJmoa0HLhzOuZd77/FiwRVY1rdRWFhcWl4prpbW1jc2t8ztnaaKEklZg0Yikm2PKCZ4yBrAQbB2LBkJPMFa3vA681v3TCoehXcwipkTkH7IfU4JaMk197rAHiClAyLH7mVFHeELbLlm2apaE+B5YuekjHLUXfOr24toErAQqCBKdWwrBiclEjgVbFzqJorFhA5Jn3U0DUnAlJNOrh/jQ630sB9JXSHgifp7IiWBUqPA050BgYGa9TLxP6+TgH/upDyME2AhnS7yE4EhwlkUuMcloyBGmhAqub4VZzkQCjqwkg7Bnn15njSPq/Zp1b49Kdeu8jiKaB8doAqy0RmqoRtURw1E0SN6Rq/ozXgyXox342PaWjDymV30B8bnD/v0lEE=</latexit>

charA(s) = 0

n-th order polynomial  n roots

Fundamental

Theorem of Algebra

COLUMN GEOMETRY

ROW GEOMETRY

(see below)

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1
<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="pQHaG41NC/CnT2NtYZtm2aLYRww=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8bAyrNbfu5kCrxCtIDQq0htWvQRiTVFBpCMda9z03MX6GlWGE01llkGqaYDLBI9q3VGJBtZ/lC8/QmVVCFMXKPmlQrv6eyLDQeioCmxTYjPWyNxf/8/qpia79jMkkNVSSxUdRypGJ0fx6FDJFieFTSzBRzO6KyBgrTIztqGJL8JZPXiWdRt27rHv3F7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w9qS5Ao</latexit>

�2

<latexit sha1_base64="pOF+Z9H6CtXncYIlXgnv/Dnna9o=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IRUY9FLx4r2Fppl5LNZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWwcCw8w88t6EqeDG+v63V1pZXVvfKG9WtrZ3dveq+wdtk2SashZNRKI7ITFMcMVallvBOqlmRIaCPYSjm6n/8MS04Ym6t+OUBZIMFI85JdZJjz3hohHp43615tf9GdAywQWpQYFmv/rVixKaSaYsFcSYLvZTG+REW04Fm1R6mWEpoSMyYF1HFZHMBPls4Qk6cUqE4kS7pyyaqb8nciKNGcvQJSWxQ7PoTcX/vG5m46sg5yrNLFN0/lGcCWQTNL0eRVwzasXYEUI1d7siOiSaUOs6qrgS8OLJy6R9VscXdXx3XmtcF3WU4QiO4RQwXEIDbqEJLaAg4Rle4c3T3ov37n3MoyWvmDmEP/A+fwBox5An</latexit>

�1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="pQHaG41NC/CnT2NtYZtm2aLYRww=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8bAyrNbfu5kCrxCtIDQq0htWvQRiTVFBpCMda9z03MX6GlWGE01llkGqaYDLBI9q3VGJBtZ/lC8/QmVVCFMXKPmlQrv6eyLDQeioCmxTYjPWyNxf/8/qpia79jMkkNVSSxUdRypGJ0fx6FDJFieFTSzBRzO6KyBgrTIztqGJL8JZPXiWdRt27rHv3F7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w9qS5Ao</latexit>

�2

<latexit sha1_base64="pOF+Z9H6CtXncYIlXgnv/Dnna9o=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IRUY9FLx4r2Fppl5LNZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWwcCw8w88t6EqeDG+v63V1pZXVvfKG9WtrZ3dveq+wdtk2SashZNRKI7ITFMcMVallvBOqlmRIaCPYSjm6n/8MS04Ym6t+OUBZIMFI85JdZJjz3hohHp43615tf9GdAywQWpQYFmv/rVixKaSaYsFcSYLvZTG+REW04Fm1R6mWEpoSMyYF1HFZHMBPls4Qk6cUqE4kS7pyyaqb8nciKNGcvQJSWxQ7PoTcX/vG5m46sg5yrNLFN0/lGcCWQTNL0eRVwzasXYEUI1d7siOiSaUOs6qrgS8OLJy6R9VscXdXx3XmtcF3WU4QiO4RQwXEIDbqEJLaAg4Rle4c3T3ov37n3MoyWvmDmEP/A+fwBox5An</latexit>

�1



<latexit sha1_base64="fnB62j9Uv6vX8MHteo6wAZUipws=">AAACAHicbVC7TsNAEDyHVwgvAwUFzYkIiSqyCQLKCBrKgMhDik10vpyTU84P3a2RIssNv0JDAUK0fAYdf8M5cQEJI600mtnV7o4XC67Asr6N0tLyyupaeb2ysbm1vWPu7rVVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cbXud95ZFLxKLyHSczcgAxD7nNKQEt988AJCIw8L73LHtI6doAHTOF61jerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kaEr3HTacPZPhYKwPsR1JXCHiq/p5ISaDUJPB0Z36umvdy8T+vl4B/6aY8jBNgIZ0t8hOBIcJ5GnjAJaMgJpoQKrm+FdMRkYSCzqyiQ7DnX14k7dOafV6zb8+qjasijjI6REfoBNnoAjXQDWqiFqIoQ8/oFb0ZT8aL8W58zFpLRjGzj/7A+PwBMnKWJQ==</latexit>

R3⇥3

Picture 
Examples: 

Square matrix:   <latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n

Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�
<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0
<latexit sha1_base64="dZUw7xVv5KDleudWPe+0o+FMkyQ=">AAACD3icbVDLSgMxFM34rPU16tJNsChVsMyIqBuh6kZBpIJ9QKctmTTThmYyQ5JRytA/cOOvuHGhiFu37vwbM+0stPVA4HDOvTf3HjdkVCrL+jampmdm5+YzC9nFpeWVVXNtvSKDSGBSxgELRM1FkjDKSVlRxUgtFAT5LiNVt3eR+NV7IiQN+J3qh6Thow6nHsVIaall7jw096BDOXR8pLoYsfhm0LzOn+07TA9pI3i1C0+h1TJzVsEaAk4SOyU5kKLUMr+cdoAjn3CFGZKybluhasRIKIoZGWSdSJIQ4R7qkLqmHPlENuLhPQO4rZU29AKhH1dwqP7uiJEvZd93dWWytRz3EvE/rx4p76QRUx5GinA8+siLGFQBTMKBbSoIVqyvCcKC6l0h7iKBsNIRZnUI9vjJk6RyULCPCvbtYa54nsaRAZtgC+SBDY5BEVyCEigDDB7BM3gFb8aT8WK8Gx+j0ikj7dkAf2B8/gBpZ5pX</latexit>

w⇤ 2 NL(A� �I) = 0

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn

<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

<latexit sha1_base64="gle5ir+YKHuz04E3juyV93UAhrw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZERF1W3ehGKtgHNKFMJpN26GQSZiaFErpz46+4caGIW3/BnX/jpM1CWw8MHM659869x4sZlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGWUCEwaOGKRaHtIEkY5aSiqGGnHgqDQY6TlDa4zvzUkQtKIP6hRTNwQ9TgNKEZKS11zfwgdyqETItXHiKV348rlscP0AB/B26OuWbaq1gRwntg5KYMc9a755fgRTkLCFWZIyo5txcpNkVAUMzIuOYkkMcID1CMdTTkKiXTTyR1jeKgVHwaR0I8rOFF/d6QolHIUeroy21fOepn4n9dJVHDhppTHiSIcTz8KEgZVBLNQoE8FwYqNNEFYUL0rxH0kEFY6upIOwZ49eZ40T6r2WdW+Py3XrvI4imAPHIAKsME5qIEbUAcNgMEjeAav4M14Ml6Md+NjWlow8p5d8AfG5w8Q8Jgn</latexit>

v 2 N (A� �I)

For any eigenvalue, right and left eigenvectors come in pairs 
since                drops row and column rank at the same time

<latexit sha1_base64="ioZxwXjJEJpNBbejWcCcK4rUWZ0=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHcWGZE1GXVje4q2Ad0hpLJZNrQJDMkGaEM/Q03LhRx68+4829M21lo64HA4ZxzuTcnTDnTxnW/naXlldW19dJGeXNre2e3srff0kmmCG2ShCeqE2JNOZO0aZjhtJMqikXIaTsc3k789hNVmiXy0YxSGgjclyxmBBsr+denyOc2HWF036tU3Zo7BVokXkGqUKDRq3z5UUIyQaUhHGvd9dzUBDlWhhFOx2U/0zTFZIj7tGupxILqIJ/ePEbHVolQnCj7pEFT9fdEjoXWIxHapMBmoOe9ifif181MfBXkTKaZoZLMFsUZRyZBkwJQxBQlho8swUQxeysiA6wwMbamsi3Bm//yImmd1byLmvdwXq3fFHWU4BCO4AQ8uIQ63EEDmkAghWd4hTcnc16cd+djFl1yipkD+APn8wd5QpCs</latexit>

A� �I

Eigenvectors exist only for values of s where                drops rank…
<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

…how to characterize….
<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0

<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

 solution toRoots are eigenvalues: 
<latexit sha1_base64="g6hJkZ+tnCydpVsO/zwees9SYPs=">AAAB73icbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC20oWw2m3bpZhN3X4QS+ie8eFDEq3/Hm//GbZuDtg4sDDPz2PcmSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnZ600ZCSfrXm1t0ZyDLxClKDAs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXUsVjbnx89m+E3JilZBEibZPIZmpvydyGhszjgObjCkOzaI3Ff/zuhlGV34uVJohV2z+UZRJggmZHk9CoTlDObaEMi3sroQNqaYMbUUVW4K3ePIyaZ/VvYu6d3dea1wXdZThCI7hFDy4hAbcQhNawEDCM7zCm/PovDjvzsc8WnKKmUP4A+fzB5bqj60=</latexit>

�
<latexit sha1_base64="V9qf0crJtOP5uLsEyH3fTIxjM90=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZRERN0IVTcuK9gHtCFMppN26OTBzI1YQ/FX3LhQxK3/4c6/cdJmoa0HLhzOuZd77/FiwRVY1rdRWFhcWl4prpbW1jc2t8ztnaaKEklZg0Yikm2PKCZ4yBrAQbB2LBkJPMFa3vA681v3TCoehXcwipkTkH7IfU4JaMk197rAHiClAyLH7mVFHeELbLlm2apaE+B5YuekjHLUXfOr24toErAQqCBKdWwrBiclEjgVbFzqJorFhA5Jn3U0DUnAlJNOrh/jQ630sB9JXSHgifp7IiWBUqPA050BgYGa9TLxP6+TgH/upDyME2AhnS7yE4EhwlkUuMcloyBGmhAqub4VZzkQCjqwkg7Bnn15njSPq/Zp1b49Kdeu8jiKaB8doAqy0RmqoRtURw1E0SN6Rq/ozXgyXox342PaWjDymV30B8bnD/v0lEE=</latexit>

charA(s) = 0

n-th order polynomial  n roots

Fundamental

Theorem of Algebra

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1
<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="XzAfCEsS0gYtWqKlaA4mWO5lE4g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxkp+s3vxWO+Wym7FnYEsEy8nZchR65a+Or2EZTFKwwTVuu25qQnGVBnOBE6KnUxjStmQ9rFtqaQx6mA8O3ZCTq3SI1GibElDZurviTGNtR7Foe2MqRnoRW8q/ue1MxPdBGMu08ygZPNFUSaIScj0c9LjCpkRI0soU9zeStiAKsqMzadoQ/AWX14mjfOKd1XxHi7L1ds8jgIcwwmcgQfXUIV7qIEPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OEOOTQ==</latexit>

WT
3

<latexit sha1_base64="XzAfCEsS0gYtWqKlaA4mWO5lE4g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxkp+s3vxWO+Wym7FnYEsEy8nZchR65a+Or2EZTFKwwTVuu25qQnGVBnOBE6KnUxjStmQ9rFtqaQx6mA8O3ZCTq3SI1GibElDZurviTGNtR7Foe2MqRnoRW8q/ue1MxPdBGMu08ygZPNFUSaIScj0c9LjCpkRI0soU9zeStiAKsqMzadoQ/AWX14mjfOKd1XxHi7L1ds8jgIcwwmcgQfXUIV7qIEPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OEOOTQ==</latexit>

WT
3

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="ktzp3U5+tyq4m3aYiItV/mgulA0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxko+7V481rulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuaoIxVYYzgZNiJ9OYUjakfWxbKmmMOhjPjp2QU6v0SJQoW9KQmfp7YkxjrUdxaDtjagZ60ZuK/3ntzEQ3wZjLNDMo2XxRlAliEjL9nPS4QmbEyBLKFLe3EjagijJj8ynaELzFl5dJ47ziXVW8h8ty9TaPowDHcAJn4ME1VOEeauADAw7P8ApvjnRenHfnY9664uQzR/AHzucPR5OOVw==</latexit>

aT3

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="KNzUngEZtJgUQJ0fDXKOarz3St0=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYDuFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2a2pOJUUqjTmsayHRAFnAqqaaQ71RAKJQg5e2Lsa+d4dSMVicav7CTQj0hGszSjRRgryF34IHSayMCJasvshtgf4CA+w79te4BrqBaXRZ6LaPojWT22QLzhFZww8T9wpKaApKkH+zW/FNI1AaMqJUg3XSXQzI1IzymFo+6mChNAe6UDDUEEiUM1sfOQQHxqlhduxNE9oPFZ/d2QkUqofhabS7NdVs95I/M9rpLp93syYSFINgk4GtVOOdYxHieEWk0A17xtCqGRmV0y7RBKqTa62CcGdPXme1EpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdPpodo=</latexit>2

4
| |

W1 W2

| |

3

5

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="KNzUngEZtJgUQJ0fDXKOarz3St0=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYDuFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2a2pOJUUqjTmsayHRAFnAqqaaQ71RAKJQg5e2Lsa+d4dSMVicav7CTQj0hGszSjRRgryF34IHSayMCJasvshtgf4CA+w79te4BrqBaXRZ6LaPojWT22QLzhFZww8T9wpKaApKkH+zW/FNI1AaMqJUg3XSXQzI1IzymFo+6mChNAe6UDDUEEiUM1sfOQQHxqlhduxNE9oPFZ/d2QkUqofhabS7NdVs95I/M9rpLp93syYSFINgk4GtVOOdYxHieEWk0A17xtCqGRmV0y7RBKqTa62CcGdPXme1EpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdPpodo=</latexit>2

4
| |

W1 W2

| |

3

5

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="KNzUngEZtJgUQJ0fDXKOarz3St0=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYDuFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2a2pOJUUqjTmsayHRAFnAqqaaQ71RAKJQg5e2Lsa+d4dSMVicav7CTQj0hGszSjRRgryF34IHSayMCJasvshtgf4CA+w79te4BrqBaXRZ6LaPojWT22QLzhFZww8T9wpKaApKkH+zW/FNI1AaMqJUg3XSXQzI1IzymFo+6mChNAe6UDDUEEiUM1sfOQQHxqlhduxNE9oPFZ/d2QkUqofhabS7NdVs95I/M9rpLp93syYSFINgk4GtVOOdYxHieEWk0A17xtCqGRmV0y7RBKqTa62CcGdPXme1EpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdPpodo=</latexit>2

4
| |

W1 W2

| |

3

5

<latexit sha1_base64="OFrxT9xHRoiidYV8OVUneIDUDJk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7N33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPc1Y2G</latexit>

V3

<latexit sha1_base64="OFrxT9xHRoiidYV8OVUneIDUDJk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7N33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPc1Y2G</latexit>

V3

<latexit sha1_base64="OFrxT9xHRoiidYV8OVUneIDUDJk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7N33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPc1Y2G</latexit>

V3

COLUMN GEOMETRY

ROW GEOMETRY

(see below)

Eigenvector/Eigenvalue equation



ROW 
GEOMETRY

Eigenvector/Eigenvalue Picture

COLUMN 
GEOMETRY

Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="6IKjKisPVJ+o6tGi6qyn+2BKxEg=">AAACI3icbVDLSgMxFM34rOOr6tJNsCiuykwRFVetblxWsA/olCGT3rahmcyQZMQy7b+48VfcuFCKGxf+i+kD0dYDgZNz7uXee4KYM6Ud59NaWl5ZXVvPbNibW9s7u9m9/aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FALejdjv/YAUrFI3Ot+DM2QdARrM0q0kfzslRdAh4k0CImW7HFoD/AJHmDPs0u+a2jJL4w/U9X2QLR+Sv1szsk7E+BF4s5IDs1Q9rMjrxXRJAShKSdKNVwn1s2USM0oh6HtJQpiQnukAw1DBQlBNdPJjUN8bJQWbkfSPKHxRP3dkZJQqX4YmEqzX1fNe2PxP6+R6PZlM2UiTjQIOh3UTjjWER4HhltMAtW8bwihkpldMe0SSag2sdomBHf+5EVSLeTd87x7d5YrXs/iyKBDdIROkYsuUBHdojKqIIqe0At6Q+/Ws/VqjayPaemSNes5QH9gfX0DKpihhA==</latexit>2

4
| |
A1 A2

| |

3

5

<latexit sha1_base64="2KHG7CAZT3K7GLuW+L55gzNImKY=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3LTNFrMuiG5cV+oJOLZn0tg3NZIYkI5ahn+LGX3HjQhHd6deYTkfR1gOBc8+5l9x7vJAzpW37w1paXlldW89sZDe3tnd2c3v7DRVEkkKdBjyQLY8o4ExAXTPNoRVKIL7HoemNLqd+8xakYoGo6XEIHZ8MBOszSrSRurmy68GAidjziZbsbpItYNJ1bmq4gF03KUrfhQui99PXzeXtop0ALxInJXmUotrNvbu9gEY+CE05Uart2KHuxERqRjlMsm6kICR0RAbQNlQQH1QnTg6c4GOj9HA/kOYJjRP190RMfKXGvmc6zX5DNe9Nxf+8dqT7552YiTDSIOjso37EsQ7wNC3cYxKo5mNDCJXM7IrpkEhCtck0a0Jw5k9eJI1S0TkrOten+cpFGkcGHaIjdIIcVEYVdIWqqI4oukeP6Bm9WA/Wk/Vqvc1al6x05gD9gfX5Bd5poPI=</latexit>
�aT1 �
�aT2 �

�

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A = <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="MTQjNRr1BTzKOFcP9Vx7gCDWtuQ=">AAACJXicbVDLSgMxFM34rOOr6tJNsCiuykwRdeGi6MZlBTstdMqQSW/b0ExmSDJimfZn3PgrblxYRHDlr5g+EG09EDg5517uvSdMOFPacT6tpeWV1bX13Ia9ubW9s5vf2/dUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2LsZ+7UHkIrF4l73E2hGpCNYm1GijRTkr/wQOkxkYUS0ZI9DbA/wCR5g37e9wMWGe0Fp/JvKtg+i9VMc5AtO0ZkALxJ3RgpohkqQH/mtmKYRCE05UarhOoluZkRqRjkMbT9VkBDaIx1oGCpIBKqZTa4c4mOjtHA7luYJjSfq746MREr1o9BUmv26at4bi/95jVS3L5sZE0mqQdDpoHbKsY7xODLcYhKo5n1DCJXM7Ippl0hCtQnWNiG48ycvEq9UdM+L7t1ZoXw9iyOHDtEROkUuukBldIsqqIooekIv6A2NrGfr1Xq3PqalS9as5wD9gfX1DTQNogI=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="0yAm4g5PvrDNH+3b5qD8rxxtlN0=">AAACJnicbVDLSgMxFM3UVx1foy7dBIviqswUUTdC0Y3LCvYBnVIymds2NJMZkoxYhn6NG3/FjYuKiDs/xfShaOuBwOGcc8m9J0g4U9p1P6zc0vLK6lp+3d7Y3NrecXb3aipOJYUqjXksGwFRwJmAqmaaQyORQKKAQz3oX4/9+j1IxWJxpwcJtCLSFazDKNFGajuXfgBdJrIgIlqyhyG2fW6mQ9L28DF2se/briHfYsn2QYQ/6bZTcIvuBHiReDNSQDNU2s7ID2OaRiA05USppucmupURqRnlMLT9VEFCaJ90oWmoIBGoVjY5c4iPjBLiTizNExpP1N8TGYmUGkSBSZr9emreG4v/ec1Udy5aGRNJqkHQ6UedlGMd43FnOGQSqOYDQwiVzOyKaY9IQrVp1jYlePMnL5JaqeidFb3b00L5alZHHh2gQ3SCPHSOyugGVVAVUfSIntEIvVpP1ov1Zr1PozlrNrOP/sD6/AIr3qPC</latexit>
�1 0
0 �2

�

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2<latexit sha1_base64="wBYnXX1S0MBTtboW0UXeARhYGHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJvyZdoXrVmlt3ZyDLxCtIDQo0e9Wvbj9hWcwVMkmN6XhuikFONQom+aTSzQxPKRvRAe9YqmjMTZDPjp2QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7EheIsvL5PHs7p3Uffuz2uNmyKOMhzBMZyCB5fQgDtogg8MBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8s745G</latexit>

A 2
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="6IKjKisPVJ+o6tGi6qyn+2BKxEg=">AAACI3icbVDLSgMxFM34rOOr6tJNsCiuykwRFVetblxWsA/olCGT3rahmcyQZMQy7b+48VfcuFCKGxf+i+kD0dYDgZNz7uXee4KYM6Ud59NaWl5ZXVvPbNibW9s7u9m9/aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FALejdjv/YAUrFI3Ot+DM2QdARrM0q0kfzslRdAh4k0CImW7HFoD/AJHmDPs0u+a2jJL4w/U9X2QLR+Sv1szsk7E+BF4s5IDs1Q9rMjrxXRJAShKSdKNVwn1s2USM0oh6HtJQpiQnukAw1DBQlBNdPJjUN8bJQWbkfSPKHxRP3dkZJQqX4YmEqzX1fNe2PxP6+R6PZlM2UiTjQIOh3UTjjWER4HhltMAtW8bwihkpldMe0SSag2sdomBHf+5EVSLeTd87x7d5YrXs/iyKBDdIROkYsuUBHdojKqIIqe0At6Q+/Ws/VqjayPaemSNes5QH9gfX0DKpihhA==</latexit>2

4
| |
A1 A2

| |

3

5

<latexit sha1_base64="2KHG7CAZT3K7GLuW+L55gzNImKY=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3LTNFrMuiG5cV+oJOLZn0tg3NZIYkI5ahn+LGX3HjQhHd6deYTkfR1gOBc8+5l9x7vJAzpW37w1paXlldW89sZDe3tnd2c3v7DRVEkkKdBjyQLY8o4ExAXTPNoRVKIL7HoemNLqd+8xakYoGo6XEIHZ8MBOszSrSRurmy68GAidjziZbsbpItYNJ1bmq4gF03KUrfhQui99PXzeXtop0ALxInJXmUotrNvbu9gEY+CE05Uart2KHuxERqRjlMsm6kICR0RAbQNlQQH1QnTg6c4GOj9HA/kOYJjRP190RMfKXGvmc6zX5DNe9Nxf+8dqT7552YiTDSIOjso37EsQ7wNC3cYxKo5mNDCJXM7IrpkEhCtck0a0Jw5k9eJI1S0TkrOten+cpFGkcGHaIjdIIcVEYVdIWqqI4oukeP6Bm9WA/Wk/Vqvc1al6x05gD9gfX5Bd5poPI=</latexit>
�aT1 �
�aT2 �

�

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A = <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="MTQjNRr1BTzKOFcP9Vx7gCDWtuQ=">AAACJXicbVDLSgMxFM34rOOr6tJNsCiuykwRdeGi6MZlBTstdMqQSW/b0ExmSDJimfZn3PgrblxYRHDlr5g+EG09EDg5517uvSdMOFPacT6tpeWV1bX13Ia9ubW9s5vf2/dUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2LsZ+7UHkIrF4l73E2hGpCNYm1GijRTkr/wQOkxkYUS0ZI9DbA/wCR5g37e9wMWGe0Fp/JvKtg+i9VMc5AtO0ZkALxJ3RgpohkqQH/mtmKYRCE05UarhOoluZkRqRjkMbT9VkBDaIx1oGCpIBKqZTa4c4mOjtHA7luYJjSfq746MREr1o9BUmv26at4bi/95jVS3L5sZE0mqQdDpoHbKsY7xODLcYhKo5n1DCJXM7Ippl0hCtQnWNiG48ycvEq9UdM+L7t1ZoXw9iyOHDtEROkUuukBldIsqqIooekIv6A2NrGfr1Xq3PqalS9as5wD9gfX1DTQNogI=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="0yAm4g5PvrDNH+3b5qD8rxxtlN0=">AAACJnicbVDLSgMxFM3UVx1foy7dBIviqswUUTdC0Y3LCvYBnVIymds2NJMZkoxYhn6NG3/FjYuKiDs/xfShaOuBwOGcc8m9J0g4U9p1P6zc0vLK6lp+3d7Y3NrecXb3aipOJYUqjXksGwFRwJmAqmaaQyORQKKAQz3oX4/9+j1IxWJxpwcJtCLSFazDKNFGajuXfgBdJrIgIlqyhyG2fW6mQ9L28DF2se/briHfYsn2QYQ/6bZTcIvuBHiReDNSQDNU2s7ID2OaRiA05USppucmupURqRnlMLT9VEFCaJ90oWmoIBGoVjY5c4iPjBLiTizNExpP1N8TGYmUGkSBSZr9emreG4v/ec1Udy5aGRNJqkHQ6UedlGMd43FnOGQSqOYDQwiVzOyKaY9IQrVp1jYlePMnL5JaqeidFb3b00L5alZHHh2gQ3SCPHSOyugGVVAVUfSIntEIvVpP1ov1Zr1PozlrNrOP/sD6/AIr3qPC</latexit>
�1 0
0 �2

�

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="YhFxFF/zFDsy3oRUj5Lf2t4xPnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQWqgQhYCxlga1I9CElUeU4TmrVcSLbQaqiziz8CgsDCLHyBWz8DW6aAVquZen4nHt0fY+fMiqVZX0bC4tLyyurlbXq+sbm1ra5s9uRSSYwaeOEJaLnI0kY5aStqGKklwqCYp+Rrj+8nujdByIkTfi9GqXEi1HEaUgxUprqmwduk0aRA119rk5cpp0BgrfFu5C8vlmz6lZRcB7YJaiBslp988sNEpzFhCvMkJSObaXKy5FQFDMyrrqZJCnCQxQRR0OOYiK9vFhlDI80E8AwEfpyBQv2tyNHsZSj2NedMVIDOatNyP80J1PhpZdTnmaKcDwdFGYMqgROcoEBFQQrNtIAYUH1XyEeIIGw0ulVdQj27MrzoHNat8/r9t1ZrdEs46iAfXAIjoENLkAD3IAWaAMMHsEzeAVvxpPxYrwbH9PWBaP07IE/ZXz+AFFLmCE=</latexit>"
A� �I

#
<latexit sha1_base64="YhFxFF/zFDsy3oRUj5Lf2t4xPnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQWqgQhYCxlga1I9CElUeU4TmrVcSLbQaqiziz8CgsDCLHyBWz8DW6aAVquZen4nHt0fY+fMiqVZX0bC4tLyyurlbXq+sbm1ra5s9uRSSYwaeOEJaLnI0kY5aStqGKklwqCYp+Rrj+8nujdByIkTfi9GqXEi1HEaUgxUprqmwduk0aRA119rk5cpp0BgrfFu5C8vlmz6lZRcB7YJaiBslp988sNEpzFhCvMkJSObaXKy5FQFDMyrrqZJCnCQxQRR0OOYiK9vFhlDI80E8AwEfpyBQv2tyNHsZSj2NedMVIDOatNyP80J1PhpZdTnmaKcDwdFGYMqgROcoEBFQQrNtIAYUH1XyEeIIGw0ulVdQj27MrzoHNat8/r9t1ZrdEs46iAfXAIjoENLkAD3IAWaAMMHsEzeAVvxpPxYrwbH9PWBaP07IE/ZXz+AFFLmCE=</latexit>"
A� �I

#

drops rank 

for eigenvalue 

drops rank 

for eigenvalue 

<latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2<latexit sha1_base64="wBYnXX1S0MBTtboW0UXeARhYGHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJvyZdoXrVmlt3ZyDLxCtIDQo0e9Wvbj9hWcwVMkmN6XhuikFONQom+aTSzQxPKRvRAe9YqmjMTZDPjp2QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7EheIsvL5PHs7p3Uffuz2uNmyKOMhzBMZyCB5fQgDtogg8MBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8s745G</latexit>

A 2
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="6IKjKisPVJ+o6tGi6qyn+2BKxEg=">AAACI3icbVDLSgMxFM34rOOr6tJNsCiuykwRFVetblxWsA/olCGT3rahmcyQZMQy7b+48VfcuFCKGxf+i+kD0dYDgZNz7uXee4KYM6Ud59NaWl5ZXVvPbNibW9s7u9m9/aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FALejdjv/YAUrFI3Ot+DM2QdARrM0q0kfzslRdAh4k0CImW7HFoD/AJHmDPs0u+a2jJL4w/U9X2QLR+Sv1szsk7E+BF4s5IDs1Q9rMjrxXRJAShKSdKNVwn1s2USM0oh6HtJQpiQnukAw1DBQlBNdPJjUN8bJQWbkfSPKHxRP3dkZJQqX4YmEqzX1fNe2PxP6+R6PZlM2UiTjQIOh3UTjjWER4HhltMAtW8bwihkpldMe0SSag2sdomBHf+5EVSLeTd87x7d5YrXs/iyKBDdIROkYsuUBHdojKqIIqe0At6Q+/Ws/VqjayPaemSNes5QH9gfX0DKpihhA==</latexit>2

4
| |
A1 A2

| |

3

5

<latexit sha1_base64="2KHG7CAZT3K7GLuW+L55gzNImKY=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3LTNFrMuiG5cV+oJOLZn0tg3NZIYkI5ahn+LGX3HjQhHd6deYTkfR1gOBc8+5l9x7vJAzpW37w1paXlldW89sZDe3tnd2c3v7DRVEkkKdBjyQLY8o4ExAXTPNoRVKIL7HoemNLqd+8xakYoGo6XEIHZ8MBOszSrSRurmy68GAidjziZbsbpItYNJ1bmq4gF03KUrfhQui99PXzeXtop0ALxInJXmUotrNvbu9gEY+CE05Uart2KHuxERqRjlMsm6kICR0RAbQNlQQH1QnTg6c4GOj9HA/kOYJjRP190RMfKXGvmc6zX5DNe9Nxf+8dqT7552YiTDSIOjso37EsQ7wNC3cYxKo5mNDCJXM7IrpkEhCtck0a0Jw5k9eJI1S0TkrOten+cpFGkcGHaIjdIIcVEYVdIWqqI4oukeP6Bm9WA/Wk/Vqvc1al6x05gD9gfX5Bd5poPI=</latexit>
�aT1 �
�aT2 �

�

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A = <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="MTQjNRr1BTzKOFcP9Vx7gCDWtuQ=">AAACJXicbVDLSgMxFM34rOOr6tJNsCiuykwRdeGi6MZlBTstdMqQSW/b0ExmSDJimfZn3PgrblxYRHDlr5g+EG09EDg5517uvSdMOFPacT6tpeWV1bX13Ia9ubW9s5vf2/dUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2LsZ+7UHkIrF4l73E2hGpCNYm1GijRTkr/wQOkxkYUS0ZI9DbA/wCR5g37e9wMWGe0Fp/JvKtg+i9VMc5AtO0ZkALxJ3RgpohkqQH/mtmKYRCE05UarhOoluZkRqRjkMbT9VkBDaIx1oGCpIBKqZTa4c4mOjtHA7luYJjSfq746MREr1o9BUmv26at4bi/95jVS3L5sZE0mqQdDpoHbKsY7xODLcYhKo5n1DCJXM7Ippl0hCtQnWNiG48ycvEq9UdM+L7t1ZoXw9iyOHDtEROkUuukBldIsqqIooekIv6A2NrGfr1Xq3PqalS9as5wD9gfX1DTQNogI=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="0yAm4g5PvrDNH+3b5qD8rxxtlN0=">AAACJnicbVDLSgMxFM3UVx1foy7dBIviqswUUTdC0Y3LCvYBnVIymds2NJMZkoxYhn6NG3/FjYuKiDs/xfShaOuBwOGcc8m9J0g4U9p1P6zc0vLK6lp+3d7Y3NrecXb3aipOJYUqjXksGwFRwJmAqmaaQyORQKKAQz3oX4/9+j1IxWJxpwcJtCLSFazDKNFGajuXfgBdJrIgIlqyhyG2fW6mQ9L28DF2se/briHfYsn2QYQ/6bZTcIvuBHiReDNSQDNU2s7ID2OaRiA05USppucmupURqRnlMLT9VEFCaJ90oWmoIBGoVjY5c4iPjBLiTizNExpP1N8TGYmUGkSBSZr9emreG4v/ec1Udy5aGRNJqkHQ6UedlGMd43FnOGQSqOYDQwiVzOyKaY9IQrVp1jYlePMnL5JaqeidFb3b00L5alZHHh2gQ3SCPHSOyugGVVAVUfSIntEIvVpP1ov1Zr1PozlrNrOP/sD6/AIr3qPC</latexit>
�1 0
0 �2

�

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#

<latexit sha1_base64="LhJ49SpwmMXyCn2MBuKcEIJd0tY=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAhuLDMi6rLqRncV7APaoWQymTY0kxmTTKEM/Q43LhRx68e4829M21lo64HA4ZxzuTfHTwTXxnG+0dLyyuraemGjuLm1vbNb2ttv6DhVlNVpLGLV8olmgktWN9wI1koUI5EvWNMf3E785pApzWP5aEYJ8yLSkzzklBgredenHWHDAem6+L5bKjsVZwq8SNyclCFHrVv66gQxTSMmDRVE67brJMbLiDKcCjYudlLNEkIHpMfalkoSMe1l06PH+NgqAQ5jZZ80eKr+nshIpPUo8m0yIqav572J+J/XTk145WVcJqlhks4WhanAJsaTBnDAFaNGjCwhVHF7K6Z9ogg1tqeiLcGd//IiaZxV3IuK+3Bert7kdRTgEI7gBFy4hCrcQQ3qQOEJnuEV3tAQvaB39DGLLqF85gD+AH3+AE5SkSY=</latexit>

A� �1I

<latexit sha1_base64="CH3rdq58nPK1O76b+WbBbPcfSUk=">AAACFnicbVDLSgMxFM3UVx1fVZdugkVwY5kpoi6LblxWsA/olCGT3rahmcyQZMQy7Ve48VfcuFDErbjzb8y0RbT1QMjhnHu5954g5kxpx/myckvLK6tr+XV7Y3Nre6ewu1dXUSIp1GjEI9kMiALOBNQ00xyasQQSBhwaweAq8xt3IBWLxK0extAOSU+wLqNEG8kvnHgB9JhIg5Boye7H2B5hz7Prfjn7Rtj2QHR+XL9QdErOBHiRuDNSRDNU/cKn14loEoLQlBOlWq4T63ZKpGaUw9j2EgUxoQPSg5ahgoSg2unkrDE+MkoHdyNpntB4ov7uSEmo1DAMTKXZr6/mvUz8z2slunvRTpmIEw2CTgd1E451hLOMcIdJoJoPDSFUMrMrpn0iCdUmSduE4M6fvEjq5ZJ7VnJvTouVy1kceXSADtExctE5qqBrVEU1RNEDekIv6NV6tJ6tN+t9WpqzZj376A+sj29WS548</latexit>2

4
|
V2

|

3

5
<latexit sha1_base64="KIN96QLBcaP8QFAG3SjFLqLh7bo=">AAACFnicbVDLSgMxFM34rOOr6tJNsAhuWmaKqMuiG5cV+oJOHTKZ2zY0kxmSjFiGfoUbf8WNC0Xcijv/xvSBaOuBkMM593LvPUHCmdKO82UtLa+srq3nNuzNre2d3fzefkPFqaRQpzGPZSsgCjgTUNdMc2glEkgUcGgGg6ux37wDqVgsanqYQCciPcG6jBJtJD9f9ALoMZEFEdGS3Y+wXcQebvrl25r5i9j2QIQ/rp8vOCVnArxI3BkpoBmqfv7TC2OaRiA05USptuskupMRqRnlMLK9VEFC6ID0oG2oIBGoTjY5a4SPjRLibizNExpP1N8dGYmUGkaBqTT79dW8Nxb/89qp7l50MiaSVIOg00HdlGMd43FGOGQSqOZDQwiVzOyKaZ9IQrVJ0jYhuPMnL5JGueSeldyb00LlchZHDh2iI3SCXHSOKugaVVEdUfSAntALerUerWfrzXqfli5Zs54D9AfWxzeXvp3F</latexit>⇥
� WT

2 �
⇤

<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2
<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="LhJ49SpwmMXyCn2MBuKcEIJd0tY=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAhuLDMi6rLqRncV7APaoWQymTY0kxmTTKEM/Q43LhRx68e4829M21lo64HA4ZxzuTfHTwTXxnG+0dLyyuraemGjuLm1vbNb2ttv6DhVlNVpLGLV8olmgktWN9wI1koUI5EvWNMf3E785pApzWP5aEYJ8yLSkzzklBgredenHWHDAem6+L5bKjsVZwq8SNyclCFHrVv66gQxTSMmDRVE67brJMbLiDKcCjYudlLNEkIHpMfalkoSMe1l06PH+NgqAQ5jZZ80eKr+nshIpPUo8m0yIqav572J+J/XTk145WVcJqlhks4WhanAJsaTBnDAFaNGjCwhVHF7K6Z9ogg1tqeiLcGd//IiaZxV3IuK+3Bert7kdRTgEI7gBFy4hCrcQQ3qQOEJnuEV3tAQvaB39DGLLqF85gD+AH3+AE5SkSY=</latexit>

A� �1I

<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#

<latexit sha1_base64="pOF+Z9H6CtXncYIlXgnv/Dnna9o=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IRUY9FLx4r2Fppl5LNZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWwcCw8w88t6EqeDG+v63V1pZXVvfKG9WtrZ3dveq+wdtk2SashZNRKI7ITFMcMVallvBOqlmRIaCPYSjm6n/8MS04Ym6t+OUBZIMFI85JdZJjz3hohHp43615tf9GdAywQWpQYFmv/rVixKaSaYsFcSYLvZTG+REW04Fm1R6mWEpoSMyYF1HFZHMBPls4Qk6cUqE4kS7pyyaqb8nciKNGcvQJSWxQ7PoTcX/vG5m46sg5yrNLFN0/lGcCWQTNL0eRVwzasXYEUI1d7siOiSaUOs6qrgS8OLJy6R9VscXdXx3XmtcF3WU4QiO4RQwXEIDbqEJLaAg4Rle4c3T3ov37n3MoyWvmDmEP/A+fwBox5An</latexit>

�1

<latexit sha1_base64="pOF+Z9H6CtXncYIlXgnv/Dnna9o=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IRUY9FLx4r2Fppl5LNZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWwcCw8w88t6EqeDG+v63V1pZXVvfKG9WtrZ3dveq+wdtk2SashZNRKI7ITFMcMVallvBOqlmRIaCPYSjm6n/8MS04Ym6t+OUBZIMFI85JdZJjz3hohHp43615tf9GdAywQWpQYFmv/rVixKaSaYsFcSYLvZTG+REW04Fm1R6mWEpoSMyYF1HFZHMBPls4Qk6cUqE4kS7pyyaqb8nciKNGcvQJSWxQ7PoTcX/vG5m46sg5yrNLFN0/lGcCWQTNL0eRVwzasXYEUI1d7siOiSaUOs6qrgS8OLJy6R9VscXdXx3XmtcF3WU4QiO4RQwXEIDbqEJLaAg4Rle4c3T3ov37n3MoyWvmDmEP/A+fwBox5An</latexit>

�1

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2<latexit sha1_base64="wBYnXX1S0MBTtboW0UXeARhYGHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJvyZdoXrVmlt3ZyDLxCtIDQo0e9Wvbj9hWcwVMkmN6XhuikFONQom+aTSzQxPKRvRAe9YqmjMTZDPjp2QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7EheIsvL5PHs7p3Uffuz2uNmyKOMhzBMZyCB5fQgDtogg8MBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8s745G</latexit>

A 2

<latexit sha1_base64="QZhcwgcT1b6AyQWNW/CV/7WiC9A=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6rLUjcsK9gFJCJPJpB06mYSZiVBCv8CNv+LGhSJuXbvzb5y0QbT1wMDhnHu4c0+QMiqVZX0ZK6tr6xubla3q9s7u3r55cNiTSSYw6eKEJWIQIEkY5aSrqGJkkAqC4oCRfjC+Lvz+PRGSJvxOTVLixWjIaUQxUlryzbrbpkMHutBlOhQivwnPfrhd6Nr3fLNmNawZ4DKxS1IDJTq++emGCc5iwhVmSErHtlLl5UgoihmZVt1MkhThMRoSR1OOYiK9fHbOFNa1EsIoEfpxBWfq70SOYikncaAnY6RGctErxP88J1PRlZdTnmaKcDxfFGUMqgQW3cCQCoIVm2iCsKD6rxCPkEBY6QarugR78eRl0ms27IuGfXtea7XLOirgGJyAU2CDS9ACN6ADugCDB/AEXsCr8Wg8G2/G+3x0xSgzR+APjI9vppyZ9w==</latexit>h
�2 � �1

i <latexit sha1_base64="CH3rdq58nPK1O76b+WbBbPcfSUk=">AAACFnicbVDLSgMxFM3UVx1fVZdugkVwY5kpoi6LblxWsA/olCGT3rahmcyQZMQy7Ve48VfcuFDErbjzb8y0RbT1QMjhnHu5954g5kxpx/myckvLK6tr+XV7Y3Nre6ewu1dXUSIp1GjEI9kMiALOBNQ00xyasQQSBhwaweAq8xt3IBWLxK0extAOSU+wLqNEG8kvnHgB9JhIg5Boye7H2B5hz7Prfjn7Rtj2QHR+XL9QdErOBHiRuDNSRDNU/cKn14loEoLQlBOlWq4T63ZKpGaUw9j2EgUxoQPSg5ahgoSg2unkrDE+MkoHdyNpntB4ov7uSEmo1DAMTKXZr6/mvUz8z2slunvRTpmIEw2CTgd1E451hLOMcIdJoJoPDSFUMrMrpn0iCdUmSduE4M6fvEjq5ZJ7VnJvTouVy1kceXSADtExctE5qqBrVEU1RNEDekIv6NV6tJ6tN+t9WpqzZj376A+sj29WS548</latexit>2

4
|
V2

|

3

5
<latexit sha1_base64="KIN96QLBcaP8QFAG3SjFLqLh7bo=">AAACFnicbVDLSgMxFM34rOOr6tJNsAhuWmaKqMuiG5cV+oJOHTKZ2zY0kxmSjFiGfoUbf8WNC0Xcijv/xvSBaOuBkMM593LvPUHCmdKO82UtLa+srq3nNuzNre2d3fzefkPFqaRQpzGPZSsgCjgTUNdMc2glEkgUcGgGg6ux37wDqVgsanqYQCciPcG6jBJtJD9f9ALoMZEFEdGS3Y+wXcQebvrl25r5i9j2QIQ/rp8vOCVnArxI3BkpoBmqfv7TC2OaRiA05USptuskupMRqRnlMLK9VEFC6ID0oG2oIBGoTjY5a4SPjRLibizNExpP1N8dGYmUGkaBqTT79dW8Nxb/89qp7l50MiaSVIOg00HdlGMd43FGOGQSqOZDQwiVzOyKaZ9IQrVJ0jYhuPMnL5JGueSeldyb00LlchZHDh2iI3SCXHSOKugaVVEdUfSAntALerUerWfrzXqfli5Zs54D9AfWxzeXvp3F</latexit>⇥
� WT

2 �
⇤<latexit sha1_base64="QZhcwgcT1b6AyQWNW/CV/7WiC9A=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6rLUjcsK9gFJCJPJpB06mYSZiVBCv8CNv+LGhSJuXbvzb5y0QbT1wMDhnHu4c0+QMiqVZX0ZK6tr6xubla3q9s7u3r55cNiTSSYw6eKEJWIQIEkY5aSrqGJkkAqC4oCRfjC+Lvz+PRGSJvxOTVLixWjIaUQxUlryzbrbpkMHutBlOhQivwnPfrhd6Nr3fLNmNawZ4DKxS1IDJTq++emGCc5iwhVmSErHtlLl5UgoihmZVt1MkhThMRoSR1OOYiK9fHbOFNa1EsIoEfpxBWfq70SOYikncaAnY6RGctErxP88J1PRlZdTnmaKcDxfFGUMqgQW3cCQCoIVm2iCsKD6rxCPkEBY6QarugR78eRl0ms27IuGfXtea7XLOirgGJyAU2CDS9ACN6ADugCDB/AEXsCr8Wg8G2/G+3x0xSgzR+APjI9vppyZ9w==</latexit>h

�2 � �1

i



<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#

Eigenvector/Eigenvalue Picture

Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="6IKjKisPVJ+o6tGi6qyn+2BKxEg=">AAACI3icbVDLSgMxFM34rOOr6tJNsCiuykwRFVetblxWsA/olCGT3rahmcyQZMQy7b+48VfcuFCKGxf+i+kD0dYDgZNz7uXee4KYM6Ud59NaWl5ZXVvPbNibW9s7u9m9/aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FALejdjv/YAUrFI3Ot+DM2QdARrM0q0kfzslRdAh4k0CImW7HFoD/AJHmDPs0u+a2jJL4w/U9X2QLR+Sv1szsk7E+BF4s5IDs1Q9rMjrxXRJAShKSdKNVwn1s2USM0oh6HtJQpiQnukAw1DBQlBNdPJjUN8bJQWbkfSPKHxRP3dkZJQqX4YmEqzX1fNe2PxP6+R6PZlM2UiTjQIOh3UTjjWER4HhltMAtW8bwihkpldMe0SSag2sdomBHf+5EVSLeTd87x7d5YrXs/iyKBDdIROkYsuUBHdojKqIIqe0At6Q+/Ws/VqjayPaemSNes5QH9gfX0DKpihhA==</latexit>2

4
| |
A1 A2

| |

3

5

<latexit sha1_base64="2KHG7CAZT3K7GLuW+L55gzNImKY=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3LTNFrMuiG5cV+oJOLZn0tg3NZIYkI5ahn+LGX3HjQhHd6deYTkfR1gOBc8+5l9x7vJAzpW37w1paXlldW89sZDe3tnd2c3v7DRVEkkKdBjyQLY8o4ExAXTPNoRVKIL7HoemNLqd+8xakYoGo6XEIHZ8MBOszSrSRurmy68GAidjziZbsbpItYNJ1bmq4gF03KUrfhQui99PXzeXtop0ALxInJXmUotrNvbu9gEY+CE05Uart2KHuxERqRjlMsm6kICR0RAbQNlQQH1QnTg6c4GOj9HA/kOYJjRP190RMfKXGvmc6zX5DNe9Nxf+8dqT7552YiTDSIOjso37EsQ7wNC3cYxKo5mNDCJXM7IrpkEhCtck0a0Jw5k9eJI1S0TkrOten+cpFGkcGHaIjdIIcVEYVdIWqqI4oukeP6Bm9WA/Wk/Vqvc1al6x05gD9gfX5Bd5poPI=</latexit>
�aT1 �
�aT2 �

�

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A = <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="MTQjNRr1BTzKOFcP9Vx7gCDWtuQ=">AAACJXicbVDLSgMxFM34rOOr6tJNsCiuykwRdeGi6MZlBTstdMqQSW/b0ExmSDJimfZn3PgrblxYRHDlr5g+EG09EDg5517uvSdMOFPacT6tpeWV1bX13Ia9ubW9s5vf2/dUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2LsZ+7UHkIrF4l73E2hGpCNYm1GijRTkr/wQOkxkYUS0ZI9DbA/wCR5g37e9wMWGe0Fp/JvKtg+i9VMc5AtO0ZkALxJ3RgpohkqQH/mtmKYRCE05UarhOoluZkRqRjkMbT9VkBDaIx1oGCpIBKqZTa4c4mOjtHA7luYJjSfq746MREr1o9BUmv26at4bi/95jVS3L5sZE0mqQdDpoHbKsY7xODLcYhKo5n1DCJXM7Ippl0hCtQnWNiG48ycvEq9UdM+L7t1ZoXw9iyOHDtEROkUuukBldIsqqIooekIv6A2NrGfr1Xq3PqalS9as5wD9gfX1DTQNogI=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="0yAm4g5PvrDNH+3b5qD8rxxtlN0=">AAACJnicbVDLSgMxFM3UVx1foy7dBIviqswUUTdC0Y3LCvYBnVIymds2NJMZkoxYhn6NG3/FjYuKiDs/xfShaOuBwOGcc8m9J0g4U9p1P6zc0vLK6lp+3d7Y3NrecXb3aipOJYUqjXksGwFRwJmAqmaaQyORQKKAQz3oX4/9+j1IxWJxpwcJtCLSFazDKNFGajuXfgBdJrIgIlqyhyG2fW6mQ9L28DF2se/briHfYsn2QYQ/6bZTcIvuBHiReDNSQDNU2s7ID2OaRiA05USppucmupURqRnlMLT9VEFCaJ90oWmoIBGoVjY5c4iPjBLiTizNExpP1N8TGYmUGkSBSZr9emreG4v/ec1Udy5aGRNJqkHQ6UedlGMd43FnOGQSqOYDQwiVzOyKaY9IQrVp1jYlePMnL5JaqeidFb3b00L5alZHHh2gQ3SCPHSOyugGVVAVUfSIntEIvVpP1ov1Zr1PozlrNrOP/sD6/AIr3qPC</latexit>
�1 0
0 �2

�

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

ROW 
GEOMETRY

COLUMN 
GEOMETRY

<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"
<latexit sha1_base64="H33GMndfyPMHusuQaBpvqGA1F9o=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgxpIUUZdVN7qrYB/QhjKZTNqhk0mcmRRK6He4caGIWz/GnX/jtM1CWw8MHM45l3vn+AlnSjvOt1VYWV1b3yhulra2d3b37P2DpopTSWiDxDyWbR8rypmgDc00p+1EUhz5nLb84e3Ub42oVCwWj3qcUC/CfcFCRrA2knd91uUmHOBeFd337LJTcWZAy8TNSRly1Hv2VzeISRpRoQnHSnVcJ9FehqVmhNNJqZsqmmAyxH3aMVTgiCovmx09QSdGCVAYS/OERjP190SGI6XGkW+SEdYDtehNxf+8TqrDKy9jIkk1FWS+KEw50jGaNoACJinRfGwIJpKZWxEZYImJNj2VTAnu4peXSbNacS8q7sN5uXaT11GEIziGU3DhEmpwB3VoAIEneIZXeLNG1ov1bn3MowUrnzmEP7A+fwBP2JEn</latexit>

A� �2I
<latexit sha1_base64="H33GMndfyPMHusuQaBpvqGA1F9o=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgxpIUUZdVN7qrYB/QhjKZTNqhk0mcmRRK6He4caGIWz/GnX/jtM1CWw8MHM45l3vn+AlnSjvOt1VYWV1b3yhulra2d3b37P2DpopTSWiDxDyWbR8rypmgDc00p+1EUhz5nLb84e3Ub42oVCwWj3qcUC/CfcFCRrA2knd91uUmHOBeFd337LJTcWZAy8TNSRly1Hv2VzeISRpRoQnHSnVcJ9FehqVmhNNJqZsqmmAyxH3aMVTgiCovmx09QSdGCVAYS/OERjP190SGI6XGkW+SEdYDtehNxf+8TqrDKy9jIkk1FWS+KEw50jGaNoACJinRfGwIJpKZWxEZYImJNj2VTAnu4peXSbNacS8q7sN5uXaT11GEIziGU3DhEmpwB3VoAIEneIZXeLNG1ov1bn3MowUrnzmEP7A+fwBP2JEn</latexit>

A� �2I

<latexit sha1_base64="ymfthgxvMTRnEbhAPkR8/hJ6Of8=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuLImIuiy6cVnBPqApYTK5bYdOJmFmIpa0X+HGX3HjQhG34s6/cfpAtPXAMIdz7uXee8KUM6Vd98taWFxaXlktrNnrG5tb287Obk0lmaRQpQlPZCMkCjgTUNVMc2ikEkgccqiHvauRX78DqVgibnU/hVZMOoK1GSXaSIFz7IfQYSIPY6Ilux9ie4B9364F3ugbYNsHEf24gVN0S+4YeJ54U1JEU1QC59OPEprFIDTlRKmm56a6lROpGeUwtP1MQUpoj3SgaaggMahWPj5riA+NEuF2Is0TGo/V3x05iZXqx6GpNPt11aw3Ev/zmpluX7RyJtJMg6CTQe2MY53gUUY4YhKo5n1DCJXM7Ippl0hCtUnSNiF4syfPk9pJyTsreTenxfLlNI4C2kcH6Ah56ByV0TWqoCqi6AE9oRf0aj1az9ab9T4pXbCmPXvoD6yPb1Sznjs=</latexit>2

4
|
V1

|

3

5

<latexit sha1_base64="kp++BvQDTy3a8X7WH+zK0Fgo9NA=">AAACFnicbVDLSgMxFM3UVx1fVZdugkVw0zIjoi6LblxW6As6dchkbtvQTGZIMmIZ+hVu/BU3LhRxK+78G9MHoq0HQg7n3Mu99wQJZ0o7zpeVW1peWV3Lr9sbm1vbO4XdvYaKU0mhTmMey1ZAFHAmoK6Z5tBKJJAo4NAMBldjv3kHUrFY1PQwgU5EeoJ1GSXaSH6h5AXQYyILIqIlux9hu4Q93PTd25r5S9j2QIQ/rl8oOmVnArxI3BkpohmqfuHTC2OaRiA05USptuskupMRqRnlMLK9VEFC6ID0oG2oIBGoTjY5a4SPjBLibizNExpP1N8dGYmUGkaBqTT79dW8Nxb/89qp7l50MiaSVIOg00HdlGMd43FGOGQSqOZDQwiVzOyKaZ9IQrVJ0jYhuPMnL5LGSdk9K7s3p8XK5SyOPDpAh+gYuegcVdA1qqI6ougBPaEX9Go9Ws/Wm/U+Lc1Zs5599AfWxzeWJZ3E</latexit>⇥
� WT

1 �
⇤

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="pQHaG41NC/CnT2NtYZtm2aLYRww=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8bAyrNbfu5kCrxCtIDQq0htWvQRiTVFBpCMda9z03MX6GlWGE01llkGqaYDLBI9q3VGJBtZ/lC8/QmVVCFMXKPmlQrv6eyLDQeioCmxTYjPWyNxf/8/qpia79jMkkNVSSxUdRypGJ0fx6FDJFieFTSzBRzO6KyBgrTIztqGJL8JZPXiWdRt27rHv3F7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w9qS5Ao</latexit>

�2 <latexit sha1_base64="pQHaG41NC/CnT2NtYZtm2aLYRww=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8bAyrNbfu5kCrxCtIDQq0htWvQRiTVFBpCMda9z03MX6GlWGE01llkGqaYDLBI9q3VGJBtZ/lC8/QmVVCFMXKPmlQrv6eyLDQeioCmxTYjPWyNxf/8/qpia79jMkkNVSSxUdRypGJ0fx6FDJFieFTSzBRzO6KyBgrTIztqGJL8JZPXiWdRt27rHv3F7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w9qS5Ao</latexit>

�2

<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2<latexit sha1_base64="wBYnXX1S0MBTtboW0UXeARhYGHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJvyZdoXrVmlt3ZyDLxCtIDQo0e9Wvbj9hWcwVMkmN6XhuikFONQom+aTSzQxPKRvRAe9YqmjMTZDPjp2QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7EheIsvL5PHs7p3Uffuz2uNmyKOMhzBMZyCB5fQgDtogg8MBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8s745G</latexit>

A 2

<latexit sha1_base64="yXGMoVXucyfHkkbgpS5GGyUKqro=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6rLUjcsK9gFJCJPJpB06mYSZiVBCv8CNv+LGhSJuXbvzb5y0QbT1wMDhnHu4c0+QMiqVZX0ZK6tr6xubla3q9s7u3r55cNiTSSYw6eKEJWIQIEkY5aSrqGJkkAqC4oCRfjC+Lvz+PRGSJvxOTVLixWjIaUQxUlryzbrbpkMHutBlOhQi34ZnP7xZ6Nr3fLNmNawZ4DKxS1IDJTq++emGCc5iwhVmSErHtlLl5UgoihmZVt1MkhThMRoSR1OOYiK9fHbOFNa1EsIoEfpxBWfq70SOYikncaAnY6RGctErxP88J1PRlZdTnmaKcDxfFGUMqgQW3cCQCoIVm2iCsKD6rxCPkEBY6QarugR78eRl0ms27IuGfXtea7XLOirgGJyAU2CDS9ACN6ADugCDB/AEXsCr8Wg8G2/G+3x0xSgzR+APjI9vppCZ9w==</latexit>h
�1 � �2

i <latexit sha1_base64="ymfthgxvMTRnEbhAPkR8/hJ6Of8=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuLImIuiy6cVnBPqApYTK5bYdOJmFmIpa0X+HGX3HjQhG34s6/cfpAtPXAMIdz7uXee8KUM6Vd98taWFxaXlktrNnrG5tb287Obk0lmaRQpQlPZCMkCjgTUNVMc2ikEkgccqiHvauRX78DqVgibnU/hVZMOoK1GSXaSIFz7IfQYSIPY6Ilux9ie4B9364F3ugbYNsHEf24gVN0S+4YeJ54U1JEU1QC59OPEprFIDTlRKmm56a6lROpGeUwtP1MQUpoj3SgaaggMahWPj5riA+NEuF2Is0TGo/V3x05iZXqx6GpNPt11aw3Ev/zmpluX7RyJtJMg6CTQe2MY53gUUY4YhKo5n1DCJXM7Ippl0hCtUnSNiF4syfPk9pJyTsreTenxfLlNI4C2kcH6Ah56ByV0TWqoCqi6AE9oRf0aj1az9ab9T4pXbCmPXvoD6yPb1Sznjs=</latexit>2

4
|
V1

|

3

5

<latexit sha1_base64="kp++BvQDTy3a8X7WH+zK0Fgo9NA=">AAACFnicbVDLSgMxFM3UVx1fVZdugkVw0zIjoi6LblxW6As6dchkbtvQTGZIMmIZ+hVu/BU3LhRxK+78G9MHoq0HQg7n3Mu99wQJZ0o7zpeVW1peWV3Lr9sbm1vbO4XdvYaKU0mhTmMey1ZAFHAmoK6Z5tBKJJAo4NAMBldjv3kHUrFY1PQwgU5EeoJ1GSXaSH6h5AXQYyILIqIlux9hu4Q93PTd25r5S9j2QIQ/rl8oOmVnArxI3BkpohmqfuHTC2OaRiA05USptuskupMRqRnlMLK9VEFC6ID0oG2oIBGoTjY5a4SPjBLibizNExpP1N8dGYmUGkaBqTT79dW8Nxb/89qp7l50MiaSVIOg00HdlGMd43FGOGQSqOZDQwiVzOyKaZ9IQrVJ0jYhuPMnL5LGSdk9K7s3p8XK5SyOPDpAh+gYuegcVdA1qqI6ougBPaEX9Go9Ws/Wm/U+Lc1Zs5599AfWxzeWJZ3E</latexit>⇥
� WT

1 �
⇤<latexit sha1_base64="yXGMoVXucyfHkkbgpS5GGyUKqro=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6rLUjcsK9gFJCJPJpB06mYSZiVBCv8CNv+LGhSJuXbvzb5y0QbT1wMDhnHu4c0+QMiqVZX0ZK6tr6xubla3q9s7u3r55cNiTSSYw6eKEJWIQIEkY5aSrqGJkkAqC4oCRfjC+Lvz+PRGSJvxOTVLixWjIaUQxUlryzbrbpkMHutBlOhQi34ZnP7xZ6Nr3fLNmNawZ4DKxS1IDJTq++emGCc5iwhVmSErHtlLl5UgoihmZVt1MkhThMRoSR1OOYiK9fHbOFNa1EsIoEfpxBWfq70SOYikncaAnY6RGctErxP88J1PRlZdTnmaKcDxfFGUMqgQW3cCQCoIVm2iCsKD6rxCPkEBY6QarugR78eRl0ms27IuGfXtea7XLOirgGJyAU2CDS9ACN6ADugCDB/AEXsCr8Wg8G2/G+3x0xSgzR+APjI9vppCZ9w==</latexit>h

�1 � �2

i
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="6IKjKisPVJ+o6tGi6qyn+2BKxEg=">AAACI3icbVDLSgMxFM34rOOr6tJNsCiuykwRFVetblxWsA/olCGT3rahmcyQZMQy7b+48VfcuFCKGxf+i+kD0dYDgZNz7uXee4KYM6Ud59NaWl5ZXVvPbNibW9s7u9m9/aqKEkmhQiMeyXpAFHAmoKKZ5lCPJZAw4FALejdjv/YAUrFI3Ot+DM2QdARrM0q0kfzslRdAh4k0CImW7HFoD/AJHmDPs0u+a2jJL4w/U9X2QLR+Sv1szsk7E+BF4s5IDs1Q9rMjrxXRJAShKSdKNVwn1s2USM0oh6HtJQpiQnukAw1DBQlBNdPJjUN8bJQWbkfSPKHxRP3dkZJQqX4YmEqzX1fNe2PxP6+R6PZlM2UiTjQIOh3UTjjWER4HhltMAtW8bwihkpldMe0SSag2sdomBHf+5EVSLeTd87x7d5YrXs/iyKBDdIROkYsuUBHdojKqIIqe0At6Q+/Ws/VqjayPaemSNes5QH9gfX0DKpihhA==</latexit>2

4
| |
A1 A2

| |

3

5

<latexit sha1_base64="2KHG7CAZT3K7GLuW+L55gzNImKY=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3LTNFrMuiG5cV+oJOLZn0tg3NZIYkI5ahn+LGX3HjQhHd6deYTkfR1gOBc8+5l9x7vJAzpW37w1paXlldW89sZDe3tnd2c3v7DRVEkkKdBjyQLY8o4ExAXTPNoRVKIL7HoemNLqd+8xakYoGo6XEIHZ8MBOszSrSRurmy68GAidjziZbsbpItYNJ1bmq4gF03KUrfhQui99PXzeXtop0ALxInJXmUotrNvbu9gEY+CE05Uart2KHuxERqRjlMsm6kICR0RAbQNlQQH1QnTg6c4GOj9HA/kOYJjRP190RMfKXGvmc6zX5DNe9Nxf+8dqT7552YiTDSIOjso37EsQ7wNC3cYxKo5mNDCJXM7IrpkEhCtck0a0Jw5k9eJI1S0TkrOten+cpFGkcGHaIjdIIcVEYVdIWqqI4oukeP6Bm9WA/Wk/Vqvc1al6x05gD9gfX5Bd5poPI=</latexit>
�aT1 �
�aT2 �

�

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A = <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="MTQjNRr1BTzKOFcP9Vx7gCDWtuQ=">AAACJXicbVDLSgMxFM34rOOr6tJNsCiuykwRdeGi6MZlBTstdMqQSW/b0ExmSDJimfZn3PgrblxYRHDlr5g+EG09EDg5517uvSdMOFPacT6tpeWV1bX13Ia9ubW9s5vf2/dUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2LsZ+7UHkIrF4l73E2hGpCNYm1GijRTkr/wQOkxkYUS0ZI9DbA/wCR5g37e9wMWGe0Fp/JvKtg+i9VMc5AtO0ZkALxJ3RgpohkqQH/mtmKYRCE05UarhOoluZkRqRjkMbT9VkBDaIx1oGCpIBKqZTa4c4mOjtHA7luYJjSfq746MREr1o9BUmv26at4bi/95jVS3L5sZE0mqQdDpoHbKsY7xODLcYhKo5n1DCJXM7Ippl0hCtQnWNiG48ycvEq9UdM+L7t1ZoXw9iyOHDtEROkUuukBldIsqqIooekIv6A2NrGfr1Xq3PqalS9as5wD9gfX1DTQNogI=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="0yAm4g5PvrDNH+3b5qD8rxxtlN0=">AAACJnicbVDLSgMxFM3UVx1foy7dBIviqswUUTdC0Y3LCvYBnVIymds2NJMZkoxYhn6NG3/FjYuKiDs/xfShaOuBwOGcc8m9J0g4U9p1P6zc0vLK6lp+3d7Y3NrecXb3aipOJYUqjXksGwFRwJmAqmaaQyORQKKAQz3oX4/9+j1IxWJxpwcJtCLSFazDKNFGajuXfgBdJrIgIlqyhyG2fW6mQ9L28DF2se/briHfYsn2QYQ/6bZTcIvuBHiReDNSQDNU2s7ID2OaRiA05USppucmupURqRnlMLT9VEFCaJ90oWmoIBGoVjY5c4iPjBLiTizNExpP1N8TGYmUGkSBSZr9emreG4v/ec1Udy5aGRNJqkHQ6UedlGMd43FnOGQSqOYDQwiVzOyKaY9IQrVp1jYlePMnL5JaqeidFb3b00L5alZHHh2gQ3SCPHSOyugGVVAVUfSIntEIvVpP1ov1Zr1PozlrNrOP/sD6/AIr3qPC</latexit>
�1 0
0 �2

�

<latexit sha1_base64="YhFxFF/zFDsy3oRUj5Lf2t4xPnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQWqgQhYCxlga1I9CElUeU4TmrVcSLbQaqiziz8CgsDCLHyBWz8DW6aAVquZen4nHt0fY+fMiqVZX0bC4tLyyurlbXq+sbm1ra5s9uRSSYwaeOEJaLnI0kY5aStqGKklwqCYp+Rrj+8nujdByIkTfi9GqXEi1HEaUgxUprqmwduk0aRA119rk5cpp0BgrfFu5C8vlmz6lZRcB7YJaiBslp988sNEpzFhCvMkJSObaXKy5FQFDMyrrqZJCnCQxQRR0OOYiK9vFhlDI80E8AwEfpyBQv2tyNHsZSj2NedMVIDOatNyP80J1PhpZdTnmaKcDwdFGYMqgROcoEBFQQrNtIAYUH1XyEeIIGw0ulVdQj27MrzoHNat8/r9t1ZrdEs46iAfXAIjoENLkAD3IAWaAMMHsEzeAVvxpPxYrwbH9PWBaP07IE/ZXz+AFFLmCE=</latexit>"
A� �I

#
<latexit sha1_base64="YhFxFF/zFDsy3oRUj5Lf2t4xPnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQWqgQhYCxlga1I9CElUeU4TmrVcSLbQaqiziz8CgsDCLHyBWz8DW6aAVquZen4nHt0fY+fMiqVZX0bC4tLyyurlbXq+sbm1ra5s9uRSSYwaeOEJaLnI0kY5aStqGKklwqCYp+Rrj+8nujdByIkTfi9GqXEi1HEaUgxUprqmwduk0aRA119rk5cpp0BgrfFu5C8vlmz6lZRcB7YJaiBslp988sNEpzFhCvMkJSObaXKy5FQFDMyrrqZJCnCQxQRR0OOYiK9vFhlDI80E8AwEfpyBQv2tyNHsZSj2NedMVIDOatNyP80J1PhpZdTnmaKcDwdFGYMqgROcoEBFQQrNtIAYUH1XyEeIIGw0ulVdQj27MrzoHNat8/r9t1ZrdEs46iAfXAIjoENLkAD3IAWaAMMHsEzeAVvxpPxYrwbH9PWBaP07IE/ZXz+AFFLmCE=</latexit>"
A� �I

#

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="pQHaG41NC/CnT2NtYZtm2aLYRww=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8bAyrNbfu5kCrxCtIDQq0htWvQRiTVFBpCMda9z03MX6GlWGE01llkGqaYDLBI9q3VGJBtZ/lC8/QmVVCFMXKPmlQrv6eyLDQeioCmxTYjPWyNxf/8/qpia79jMkkNVSSxUdRypGJ0fx6FDJFieFTSzBRzO6KyBgrTIztqGJL8JZPXiWdRt27rHv3F7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w9qS5Ao</latexit>

�2

<latexit sha1_base64="pOF+Z9H6CtXncYIlXgnv/Dnna9o=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IRUY9FLx4r2Fppl5LNZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWwcCw8w88t6EqeDG+v63V1pZXVvfKG9WtrZ3dveq+wdtk2SashZNRKI7ITFMcMVallvBOqlmRIaCPYSjm6n/8MS04Ym6t+OUBZIMFI85JdZJjz3hohHp43615tf9GdAywQWpQYFmv/rVixKaSaYsFcSYLvZTG+REW04Fm1R6mWEpoSMyYF1HFZHMBPls4Qk6cUqE4kS7pyyaqb8nciKNGcvQJSWxQ7PoTcX/vG5m46sg5yrNLFN0/lGcCWQTNL0eRVwzasXYEUI1d7siOiSaUOs6qrgS8OLJy6R9VscXdXx3XmtcF3WU4QiO4RQwXEIDbqEJLaAg4Rle4c3T3ov37n3MoyWvmDmEP/A+fwBox5An</latexit>

�1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2
<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="pQHaG41NC/CnT2NtYZtm2aLYRww=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8bAyrNbfu5kCrxCtIDQq0htWvQRiTVFBpCMda9z03MX6GlWGE01llkGqaYDLBI9q3VGJBtZ/lC8/QmVVCFMXKPmlQrv6eyLDQeioCmxTYjPWyNxf/8/qpia79jMkkNVSSxUdRypGJ0fx6FDJFieFTSzBRzO6KyBgrTIztqGJL8JZPXiWdRt27rHv3F7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w9qS5Ao</latexit>

�2

<latexit sha1_base64="pOF+Z9H6CtXncYIlXgnv/Dnna9o=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IRUY9FLx4r2Fppl5LNZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWwcCw8w88t6EqeDG+v63V1pZXVvfKG9WtrZ3dveq+wdtk2SashZNRKI7ITFMcMVallvBOqlmRIaCPYSjm6n/8MS04Ym6t+OUBZIMFI85JdZJjz3hohHp43615tf9GdAywQWpQYFmv/rVixKaSaYsFcSYLvZTG+REW04Fm1R6mWEpoSMyYF1HFZHMBPls4Qk6cUqE4kS7pyyaqb8nciKNGcvQJSWxQ7PoTcX/vG5m46sg5yrNLFN0/lGcCWQTNL0eRVwzasXYEUI1d7siOiSaUOs6qrgS8OLJy6R9VscXdXx3XmtcF3WU4QiO4RQwXEIDbqEJLaAg4Rle4c3T3ov37n3MoyWvmDmEP/A+fwBox5An</latexit>

�1

<latexit sha1_base64="FjTf88mmnd6tEcoLSf+lYMqgi98=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjFfsBTSyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3HT5qCtDwYe780wMy+IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0lCjKmjQSkeoERDPBJWsCB8E6sWIkDARrB+Pr3G8/MqV5JO9hEjM/JEPJB5wSMFLPPvRCAqMgSO+yh7SGPeAh07iW9eyKU3WmwIvELUgFFWj07C+vH9EkZBKoIFp3XScGPyUKOBUsK3uJZjGhYzJkXUMlMXv8dPpAhk+M0seDSJmSgKfq74mUhFpPwsB05ufqeS8X//O6CQwu/ZTLOAEm6WzRIBEYIpyngftcMQpiYgihiptbMR0RRSiYzMomBHf+5UXSqlXd86p7e1apXxVxlNAROkanyEUXqI5uUAM1EUUZekav6M16sl6sd+tj1rpkFTMH6A+szx8vX5Yj</latexit>

R2⇥2<latexit sha1_base64="wBYnXX1S0MBTtboW0UXeARhYGHQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJvyZdoXrVmlt3ZyDLxCtIDQo0e9Wvbj9hWcwVMkmN6XhuikFONQom+aTSzQxPKRvRAe9YqmjMTZDPjp2QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7EheIsvL5PHs7p3Uffuz2uNmyKOMhzBMZyCB5fQgDtogg8MBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8s745G</latexit>

A 2
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A =
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="wkYzskg3gRY2IU2yPhp6HOnr6Pc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5JYUY9VLx6r2A9oYtlst+3SzSbsToQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCWHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFQzIJoJLlkNOAjWjBUjYSBYIxhcjf3GA1OaR/IOhjHzQ9KTvMspASO17f0L7HGJvZBAPwjS29F9WsYe8JBpXB617aJTcibA88TNSBFlqLbtL68T0SRkEqggWrdcJwY/JQo4FWxU8BLNYkIHpMdahkpi9vjp5I0RPjRKB3cjZUoCnqi/J1ISaj0MA9M5PlfPemPxP6+VQPfcT7mME2CSThd1E4EhwuNMcIcrRkEMDSFUcXMrpn2iCAWTXMGE4M6+PE/qxyX3tOTenBQrl1kcebSHDtARctEZqqBrVEU1RNEjekav6M16sl6sd+tj2pqzspld9AfW5w/R7JgV</latexit>

A 2 R3⇥3
<latexit sha1_base64="/ofZ4uTqis4cyiYJ/3X5B3UzPig=">AAACMXicbVDLTsMwEHTKq4RXgCMXiwrEqUoKAo4tXDgWiRakpoocd9tadZzIdhBV6C9x4U8QFw4gxJWfwH2IR8tKa41mduTdCRPOlHbdFys3N7+wuJRftldW19Y3nM2tuopTSaFGYx7Lm5Ao4ExATTPN4SaRQKKQw3XYOx/q17cgFYvFle4n0IxIR7A2o0QbKnAu/BA6TGRhRLRkdwP7Hu/jcfu+XQk8AytBafQeDqkf3fZBtL6NgVNwi+6o8CzwJqCAJlUNnCe/FdM0AqEpJ0o1PDfRzYxIzSiHge2nChJCe6QDDQMFiUA1s9HFA7xnmBZux9K00HjE/nZkJFKqH4Vm0uzXVdPakPxPa6S6fdrMmEhSDYKOP2qnHOsYD+PDLSaBat43gFDJzK6YdokkVJuQbROCN33yLKiXit5x0bs8KpTPJnHk0Q7aRQfIQyeojC5QFdUQRQ/oGb2iN+vRerHerY/xaM6aeLbRn7I+vwCu2KUN</latexit>2

4
| | |
A1 A2 A3

| | |

3

5

<latexit sha1_base64="YV31iKQBDQXT3oEEdGzbDwuDU5o=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPsYdJy78rYCHPxUlKYIydTxAPR/n2jZeecvDMOPC/cVORQGqWW/ey1QxoHIDTlRKmG60S6mRCpGeUwzHqxgojQPulCw0hBAlDNZLz8EB8a0sadUJojNB7T6Y6EBEoNAt9Umvl6ajY3gv/lGrHuXDQTJqJYg6CTjzoxxzrEIydxm0mgmg+MIFQyMyumPSIJ1cbvrDHBnV15XlQLefcs796c5oqXqR0ZtI8O0BFy0TkqomtUQhVE0SN6Re/ow3qy3qxP62tSumClPXvoT1jfP7otqHM=</latexit>2

4
� aT1 �
� aT2 �
� aT3 �

3

5

<latexit sha1_base64="3oOYutb6Y+blmIcLmRYip/uPuaI=">AAACMXicbVDLSgMxFM3UVx1fVZdugkVxVWaqqMuimy4r2Ad0ypBJb9vQTGZIMmIZ+0tu/BNx04Uibv0J0wc+Wi/ccDjnHnLvCWLOlHackZVZWl5ZXcuu2xubW9s7ud29mooSSaFKIx7JRkAUcCagqpnm0IglkDDgUA/612O9fgdSsUjc6kEMrZB0BeswSrSh/FzZC6DLRBqEREt2P7Qf8DGetufZNd81sOYXJ+/pmPrRbQ9E+9vo5/JOwZkUXgTuDOTRrCp+7tlrRzQJQWjKiVJN14l1KyVSM8phaHuJgpjQPulC00BBQlCtdHLxEB8Zpo07kTQtNJ6wvx0pCZUahIGZNPv11Lw2Jv/TmonuXLZSJuJEg6DTjzoJxzrC4/hwm0mgmg8MIFQysyumPSIJ1SZk24Tgzp+8CGrFgntecG/O8qWrWRxZdIAO0Qly0QUqoTKqoCqi6BG9oFf0Zj1ZI+vd+piOZqyZZx/9KevzCxc/pUw=</latexit>2

4
| | |
V1 V2 V3

| | |

3

5

<latexit sha1_base64="Ps8+2xBXKhzpmiTpB3gCKJLkAOM=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPs4VrLvStjI8zFS0lhjpxMEQ9E+/eNlp1z8s448LxwU5FDaZRa9rPXDmkcgNCUE6UarhPpZkKkZpTDMOvFCiJC+6QLDSMFCUA1k/HyQ3xoSBt3QmmO0HhMpzsSEig1CHxTaebrqdncCP6Xa8S6c9FMmIhiDYJOPurEHOsQj5zEbSaBaj4wglDJzKyY9ogkVBu/s8YEd3bleVEt5N2zvHtzmitepnZk0D46QEfIReeoiK5RCVUQRY/oFb2jD+vJerM+ra9J6YKV9uyhP2F9/wCHjahV</latexit>2

4
� WT

1 �
� WT

2 �
� WT

3 �

3

5

<latexit sha1_base64="odj0FfFTshto1ycE7gML4SUWim8=">AAACRHicbVDLSgMxFM34rPU16tJNsCiuykwVdVl047KCfUCnlEzmtg3NZIYkI5ahH+fGD3DnF7hxoYhbMdNWrK0HLhzOuffm5vgxZ0o7zrO1sLi0vLKaW8uvb2xubds7uzUVJZJClUY8kg2fKOBMQFUzzaERSyChz6Hu968yv34HUrFI3OpBDK2QdAXrMEq0kdp20/Ohy0Tqh0RLdj/Me9wMB6Tt4iPsjMrz8hn5MUrT4rRxgvMeiOB3VdsuOEVnBDxP3AkpoAkqbfvJCyKahCA05USppuvEupUSqRnlYG5LFMSE9kkXmoYKEoJqpaMQhvjQKAHuRNKU0HikTk+kJFRqEPqm0xzYU7NeJv7nNRPduWilTMSJBkHHD3USjnWEs0RxwCRQzQeGECqZuRXTHpGEapN7FoI7++V5UisV3bOie3NaKF9O4sihfXSAjpGLzlEZXaMKqiKKHtALekPv1qP1an1Yn+PWBWsys4f+wPr6BgGiq4E=</latexit>2

4
�1 0 0
0 �2 0
0 0 �3

3

5

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="ktzp3U5+tyq4m3aYiItV/mgulA0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxko+7V481rulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuaoIxVYYzgZNiJ9OYUjakfWxbKmmMOhjPjp2QU6v0SJQoW9KQmfp7YkxjrUdxaDtjagZ60ZuK/3ntzEQ3wZjLNDMo2XxRlAliEjL9nPS4QmbEyBLKFLe3EjagijJj8ynaELzFl5dJ47ziXVW8h8ty9TaPowDHcAJn4ME1VOEeauADAw7P8ApvjnRenHfnY9664uQzR/AHzucPR5OOVw==</latexit>

aT3
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A =
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="wkYzskg3gRY2IU2yPhp6HOnr6Pc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5JYUY9VLx6r2A9oYtlst+3SzSbsToQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCWHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFQzIJoJLlkNOAjWjBUjYSBYIxhcjf3GA1OaR/IOhjHzQ9KTvMspASO17f0L7HGJvZBAPwjS29F9WsYe8JBpXB617aJTcibA88TNSBFlqLbtL68T0SRkEqggWrdcJwY/JQo4FWxU8BLNYkIHpMdahkpi9vjp5I0RPjRKB3cjZUoCnqi/J1ISaj0MA9M5PlfPemPxP6+VQPfcT7mME2CSThd1E4EhwuNMcIcrRkEMDSFUcXMrpn2iCAWTXMGE4M6+PE/qxyX3tOTenBQrl1kcebSHDtARctEZqqBrVEU1RNEjekav6M16sl6sd+tj2pqzspld9AfW5w/R7JgV</latexit>

A 2 R3⇥3
<latexit sha1_base64="/ofZ4uTqis4cyiYJ/3X5B3UzPig=">AAACMXicbVDLTsMwEHTKq4RXgCMXiwrEqUoKAo4tXDgWiRakpoocd9tadZzIdhBV6C9x4U8QFw4gxJWfwH2IR8tKa41mduTdCRPOlHbdFys3N7+wuJRftldW19Y3nM2tuopTSaFGYx7Lm5Ao4ExATTPN4SaRQKKQw3XYOx/q17cgFYvFle4n0IxIR7A2o0QbKnAu/BA6TGRhRLRkdwP7Hu/jcfu+XQk8AytBafQeDqkf3fZBtL6NgVNwi+6o8CzwJqCAJlUNnCe/FdM0AqEpJ0o1PDfRzYxIzSiHge2nChJCe6QDDQMFiUA1s9HFA7xnmBZux9K00HjE/nZkJFKqH4Vm0uzXVdPakPxPa6S6fdrMmEhSDYKOP2qnHOsYD+PDLSaBat43gFDJzK6YdokkVJuQbROCN33yLKiXit5x0bs8KpTPJnHk0Q7aRQfIQyeojC5QFdUQRQ/oGb2iN+vRerHerY/xaM6aeLbRn7I+vwCu2KUN</latexit>2

4
| | |
A1 A2 A3

| | |

3

5

<latexit sha1_base64="YV31iKQBDQXT3oEEdGzbDwuDU5o=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPsYdJy78rYCHPxUlKYIydTxAPR/n2jZeecvDMOPC/cVORQGqWW/ey1QxoHIDTlRKmG60S6mRCpGeUwzHqxgojQPulCw0hBAlDNZLz8EB8a0sadUJojNB7T6Y6EBEoNAt9Umvl6ajY3gv/lGrHuXDQTJqJYg6CTjzoxxzrEIydxm0mgmg+MIFQyMyumPSIJ1cbvrDHBnV15XlQLefcs796c5oqXqR0ZtI8O0BFy0TkqomtUQhVE0SN6Re/ow3qy3qxP62tSumClPXvoT1jfP7otqHM=</latexit>2

4
� aT1 �
� aT2 �
� aT3 �

3

5

<latexit sha1_base64="3oOYutb6Y+blmIcLmRYip/uPuaI=">AAACMXicbVDLSgMxFM3UVx1fVZdugkVxVWaqqMuimy4r2Ad0ypBJb9vQTGZIMmIZ+0tu/BNx04Uibv0J0wc+Wi/ccDjnHnLvCWLOlHackZVZWl5ZXcuu2xubW9s7ud29mooSSaFKIx7JRkAUcCagqpnm0IglkDDgUA/612O9fgdSsUjc6kEMrZB0BeswSrSh/FzZC6DLRBqEREt2P7Qf8DGetufZNd81sOYXJ+/pmPrRbQ9E+9vo5/JOwZkUXgTuDOTRrCp+7tlrRzQJQWjKiVJN14l1KyVSM8phaHuJgpjQPulC00BBQlCtdHLxEB8Zpo07kTQtNJ6wvx0pCZUahIGZNPv11Lw2Jv/TmonuXLZSJuJEg6DTjzoJxzrC4/hwm0mgmg8MIFQysyumPSIJ1SZk24Tgzp+8CGrFgntecG/O8qWrWRxZdIAO0Qly0QUqoTKqoCqi6BG9oFf0Zj1ZI+vd+piOZqyZZx/9KevzCxc/pUw=</latexit>2

4
| | |
V1 V2 V3

| | |

3

5

<latexit sha1_base64="Ps8+2xBXKhzpmiTpB3gCKJLkAOM=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPs4VrLvStjI8zFS0lhjpxMEQ9E+/eNlp1z8s448LxwU5FDaZRa9rPXDmkcgNCUE6UarhPpZkKkZpTDMOvFCiJC+6QLDSMFCUA1k/HyQ3xoSBt3QmmO0HhMpzsSEig1CHxTaebrqdncCP6Xa8S6c9FMmIhiDYJOPurEHOsQj5zEbSaBaj4wglDJzKyY9ogkVBu/s8YEd3bleVEt5N2zvHtzmitepnZk0D46QEfIReeoiK5RCVUQRY/oFb2jD+vJerM+ra9J6YKV9uyhP2F9/wCHjahV</latexit>2

4
� WT

1 �
� WT

2 �
� WT

3 �

3

5

<latexit sha1_base64="odj0FfFTshto1ycE7gML4SUWim8=">AAACRHicbVDLSgMxFM34rPU16tJNsCiuykwVdVl047KCfUCnlEzmtg3NZIYkI5ahH+fGD3DnF7hxoYhbMdNWrK0HLhzOuffm5vgxZ0o7zrO1sLi0vLKaW8uvb2xubds7uzUVJZJClUY8kg2fKOBMQFUzzaERSyChz6Hu968yv34HUrFI3OpBDK2QdAXrMEq0kdp20/Ohy0Tqh0RLdj/Me9wMB6Tt4iPsjMrz8hn5MUrT4rRxgvMeiOB3VdsuOEVnBDxP3AkpoAkqbfvJCyKahCA05USppuvEupUSqRnlYG5LFMSE9kkXmoYKEoJqpaMQhvjQKAHuRNKU0HikTk+kJFRqEPqm0xzYU7NeJv7nNRPduWilTMSJBkHHD3USjnWEs0RxwCRQzQeGECqZuRXTHpGEapN7FoI7++V5UisV3bOie3NaKF9O4sihfXSAjpGLzlEZXaMKqiKKHtALekPv1qP1an1Yn+PWBWsys4f+wPr6BgGiq4E=</latexit>2

4
�1 0 0
0 �2 0
0 0 �3

3

5

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="ktzp3U5+tyq4m3aYiItV/mgulA0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxko+7V481rulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuaoIxVYYzgZNiJ9OYUjakfWxbKmmMOhjPjp2QU6v0SJQoW9KQmfp7YkxjrUdxaDtjagZ60ZuK/3ntzEQ3wZjLNDMo2XxRlAliEjL9nPS4QmbEyBLKFLe3EjagijJj8ynaELzFl5dJ47ziXVW8h8ty9TaPowDHcAJn4ME1VOEeauADAw7P8ApvjnRenHfnY9664uQzR/AHzucPR5OOVw==</latexit>

aT3
<latexit sha1_base64="YhFxFF/zFDsy3oRUj5Lf2t4xPnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQWqgQhYCxlga1I9CElUeU4TmrVcSLbQaqiziz8CgsDCLHyBWz8DW6aAVquZen4nHt0fY+fMiqVZX0bC4tLyyurlbXq+sbm1ra5s9uRSSYwaeOEJaLnI0kY5aStqGKklwqCYp+Rrj+8nujdByIkTfi9GqXEi1HEaUgxUprqmwduk0aRA119rk5cpp0BgrfFu5C8vlmz6lZRcB7YJaiBslp988sNEpzFhCvMkJSObaXKy5FQFDMyrrqZJCnCQxQRR0OOYiK9vFhlDI80E8AwEfpyBQv2tyNHsZSj2NedMVIDOatNyP80J1PhpZdTnmaKcDwdFGYMqgROcoEBFQQrNtIAYUH1XyEeIIGw0ulVdQj27MrzoHNat8/r9t1ZrdEs46iAfXAIjoENLkAD3IAWaAMMHsEzeAVvxpPxYrwbH9PWBaP07IE/ZXz+AFFLmCE=</latexit>"
A� �I

#
<latexit sha1_base64="YhFxFF/zFDsy3oRUj5Lf2t4xPnw=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQWqgQhYCxlga1I9CElUeU4TmrVcSLbQaqiziz8CgsDCLHyBWz8DW6aAVquZen4nHt0fY+fMiqVZX0bC4tLyyurlbXq+sbm1ra5s9uRSSYwaeOEJaLnI0kY5aStqGKklwqCYp+Rrj+8nujdByIkTfi9GqXEi1HEaUgxUprqmwduk0aRA119rk5cpp0BgrfFu5C8vlmz6lZRcB7YJaiBslp988sNEpzFhCvMkJSObaXKy5FQFDMyrrqZJCnCQxQRR0OOYiK9vFhlDI80E8AwEfpyBQv2tyNHsZSj2NedMVIDOatNyP80J1PhpZdTnmaKcDwdFGYMqgROcoEBFQQrNtIAYUH1XyEeIIGw0ulVdQj27MrzoHNat8/r9t1ZrdEs46iAfXAIjoENLkAD3IAWaAMMHsEzeAVvxpPxYrwbH9PWBaP07IE/ZXz+AFFLmCE=</latexit>"
A� �I

#

drops rank 

for eigenvalue 

drops rank 

for eigenvalue 
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A =
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="wkYzskg3gRY2IU2yPhp6HOnr6Pc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5JYUY9VLx6r2A9oYtlst+3SzSbsToQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCWHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFQzIJoJLlkNOAjWjBUjYSBYIxhcjf3GA1OaR/IOhjHzQ9KTvMspASO17f0L7HGJvZBAPwjS29F9WsYe8JBpXB617aJTcibA88TNSBFlqLbtL68T0SRkEqggWrdcJwY/JQo4FWxU8BLNYkIHpMdahkpi9vjp5I0RPjRKB3cjZUoCnqi/J1ISaj0MA9M5PlfPemPxP6+VQPfcT7mME2CSThd1E4EhwuNMcIcrRkEMDSFUcXMrpn2iCAWTXMGE4M6+PE/qxyX3tOTenBQrl1kcebSHDtARctEZqqBrVEU1RNEjekav6M16sl6sd+tj2pqzspld9AfW5w/R7JgV</latexit>

A 2 R3⇥3
<latexit sha1_base64="/ofZ4uTqis4cyiYJ/3X5B3UzPig=">AAACMXicbVDLTsMwEHTKq4RXgCMXiwrEqUoKAo4tXDgWiRakpoocd9tadZzIdhBV6C9x4U8QFw4gxJWfwH2IR8tKa41mduTdCRPOlHbdFys3N7+wuJRftldW19Y3nM2tuopTSaFGYx7Lm5Ao4ExATTPN4SaRQKKQw3XYOx/q17cgFYvFle4n0IxIR7A2o0QbKnAu/BA6TGRhRLRkdwP7Hu/jcfu+XQk8AytBafQeDqkf3fZBtL6NgVNwi+6o8CzwJqCAJlUNnCe/FdM0AqEpJ0o1PDfRzYxIzSiHge2nChJCe6QDDQMFiUA1s9HFA7xnmBZux9K00HjE/nZkJFKqH4Vm0uzXVdPakPxPa6S6fdrMmEhSDYKOP2qnHOsYD+PDLSaBat43gFDJzK6YdokkVJuQbROCN33yLKiXit5x0bs8KpTPJnHk0Q7aRQfIQyeojC5QFdUQRQ/oGb2iN+vRerHerY/xaM6aeLbRn7I+vwCu2KUN</latexit>2

4
| | |
A1 A2 A3

| | |

3

5

<latexit sha1_base64="YV31iKQBDQXT3oEEdGzbDwuDU5o=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPsYdJy78rYCHPxUlKYIydTxAPR/n2jZeecvDMOPC/cVORQGqWW/ey1QxoHIDTlRKmG60S6mRCpGeUwzHqxgojQPulCw0hBAlDNZLz8EB8a0sadUJojNB7T6Y6EBEoNAt9Umvl6ajY3gv/lGrHuXDQTJqJYg6CTjzoxxzrEIydxm0mgmg+MIFQyMyumPSIJ1cbvrDHBnV15XlQLefcs796c5oqXqR0ZtI8O0BFy0TkqomtUQhVE0SN6Re/ow3qy3qxP62tSumClPXvoT1jfP7otqHM=</latexit>2

4
� aT1 �
� aT2 �
� aT3 �

3

5

<latexit sha1_base64="3oOYutb6Y+blmIcLmRYip/uPuaI=">AAACMXicbVDLSgMxFM3UVx1fVZdugkVxVWaqqMuimy4r2Ad0ypBJb9vQTGZIMmIZ+0tu/BNx04Uibv0J0wc+Wi/ccDjnHnLvCWLOlHackZVZWl5ZXcuu2xubW9s7ud29mooSSaFKIx7JRkAUcCagqpnm0IglkDDgUA/612O9fgdSsUjc6kEMrZB0BeswSrSh/FzZC6DLRBqEREt2P7Qf8DGetufZNd81sOYXJ+/pmPrRbQ9E+9vo5/JOwZkUXgTuDOTRrCp+7tlrRzQJQWjKiVJN14l1KyVSM8phaHuJgpjQPulC00BBQlCtdHLxEB8Zpo07kTQtNJ6wvx0pCZUahIGZNPv11Lw2Jv/TmonuXLZSJuJEg6DTjzoJxzrC4/hwm0mgmg8MIFQysyumPSIJ1SZk24Tgzp+8CGrFgntecG/O8qWrWRxZdIAO0Qly0QUqoTKqoCqi6BG9oFf0Zj1ZI+vd+piOZqyZZx/9KevzCxc/pUw=</latexit>2

4
| | |
V1 V2 V3

| | |

3

5

<latexit sha1_base64="Ps8+2xBXKhzpmiTpB3gCKJLkAOM=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPs4VrLvStjI8zFS0lhjpxMEQ9E+/eNlp1z8s448LxwU5FDaZRa9rPXDmkcgNCUE6UarhPpZkKkZpTDMOvFCiJC+6QLDSMFCUA1k/HyQ3xoSBt3QmmO0HhMpzsSEig1CHxTaebrqdncCP6Xa8S6c9FMmIhiDYJOPurEHOsQj5zEbSaBaj4wglDJzKyY9ogkVBu/s8YEd3bleVEt5N2zvHtzmitepnZk0D46QEfIReeoiK5RCVUQRY/oFb2jD+vJerM+ra9J6YKV9uyhP2F9/wCHjahV</latexit>2

4
� WT

1 �
� WT

2 �
� WT

3 �

3

5

<latexit sha1_base64="odj0FfFTshto1ycE7gML4SUWim8=">AAACRHicbVDLSgMxFM34rPU16tJNsCiuykwVdVl047KCfUCnlEzmtg3NZIYkI5ahH+fGD3DnF7hxoYhbMdNWrK0HLhzOuffm5vgxZ0o7zrO1sLi0vLKaW8uvb2xubds7uzUVJZJClUY8kg2fKOBMQFUzzaERSyChz6Hu968yv34HUrFI3OpBDK2QdAXrMEq0kdp20/Ohy0Tqh0RLdj/Me9wMB6Tt4iPsjMrz8hn5MUrT4rRxgvMeiOB3VdsuOEVnBDxP3AkpoAkqbfvJCyKahCA05USppuvEupUSqRnlYG5LFMSE9kkXmoYKEoJqpaMQhvjQKAHuRNKU0HikTk+kJFRqEPqm0xzYU7NeJv7nNRPduWilTMSJBkHHD3USjnWEs0RxwCRQzQeGECqZuRXTHpGEapN7FoI7++V5UisV3bOie3NaKF9O4sihfXSAjpGLzlEZXaMKqiKKHtALekPv1qP1an1Yn+PWBWsys4f+wPr6BgGiq4E=</latexit>2

4
�1 0 0
0 �2 0
0 0 �3

3

5

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="m988ii8ns2OKxfyt3ZZqV4jwpss=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7OrftHQqn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9Plodo=</latexit>2

4
| |
V2 V3

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="eMY56T7Wm65ivwdkOll24RqALuA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ1cJzyIKYDJSLBKFrJb/W8x0avXHGr7hxklXg5qUCOeq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7qIMPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fNTeOSw==</latexit>

WT
1

<latexit sha1_base64="m988ii8ns2OKxfyt3ZZqV4jwpss=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7OrftHQqn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9Plodo=</latexit>2

4
| |
V2 V3

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="ktzp3U5+tyq4m3aYiItV/mgulA0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxko+7V481rulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuaoIxVYYzgZNiJ9OYUjakfWxbKmmMOhjPjp2QU6v0SJQoW9KQmfp7YkxjrUdxaDtjagZ60ZuK/3ntzEQ3wZjLNDMo2XxRlAliEjL9nPS4QmbEyBLKFLe3EjagijJj8ynaELzFl5dJ47ziXVW8h8ty9TaPowDHcAJn4ME1VOEeauADAw7P8ApvjnRenHfnY9664uQzR/AHzucPR5OOVw==</latexit>

aT3

<latexit sha1_base64="Jej10Sjg8SvYnnbxteXZcHr5ee4=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7NrftHQmn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9cnodw=</latexit>2

4
| |

W2 W3

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="Jej10Sjg8SvYnnbxteXZcHr5ee4=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7NrftHQmn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9cnodw=</latexit>2

4
| |

W2 W3

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="Jej10Sjg8SvYnnbxteXZcHr5ee4=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7NrftHQmn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9cnodw=</latexit>2

4
| |

W2 W3

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="+0psU4wSQXOXu/+NNzd1AFOiE3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDZzY2E</latexit>

V1

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="LhJ49SpwmMXyCn2MBuKcEIJd0tY=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAhuLDMi6rLqRncV7APaoWQymTY0kxmTTKEM/Q43LhRx68e4829M21lo64HA4ZxzuTfHTwTXxnG+0dLyyuraemGjuLm1vbNb2ttv6DhVlNVpLGLV8olmgktWN9wI1koUI5EvWNMf3E785pApzWP5aEYJ8yLSkzzklBgredenHWHDAem6+L5bKjsVZwq8SNyclCFHrVv66gQxTSMmDRVE67brJMbLiDKcCjYudlLNEkIHpMfalkoSMe1l06PH+NgqAQ5jZZ80eKr+nshIpPUo8m0yIqav572J+J/XTk145WVcJqlhks4WhanAJsaTBnDAFaNGjCwhVHF7K6Z9ogg1tqeiLcGd//IiaZxV3IuK+3Bert7kdRTgEI7gBFy4hCrcQQ3qQOEJnuEV3tAQvaB39DGLLqF85gD+AH3+AE5SkSY=</latexit>

A� �1I
<latexit sha1_base64="LhJ49SpwmMXyCn2MBuKcEIJd0tY=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAhuLDMi6rLqRncV7APaoWQymTY0kxmTTKEM/Q43LhRx68e4829M21lo64HA4ZxzuTfHTwTXxnG+0dLyyuraemGjuLm1vbNb2ttv6DhVlNVpLGLV8olmgktWN9wI1koUI5EvWNMf3E785pApzWP5aEYJ8yLSkzzklBgredenHWHDAem6+L5bKjsVZwq8SNyclCFHrVv66gQxTSMmDRVE67brJMbLiDKcCjYudlLNEkIHpMfalkoSMe1l06PH+NgqAQ5jZZ80eKr+nshIpPUo8m0yIqav572J+J/XTk145WVcJqlhks4WhanAJsaTBnDAFaNGjCwhVHF7K6Z9ogg1tqeiLcGd//IiaZxV3IuK+3Bert7kdRTgEI7gBFy4hCrcQQ3qQOEJnuEV3tAQvaB39DGLLqF85gD+AH3+AE5SkSY=</latexit>

A� �1I
<latexit sha1_base64="m988ii8ns2OKxfyt3ZZqV4jwpss=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7OrftHQqn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9Plodo=</latexit>2

4
| |
V2 V3

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="m988ii8ns2OKxfyt3ZZqV4jwpss=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7OrftHQqn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9Plodo=</latexit>2

4
| |
V2 V3

| |

3

5

<latexit sha1_base64="TbUeAYF4IJGGj0WFcrZBG0zzKlM=">AAACKXicbVDLSgMxFM3UV62vUZdugkVwY5mpoi6LblxW6As6tWTS2zY0kxmSjFiG/o4bf8WNgqJu/RHTdvDReiHkcM493HuPH3GmtOO8W5mFxaXllexqbm19Y3PL3t6pqTCWFKo05KFs+EQBZwKqmmkOjUgCCXwOdX9wOdbrtyAVC0VFDyNoBaQnWJdRog3VtkueDz0mEj8gWrK7Ec4dYQ/X28WbivkN9lLi+IfwQHS+DW077xScSeF54KYgj9Iqt+1nrxPSOAChKSdKNV0n0q2ESM0oh1HOixVEhA5ID5oGChKAaiWTS0f4wDAd3A2leULjCfvbkZBAqWHgm06zX1/NamPyP60Z6+55K2EiijUIOh3UjTnWIR7HhjtMAtV8aAChkpldMe0TSag24eZMCO7syfOgViy4pwX3+iRfukjjyKI9tI8OkYvOUAldoTKqIoru0SN6Qa/Wg/VkvVkf09aMlXp20Z+yPr8AxBajSg==</latexit>
� WT

2 �
� WT

3 �

�<latexit sha1_base64="QtSskhvPc6Y2IZ+jnfclKb4p4DU="></latexit>
�2 � �1 0

0 �3 � �1

� <latexit sha1_base64="m988ii8ns2OKxfyt3ZZqV4jwpss=">AAACJHicbVDLSgMxFM3UVx1fVZdugkVxVWaqqOCm6MZlBfuAThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSeIOVPacT6tzMLi0vJKdtVeW9/Y3Mpt71RVlEgKFRrxSNYDooAzARXNNId6LIGEAYda0Lsa+bU7kIpF4lb3Y2iGpCNYm1GijeTnLrwAOkykQUi0ZPdDbA/wIR5gz7OrftHQqn88+kxU2wPR+qn1c3mn4IyB54k7JXk0RdnPvXmtiCYhCE05UarhOrFupkRqRjkMbS9REBPaIx1oGCpICKqZjo8c4gOjtHA7kuYJjcfq746UhEr1w8BUmv26atYbif95jUS3z5spE3GiQdDJoHbCsY7wKDHcYhKo5n1DCJXM7Ippl0hCtcnVNiG4syfPk2qx4J4W3JuTfOlyGkcW7aF9dIRcdIZK6BqVUQVR9ICe0At6tR6tZ+vd+piUZqxpzy76A+vrG9Plodo=</latexit>2

4
| |
V2 V3

| |

3

5

<latexit sha1_base64="TbUeAYF4IJGGj0WFcrZBG0zzKlM=">AAACKXicbVDLSgMxFM3UV62vUZdugkVwY5mpoi6LblxW6As6tWTS2zY0kxmSjFiG/o4bf8WNgqJu/RHTdvDReiHkcM493HuPH3GmtOO8W5mFxaXllexqbm19Y3PL3t6pqTCWFKo05KFs+EQBZwKqmmkOjUgCCXwOdX9wOdbrtyAVC0VFDyNoBaQnWJdRog3VtkueDz0mEj8gWrK7Ec4dYQ/X28WbivkN9lLi+IfwQHS+DW077xScSeF54KYgj9Iqt+1nrxPSOAChKSdKNV0n0q2ESM0oh1HOixVEhA5ID5oGChKAaiWTS0f4wDAd3A2leULjCfvbkZBAqWHgm06zX1/NamPyP60Z6+55K2EiijUIOh3UjTnWIR7HhjtMAtV8aAChkpldMe0TSag24eZMCO7syfOgViy4pwX3+iRfukjjyKI9tI8OkYvOUAldoTKqIoru0SN6Qa/Wg/VkvVkf09aMlXp20Z+yPr8AxBajSg==</latexit>
� WT

2 �
� WT

3 �

�<latexit sha1_base64="QtSskhvPc6Y2IZ+jnfclKb4p4DU="></latexit>
�2 � �1 0

0 �3 � �1

�
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Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A =
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="wkYzskg3gRY2IU2yPhp6HOnr6Pc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5JYUY9VLx6r2A9oYtlst+3SzSbsToQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCWHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFQzIJoJLlkNOAjWjBUjYSBYIxhcjf3GA1OaR/IOhjHzQ9KTvMspASO17f0L7HGJvZBAPwjS29F9WsYe8JBpXB617aJTcibA88TNSBFlqLbtL68T0SRkEqggWrdcJwY/JQo4FWxU8BLNYkIHpMdahkpi9vjp5I0RPjRKB3cjZUoCnqi/J1ISaj0MA9M5PlfPemPxP6+VQPfcT7mME2CSThd1E4EhwuNMcIcrRkEMDSFUcXMrpn2iCAWTXMGE4M6+PE/qxyX3tOTenBQrl1kcebSHDtARctEZqqBrVEU1RNEjekav6M16sl6sd+tj2pqzspld9AfW5w/R7JgV</latexit>

A 2 R3⇥3
<latexit sha1_base64="/ofZ4uTqis4cyiYJ/3X5B3UzPig=">AAACMXicbVDLTsMwEHTKq4RXgCMXiwrEqUoKAo4tXDgWiRakpoocd9tadZzIdhBV6C9x4U8QFw4gxJWfwH2IR8tKa41mduTdCRPOlHbdFys3N7+wuJRftldW19Y3nM2tuopTSaFGYx7Lm5Ao4ExATTPN4SaRQKKQw3XYOx/q17cgFYvFle4n0IxIR7A2o0QbKnAu/BA6TGRhRLRkdwP7Hu/jcfu+XQk8AytBafQeDqkf3fZBtL6NgVNwi+6o8CzwJqCAJlUNnCe/FdM0AqEpJ0o1PDfRzYxIzSiHge2nChJCe6QDDQMFiUA1s9HFA7xnmBZux9K00HjE/nZkJFKqH4Vm0uzXVdPakPxPa6S6fdrMmEhSDYKOP2qnHOsYD+PDLSaBat43gFDJzK6YdokkVJuQbROCN33yLKiXit5x0bs8KpTPJnHk0Q7aRQfIQyeojC5QFdUQRQ/oGb2iN+vRerHerY/xaM6aeLbRn7I+vwCu2KUN</latexit>2

4
| | |
A1 A2 A3

| | |

3

5

<latexit sha1_base64="YV31iKQBDQXT3oEEdGzbDwuDU5o=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPsYdJy78rYCHPxUlKYIydTxAPR/n2jZeecvDMOPC/cVORQGqWW/ey1QxoHIDTlRKmG60S6mRCpGeUwzHqxgojQPulCw0hBAlDNZLz8EB8a0sadUJojNB7T6Y6EBEoNAt9Umvl6ajY3gv/lGrHuXDQTJqJYg6CTjzoxxzrEIydxm0mgmg+MIFQyMyumPSIJ1cbvrDHBnV15XlQLefcs796c5oqXqR0ZtI8O0BFy0TkqomtUQhVE0SN6Re/ow3qy3qxP62tSumClPXvoT1jfP7otqHM=</latexit>2

4
� aT1 �
� aT2 �
� aT3 �

3

5

<latexit sha1_base64="3oOYutb6Y+blmIcLmRYip/uPuaI=">AAACMXicbVDLSgMxFM3UVx1fVZdugkVxVWaqqMuimy4r2Ad0ypBJb9vQTGZIMmIZ+0tu/BNx04Uibv0J0wc+Wi/ccDjnHnLvCWLOlHackZVZWl5ZXcuu2xubW9s7ud29mooSSaFKIx7JRkAUcCagqpnm0IglkDDgUA/612O9fgdSsUjc6kEMrZB0BeswSrSh/FzZC6DLRBqEREt2P7Qf8DGetufZNd81sOYXJ+/pmPrRbQ9E+9vo5/JOwZkUXgTuDOTRrCp+7tlrRzQJQWjKiVJN14l1KyVSM8phaHuJgpjQPulC00BBQlCtdHLxEB8Zpo07kTQtNJ6wvx0pCZUahIGZNPv11Lw2Jv/TmonuXLZSJuJEg6DTjzoJxzrC4/hwm0mgmg8MIFQysyumPSIJ1SZk24Tgzp+8CGrFgntecG/O8qWrWRxZdIAO0Qly0QUqoTKqoCqi6BG9oFf0Zj1ZI+vd+piOZqyZZx/9KevzCxc/pUw=</latexit>2

4
| | |
V1 V2 V3

| | |

3

5

<latexit sha1_base64="Ps8+2xBXKhzpmiTpB3gCKJLkAOM=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPs4VrLvStjI8zFS0lhjpxMEQ9E+/eNlp1z8s448LxwU5FDaZRa9rPXDmkcgNCUE6UarhPpZkKkZpTDMOvFCiJC+6QLDSMFCUA1k/HyQ3xoSBt3QmmO0HhMpzsSEig1CHxTaebrqdncCP6Xa8S6c9FMmIhiDYJOPurEHOsQj5zEbSaBaj4wglDJzKyY9ogkVBu/s8YEd3bleVEt5N2zvHtzmitepnZk0D46QEfIReeoiK5RCVUQRY/oFb2jD+vJerM+ra9J6YKV9uyhP2F9/wCHjahV</latexit>2

4
� WT

1 �
� WT

2 �
� WT

3 �

3

5

<latexit sha1_base64="odj0FfFTshto1ycE7gML4SUWim8=">AAACRHicbVDLSgMxFM34rPU16tJNsCiuykwVdVl047KCfUCnlEzmtg3NZIYkI5ahH+fGD3DnF7hxoYhbMdNWrK0HLhzOuffm5vgxZ0o7zrO1sLi0vLKaW8uvb2xubds7uzUVJZJClUY8kg2fKOBMQFUzzaERSyChz6Hu968yv34HUrFI3OpBDK2QdAXrMEq0kdp20/Ohy0Tqh0RLdj/Me9wMB6Tt4iPsjMrz8hn5MUrT4rRxgvMeiOB3VdsuOEVnBDxP3AkpoAkqbfvJCyKahCA05USppuvEupUSqRnlYG5LFMSE9kkXmoYKEoJqpaMQhvjQKAHuRNKU0HikTk+kJFRqEPqm0xzYU7NeJv7nNRPduWilTMSJBkHHD3USjnWEs0RxwCRQzQeGECqZuRXTHpGEapN7FoI7++V5UisV3bOie3NaKF9O4sihfXSAjpGLzlEZXaMKqiKKHtALekPv1qP1an1Yn+PWBWsys4f+wPr6BgGiq4E=</latexit>2

4
�1 0 0
0 �2 0
0 0 �3

3

5

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="zcW7SA5jorocXrXS94U6a45LyYc=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsSHBtaCbzhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f0k+h2Q==</latexit>2

4
| |
V3 V1

| |

3

5

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="zcW7SA5jorocXrXS94U6a45LyYc=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsSHBtaCbzhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f0k+h2Q==</latexit>2

4
| |
V3 V1

| |

3

5

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="zcW7SA5jorocXrXS94U6a45LyYc=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsSHBtaCbzhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f0k+h2Q==</latexit>2

4
| |
V3 V1

| |

3

5

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="5CJcdh79W3p5KnDjlakiUAJLhE4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFC0xbaWDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmGnuLu3f3BYOjpumiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR3cxvPXFtRKIaOE55ENOBEpFgFK3kt3rVx0avVHYr7hxklXg5KUOOeq/01e0nLIu5QiapMR3PTTGYUI2CST4tdjPDU8pGdMA7lioacxNM5sdOyblV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadoQ/CWX14lzWrFu6p4D5fl2m0eRwFO4QwuwINrqME91MEHBgKe4RXeHOW8OO/Ox6J1zclnTuAPnM8fNr2OTA==</latexit>

WT
2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="ktzp3U5+tyq4m3aYiItV/mgulA0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxko+7V481rulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuaoIxVYYzgZNiJ9OYUjakfWxbKmmMOhjPjp2QU6v0SJQoW9KQmfp7YkxjrUdxaDtjagZ60ZuK/3ntzEQ3wZjLNDMo2XxRlAliEjL9nPS4QmbEyBLKFLe3EjagijJj8ynaELzFl5dJ47ziXVW8h8ty9TaPowDHcAJn4ME1VOEeauADAw7P8ApvjnRenHfnY9664uQzR/AHzucPR5OOVw==</latexit>

aT3

<latexit sha1_base64="PusqECU16zQZ0rAKaMJd7MxEJrM=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsaHBtaDbzhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f1ZGh2w==</latexit>2

4
| |

W3 W1

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="PusqECU16zQZ0rAKaMJd7MxEJrM=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsaHBtaDbzhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f1ZGh2w==</latexit>2

4
| |

W3 W1

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="PusqECU16zQZ0rAKaMJd7MxEJrM=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsaHBtaDbzhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f1ZGh2w==</latexit>2

4
| |

W3 W1

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="RTWBk45bwMMcmRbhzCxAn2Mix+I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1a/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHbUY2F</latexit>

V2

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="H33GMndfyPMHusuQaBpvqGA1F9o=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgxpIUUZdVN7qrYB/QhjKZTNqhk0mcmRRK6He4caGIWz/GnX/jtM1CWw8MHM45l3vn+AlnSjvOt1VYWV1b3yhulra2d3b37P2DpopTSWiDxDyWbR8rypmgDc00p+1EUhz5nLb84e3Ub42oVCwWj3qcUC/CfcFCRrA2knd91uUmHOBeFd337LJTcWZAy8TNSRly1Hv2VzeISRpRoQnHSnVcJ9FehqVmhNNJqZsqmmAyxH3aMVTgiCovmx09QSdGCVAYS/OERjP190SGI6XGkW+SEdYDtehNxf+8TqrDKy9jIkk1FWS+KEw50jGaNoACJinRfGwIJpKZWxEZYImJNj2VTAnu4peXSbNacS8q7sN5uXaT11GEIziGU3DhEmpwB3VoAIEneIZXeLNG1ov1bn3MowUrnzmEP7A+fwBP2JEn</latexit>

A� �2I
<latexit sha1_base64="H33GMndfyPMHusuQaBpvqGA1F9o=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgxpIUUZdVN7qrYB/QhjKZTNqhk0mcmRRK6He4caGIWz/GnX/jtM1CWw8MHM45l3vn+AlnSjvOt1VYWV1b3yhulra2d3b37P2DpopTSWiDxDyWbR8rypmgDc00p+1EUhz5nLb84e3Ub42oVCwWj3qcUC/CfcFCRrA2knd91uUmHOBeFd337LJTcWZAy8TNSRly1Hv2VzeISRpRoQnHSnVcJ9FehqVmhNNJqZsqmmAyxH3aMVTgiCovmx09QSdGCVAYS/OERjP190SGI6XGkW+SEdYDtehNxf+8TqrDKy9jIkk1FWS+KEw50jGaNoACJinRfGwIJpKZWxEZYImJNj2VTAnu4peXSbNacS8q7sN5uXaT11GEIziGU3DhEmpwB3VoAIEneIZXeLNG1ov1bn3MowUrnzmEP7A+fwBP2JEn</latexit>

A� �2I

<latexit sha1_base64="ER5YQWhwG5+977QfDFLP/gwxl7k=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsSeIZWguPhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f0kOh2Q==</latexit>2

4
| |
V1 V3

| |

3

5

<latexit sha1_base64="sgCmtxaw7KC6NvPagyGS/MjTOIA=">AAACKXicbVDLSgMxFM34rPVVdekmWAQ3lhkVdVl047JCX9AZSyZz24ZmMkOSEcvQ33Hjr7hRUNStP2LaDj5aL4QczrmHe+/xY86Utu13a25+YXFpObeSX11b39gsbG3XVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hht+/HOmNW5CKRaKqBzF4IekK1mGUaEO1C2XXhy4TqR8SLdndEOcPsYsbbeeman6D3Yw4/iFcEMG3oV0o2iV7XHgWOBkooqwq7cKzG0Q0CUFoyolSLceOtZcSqRnlMMy7iYKY0D7pQstAQUJQXjq+dIj3DRPgTiTNExqP2d+OlIRKDULfdJr9empaG5H/aa1Ed869lIk40SDoZFAn4VhHeBQbDpgEqvnAAEIlM7ti2iOSUG3CzZsQnOmTZ0H9qOSclpzrk2L5Iosjh3bRHjpADjpDZXSFKqiGKLpHj+gFvVoP1pP1Zn1MWueszLOD/pT1+QXCaqNJ</latexit>
� WT

1 �
� WT

3 �

�
<latexit sha1_base64="X/NFLQvkxSuG9g9yt37M95N7ZzE="></latexit>
�1 � �2 0

0 �3 � �2

� <latexit sha1_base64="ER5YQWhwG5+977QfDFLP/gwxl7k=">AAACJHicbVDLSgMxFM34rONr1KWbYFFclRkVFdwU3bisYB/QKUMmvW1DM5khyYhl2o9x46+4ceEDF278FtMHoq0HAifn3Mu994QJZ0q77qc1N7+wuLScW7FX19Y3Np2t7YqKU0mhTGMey1pIFHAmoKyZ5lBLJJAo5FANu1dDv3oHUrFY3OpeAo2ItAVrMUq0kQLnwg+hzUQWRkRLdj/Adh8f4D72fbsSeIZWguPhZ6zaPojmT23g5N2COwKeJd6E5NEEpcB585sxTSMQmnKiVN1zE93IiNSMchjYfqogIbRL2lA3VJAIVCMbHTnA+0Zp4lYszRMaj9TfHRmJlOpFoak0+3XUtDcU//PqqW6dNzImklSDoONBrZRjHeNhYrjJJFDNe4YQKpnZFdMOkYRqk6ttQvCmT54llaOCd1rwbk7yxctJHDm0i/bQIfLQGSqia1RCZUTRA3pCL+jVerSerXfrY1w6Z016dtAfWF/f0kOh2Q==</latexit>2

4
| |
V1 V3

| |

3

5

<latexit sha1_base64="sgCmtxaw7KC6NvPagyGS/MjTOIA=">AAACKXicbVDLSgMxFM34rPVVdekmWAQ3lhkVdVl047JCX9AZSyZz24ZmMkOSEcvQ33Hjr7hRUNStP2LaDj5aL4QczrmHe+/xY86Utu13a25+YXFpObeSX11b39gsbG3XVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hht+/HOmNW5CKRaKqBzF4IekK1mGUaEO1C2XXhy4TqR8SLdndEOcPsYsbbeeman6D3Yw4/iFcEMG3oV0o2iV7XHgWOBkooqwq7cKzG0Q0CUFoyolSLceOtZcSqRnlMMy7iYKY0D7pQstAQUJQXjq+dIj3DRPgTiTNExqP2d+OlIRKDULfdJr9empaG5H/aa1Ed869lIk40SDoZFAn4VhHeBQbDpgEqvnAAEIlM7ti2iOSUG3CzZsQnOmTZ0H9qOSclpzrk2L5Iosjh3bRHjpADjpDZXSFKqiGKLpHj+gFvVoP1pP1Zn1MWueszLOD/pT1+QXCaqNJ</latexit>
� WT

1 �
� WT

3 �

�
<latexit sha1_base64="X/NFLQvkxSuG9g9yt37M95N7ZzE="></latexit>
�1 � �2 0

0 �3 � �2

�



Eigenvector/Eigenvalue Picture

Right Eigenvector: 
<latexit sha1_base64="sq/VayXRJJqMZv3XjgjTb8r8mjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQi6kaounFZwT6gDWUymbRDJ5M4MwmU0O9w40IRt36MO//GSZuFth4YOJxzD/fO8WLOlLbtb6u0srq2vlHerGxt7+zuVfcP2ipKJKEtEvFIdj2sKGeCtjTTnHZjSXHocdrxxne530mpVCwSj3oSUzfEQ8ECRrA2knuTomuU9rkJ+HhQrdl1ewa0TJyC1KBAc1D96vsRSUIqNOFYqZ5jx9rNsNSMcDqt9BNFY0zGeEh7hgocUuVms6On6MQoPgoiaZ7QaKb+TmQ4VGoSemYyxHqkFr1c/M/rJTq4cjMm4kRTQeaLgoQjHaG8AeQzSYnmE0MwkczcisgIS0y06aliSnAWv7xM2md156LuPJzXGrdFHWU4gmM4BQcuoQH30IQWEHiCZ3iFNyu1Xqx362M+WrKKzCH8gfX5A7INkWk=</latexit>

Av = v�

Left Eigenvectors:
<latexit sha1_base64="Df1oUsD1XFIGKdiZY+LCyNas21c=">AAAB+3icbVDLSgMxFL3js9bXWJdugkUQF2VGRN0IVTcuK9gHtGPJZDJtaCYzJBm1DP0VNy4UceuPuPNvTNtZaOuBkMM595Cb4yecKe0439bC4tLyymphrbi+sbm1be+UGipOJaF1EvNYtnysKGeC1jXTnLYSSXHkc9r0B9djv/lApWKxuNPDhHoR7gkWMoK1kbp26fH+6BJdIHOhDje5AHftslNxJkDzxM1JGXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+b7D5CB0YJUBhLc4RGE/V3IsORUsPIN5MR1n01643F/7x2qsNzL2MiSTUVZPpQmHKkYzQuAgVMUqL50BBMJDO7ItLHEhNt6iqaEtzZL8+TxnHFPa24tyfl6lVeRwH2YB8OwYUzqMIN1KAOBJ7gGV7hzRpZL9a79TEdXbDyzC78gfX5A8cikv4=</latexit>

w⇤A = w⇤�

For any eigenvalue 
<latexit sha1_base64="DnuZ+TdqxmN9MvnbwWcbKSc9dO0=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLosduOygn1AE8pkMmmHTiZhZiKU2IW/4saFIm79DXf+jdM2C209MHA491zumROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDrChngrY005x2U0lxHHDaCUaN6bzzQKViibjX45T6MR4IFjGCtZH69pHHjTnEyGMCeTHWwyDIG5O+XXVqzgxombgFqUKBZt/+8sKEZDEVmnCsVM91Uu3nWGpGOJ1UvEzRFJMRHtCeoQLHVPn5LP8EnRolRFEizRMazdTfGzmOlRrHgXFOE6rF2VT8b9bLdHTt50ykmaaCzA9FGUc6QdMyUMgkJZqPDcFEMpMVkSGWmGhTWcWU4C5+eZm0z2vuZc29u6jWb4o6ynAMJ3AGLlxBHW6hCS0g8AjP8Apv1pP1Yr1bH3NrySp2DuEPrM8feQmVwg==</latexit>

� 2 C
<latexit sha1_base64="RrdCml9SdIz4M7sBsQ6DdTLKYIQ=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmUiwhv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjx5wpbdvf1tr6xubWdmmnvLu3f3BYOap2VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPmrnfnVKpWCQe9CymXohHggWMYG2kQaU6RS4TyA2xHvt+2swejViz6/YcaJU4BalBgdag8uUOI5KEVGjCsVJ9x461l2KpGeE0K7uJojEmEzyifUMFDqny0nn2DJ0ZZYiCSJonNJqrvzdSHCo1C30zmWdUy14u/uf1Ex3ceCkTcaKpIItDQcKRjlBeBBoySYnmM0MwkcxkRWSMJSba1FU2JTjLX14lnYu6c1V37i9rjduijhKcwCmcgwPX0IA7aEEbCDzBM7zCm5VZL9a79bEYXbOKnWP4A+vzB4eqlB8=</latexit>

v 2 Cn
<latexit sha1_base64="+kACKlkgmES/S+Wa2YjtMFUTUJg=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuix247KCfUATy2Q6aYdOJmFmopaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFQ7KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUnzdzvPlCpWCTu9DSmXohHggWMYG2kQaX6iFwmkBtiPfb9tJndG7Fm1+0Z0DJxClKDAq1B5csdRiQJqdCEY6X6jh1rL8VSM8JpVnYTRWNMJnhE+4YKHFLlpbPsGToxyhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq48lIm4kRTQeaHgoQjHaG8CDRkkhLNp4ZgIpnJisgYS0y0qatsSnAWv7xMOmd156Lu3J7XGtdFHSU4gmM4BQcuoQE30II2EHiCZ3iFNyuzXqx362M+umIVO4fwB9bnD4k/lCA=</latexit>

w 2 Cn

Eigenvectors exist only for values of

s where                drops rank…

<latexit sha1_base64="F+4sU3cTHVO6vSb22nFOLcHHKqU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsetFbBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49vMbz9RpVkkH80kpr7AQ8lCRrDJpOszfd8vV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIrP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukdV71LqreQ61Sv8njKMIRHMMpeHAJdbiDBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPZlmN0g==</latexit>

A� sI

<latexit sha1_base64="doJsNRLDWwe6zJHRQ/iEeszlzBQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHqRW8VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW+/bpJMM+6zRCa6GVLDpVDcR4GSN1PNaRxK3ggHtxO/8cS1EYl6xGHKg5j2lIgEo2gln5j70+tOqexW3CnIIvFyUoYctU7pq91NWBZzhUxSY1qem2IwohoFk3xcbGeGp5QNaI+3LFU05iYYTY8dk2OrdEmUaFsKyVT9PTGisTHDOLSdMcW+mfcm4n9eK8PoKhgJlWbIFZstijJJMCGTz0lXaM5QDi2hTAt7K2F9qilDm0/RhuDNv7xI6mcV76LiPZyXqzd5HAU4hCM4AQ8uoQp3UAMfGAh4hld4c5Tz4rw7H7PWJSefOYA/cD5/ALzLjfw=</latexit>

sI �A  drops rank only when  
<latexit sha1_base64="REwwM+bkrNgid9BH6ep3EH57eIk=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhHgwzIupFiHrRWwSzQBJCT6eSNOlZ6K4R4xD8FS8eFPHqf3jzb+wsB018UPB4r4qqel4khUbH+bZSc/MLi0vp5czK6tr6hr25VdZhrDiUeChDVfWYBikCKKFACdVIAfM9CRWvdzX0K/egtAiDO+xH0PBZJxBtwRkaqWnv1BEeMGkBDnL65vDigJ5Tp2lnnbwzAp0l7oRkyQTFpv1Vb4U89iFALpnWNdeJsJEwhYJLGGTqsYaI8R7rQM3QgPmgG8no+gHdN0qLtkNlKkA6Un9PJMzXuu97ptNn2NXT3lD8z6vF2D5rJCKIYoSAjxe1Y0kxpMMoaEso4Cj7hjCuhLmV8i5TjKMJLGNCcKdfniXlo7x7kndvj7OFy0kcabJL9kiOuOSUFMg1KZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w+J85P3</latexit>

det(sI �A) = 0
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)

Characteristic Polynomial

<latexit sha1_base64="0YGjh4cV6rmTOGfSEL5RyvBn0Q8=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWoC8uMiLoRqm50V8E+oB1KJpNpQzOZIckUS+mvuHGhiFt/xJ1/Y9rOQlsPBA7nnMu9OX7CmdKO820tLa+srq3nNvKbW9s7u/Zeoa7iVBJaIzGPZdPHinImaE0zzWkzkRRHPqcNv3878RsDKhWLxaMeJtSLcFewkBGsjdSxC6XrkzY3+QCj++MBukJOxy46ZWcKtEjcjBQhQ7Vjf7WDmKQRFZpwrFTLdRLtjbDUjHA6zrdTRRNM+rhLW4YKHFHljaa3j9GRUQIUxtI8odFU/T0xwpFSw8g3yQjrnpr3JuJ/XivV4aU3YiJJNRVktihMOdIxmhSBAiYp0XxoCCaSmVsR6WGJiTZ15U0J7vyXF0n9tOyel92Hs2LlJqsjBwdwCCVw4QIqcAdVqAGBJ3iGV3izxtaL9W59zKJLVjazD39gff4A7PySbQ==</latexit>

(A� �I)v = 0
<latexit sha1_base64="cpzPcLdPav3XU8JBvZRtXPpb9wg=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIVbDMiKgboepGdxXsA9qxZDJpG5p5kGSUOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzXEjzqSyrG8jMzM7N7+QXcwtLa+srpnrG1UZxoLQCgl5KOoulpSzgFYUU5zWI0Gx73Jac3uXQ792T4VkYXCr+hF1fNwJWJsRrLTUMrce7vYL5wdNriMeRtd76AxZLTNvFa0R0DSxU5KHFOWW+dX0QhL7NFCEYykbthUpJ8FCMcLpINeMJY0w6eEObWgaYJ9KJxldP0C7WvFQOxT6BQqN1N+JBPtS9n1XT/pYdeWkNxT/8xqxap86CQuiWNGAjBe1Y45UiIZVII8JShTva4KJYPpWRLpYYKJ0YTldgj355WlSPSzax0X75ihfukjryMI27EABbDiBElxBGSpA4BGe4RXejCfjxXg3PsajGSPNbMIfGJ8/E4iTCg==</latexit>

w⇤(A� �I) = 0

<latexit sha1_base64="av4Uw6MaRKJIo/H++hlE0PB6uI0=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRt0jfpu1at5M6Bl4hekCgUafferN4hJKqg0hGOtu76XmCDDyjDC6bTSSzVNMBnjIe1aKrGgOshmt07RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KLXi7+53VTE10FGZNJaqgk80VRypGJUf44GjBFieETSzBRzN6KyAgrTIyNp2JD8BdfXiats5p/UfMfzqv12yKOMhzBMZyCD5dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4AwkqNZg==</latexit>

A =
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="wkYzskg3gRY2IU2yPhp6HOnr6Pc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5JYUY9VLx6r2A9oYtlst+3SzSbsToQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCWHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFQzIJoJLlkNOAjWjBUjYSBYIxhcjf3GA1OaR/IOhjHzQ9KTvMspASO17f0L7HGJvZBAPwjS29F9WsYe8JBpXB617aJTcibA88TNSBFlqLbtL68T0SRkEqggWrdcJwY/JQo4FWxU8BLNYkIHpMdahkpi9vjp5I0RPjRKB3cjZUoCnqi/J1ISaj0MA9M5PlfPemPxP6+VQPfcT7mME2CSThd1E4EhwuNMcIcrRkEMDSFUcXMrpn2iCAWTXMGE4M6+PE/qxyX3tOTenBQrl1kcebSHDtARctEZqqBrVEU1RNEjekav6M16sl6sd+tj2pqzspld9AfW5w/R7JgV</latexit>

A 2 R3⇥3
<latexit sha1_base64="/ofZ4uTqis4cyiYJ/3X5B3UzPig=">AAACMXicbVDLTsMwEHTKq4RXgCMXiwrEqUoKAo4tXDgWiRakpoocd9tadZzIdhBV6C9x4U8QFw4gxJWfwH2IR8tKa41mduTdCRPOlHbdFys3N7+wuJRftldW19Y3nM2tuopTSaFGYx7Lm5Ao4ExATTPN4SaRQKKQw3XYOx/q17cgFYvFle4n0IxIR7A2o0QbKnAu/BA6TGRhRLRkdwP7Hu/jcfu+XQk8AytBafQeDqkf3fZBtL6NgVNwi+6o8CzwJqCAJlUNnCe/FdM0AqEpJ0o1PDfRzYxIzSiHge2nChJCe6QDDQMFiUA1s9HFA7xnmBZux9K00HjE/nZkJFKqH4Vm0uzXVdPakPxPa6S6fdrMmEhSDYKOP2qnHOsYD+PDLSaBat43gFDJzK6YdokkVJuQbROCN33yLKiXit5x0bs8KpTPJnHk0Q7aRQfIQyeojC5QFdUQRQ/oGb2iN+vRerHerY/xaM6aeLbRn7I+vwCu2KUN</latexit>2

4
| | |
A1 A2 A3

| | |

3

5

<latexit sha1_base64="YV31iKQBDQXT3oEEdGzbDwuDU5o=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPsYdJy78rYCHPxUlKYIydTxAPR/n2jZeecvDMOPC/cVORQGqWW/ey1QxoHIDTlRKmG60S6mRCpGeUwzHqxgojQPulCw0hBAlDNZLz8EB8a0sadUJojNB7T6Y6EBEoNAt9Umvl6ajY3gv/lGrHuXDQTJqJYg6CTjzoxxzrEIydxm0mgmg+MIFQyMyumPSIJ1cbvrDHBnV15XlQLefcs796c5oqXqR0ZtI8O0BFy0TkqomtUQhVE0SN6Re/ow3qy3qxP62tSumClPXvoT1jfP7otqHM=</latexit>2

4
� aT1 �
� aT2 �
� aT3 �

3

5

<latexit sha1_base64="3oOYutb6Y+blmIcLmRYip/uPuaI=">AAACMXicbVDLSgMxFM3UVx1fVZdugkVxVWaqqMuimy4r2Ad0ypBJb9vQTGZIMmIZ+0tu/BNx04Uibv0J0wc+Wi/ccDjnHnLvCWLOlHackZVZWl5ZXcuu2xubW9s7ud29mooSSaFKIx7JRkAUcCagqpnm0IglkDDgUA/612O9fgdSsUjc6kEMrZB0BeswSrSh/FzZC6DLRBqEREt2P7Qf8DGetufZNd81sOYXJ+/pmPrRbQ9E+9vo5/JOwZkUXgTuDOTRrCp+7tlrRzQJQWjKiVJN14l1KyVSM8phaHuJgpjQPulC00BBQlCtdHLxEB8Zpo07kTQtNJ6wvx0pCZUahIGZNPv11Lw2Jv/TmonuXLZSJuJEg6DTjzoJxzrC4/hwm0mgmg8MIFQysyumPSIJ1SZk24Tgzp+8CGrFgntecG/O8qWrWRxZdIAO0Qly0QUqoTKqoCqi6BG9oFf0Zj1ZI+vd+piOZqyZZx/9KevzCxc/pUw=</latexit>2

4
| | |
V1 V2 V3

| | |

3

5

<latexit sha1_base64="Ps8+2xBXKhzpmiTpB3gCKJLkAOM=">AAACPHicbZA9T8MwEIYdPkv5CjCyWFRILFRJQcBYwcJYRL+kplSOe22tOk5kO4gq6g9j4UewMbEwgBArM24bodJykqXXz93Zd68fcaa047xYC4tLyyurmbXs+sbm1ra9s1tVYSwpVGjIQ1n3iQLOBFQ00xzqkQQS+Bxqfv9qlK/dg1QsFGU9iKAZkK5gHUaJNqhl33o+dJlI/IBoyR6G2WPs4VrLvStjI8zFS0lhjpxMEQ9E+/eNlp1z8s448LxwU5FDaZRa9rPXDmkcgNCUE6UarhPpZkKkZpTDMOvFCiJC+6QLDSMFCUA1k/HyQ3xoSBt3QmmO0HhMpzsSEig1CHxTaebrqdncCP6Xa8S6c9FMmIhiDYJOPurEHOsQj5zEbSaBaj4wglDJzKyY9ogkVBu/s8YEd3bleVEt5N2zvHtzmitepnZk0D46QEfIReeoiK5RCVUQRY/oFb2jD+vJerM+ra9J6YKV9uyhP2F9/wCHjahV</latexit>2

4
� WT

1 �
� WT

2 �
� WT

3 �

3

5

<latexit sha1_base64="odj0FfFTshto1ycE7gML4SUWim8=">AAACRHicbVDLSgMxFM34rPU16tJNsCiuykwVdVl047KCfUCnlEzmtg3NZIYkI5ahH+fGD3DnF7hxoYhbMdNWrK0HLhzOuffm5vgxZ0o7zrO1sLi0vLKaW8uvb2xubds7uzUVJZJClUY8kg2fKOBMQFUzzaERSyChz6Hu968yv34HUrFI3OpBDK2QdAXrMEq0kdp20/Ohy0Tqh0RLdj/Me9wMB6Tt4iPsjMrz8hn5MUrT4rRxgvMeiOB3VdsuOEVnBDxP3AkpoAkqbfvJCyKahCA05USppuvEupUSqRnlYG5LFMSE9kkXmoYKEoJqpaMQhvjQKAHuRNKU0HikTk+kJFRqEPqm0xzYU7NeJv7nNRPduWilTMSJBkHHD3USjnWEs0RxwCRQzQeGECqZuRXTHpGEapN7FoI7++V5UisV3bOie3NaKF9O4sihfXSAjpGLzlEZXaMKqiKKHtALekPv1qP1an1Yn+PWBWsys4f+wPr6BgGiq4E=</latexit>2

4
�1 0 0
0 �2 0
0 0 �3

3

5

ROW 
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COLUMN 
GEOMETRY

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1
<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="/pRcZgq1KDR+0rB+rAj+5QpLsrE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2o3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AG5z41v</latexit>

A1

<latexit sha1_base64="fMaVzUdySe2Fd/k8pXZD2NuiUpk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj14rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindR8e7Py7WbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG7U41w</latexit>

A2

<latexit sha1_base64="b6y+mbPd1iw7gMUtQrf6099JRFs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPVi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdX/VOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/urFK7zuMowgEcwjF4cAE1uIU6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxze8141x</latexit>

A3

<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="XzAfCEsS0gYtWqKlaA4mWO5lE4g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxkp+s3vxWO+Wym7FnYEsEy8nZchR65a+Or2EZTFKwwTVuu25qQnGVBnOBE6KnUxjStmQ9rFtqaQx6mA8O3ZCTq3SI1GibElDZurviTGNtR7Foe2MqRnoRW8q/ue1MxPdBGMu08ygZPNFUSaIScj0c9LjCpkRI0soU9zeStiAKsqMzadoQ/AWX14mjfOKd1XxHi7L1ds8jgIcwwmcgQfXUIV7qIEPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OEOOTQ==</latexit>

WT
3

<latexit sha1_base64="XzAfCEsS0gYtWqKlaA4mWO5lE4g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxkp+s3vxWO+Wym7FnYEsEy8nZchR65a+Or2EZTFKwwTVuu25qQnGVBnOBE6KnUxjStmQ9rFtqaQx6mA8O3ZCTq3SI1GibElDZurviTGNtR7Foe2MqRnoRW8q/ue1MxPdBGMu08ygZPNFUSaIScj0c9LjCpkRI0soU9zeStiAKsqMzadoQ/AWX14mjfOKd1XxHi7L1ds8jgIcwwmcgQfXUIV7qIEPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OEOOTQ==</latexit>

WT
3

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="o9FhR2DAZSoXbCzu0m5sSFLhyEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivdPfZOe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrnVe/2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcQsI2o</latexit>x3

<latexit sha1_base64="CMiGXJ0i5Jd75z8NrXMVadBTBLI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKTVtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHdzO/9cSU5olsmHHKghgHkkecorGSjz3vsdErV9yqOwdZJV5OKpCj3it/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYluggmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6uADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHRIeOVQ==</latexit>

aT1

<latexit sha1_base64="4bE6SLhYjCVAIG7LSiXopXtuzdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VmlpoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJFNM04xiOlA8ogzaqzk017tsdkrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKWrWqd1n17i8q9Zs8jiKcwCmcgwdXUIc7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fRg2OVg==</latexit>

aT2

<latexit sha1_base64="ktzp3U5+tyq4m3aYiItV/mgulA0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VihaQttLJvtpF262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTf3mEyrNE1k3oxSDmPYljzijxko+7V481rulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuaoIxVYYzgZNiJ9OYUjakfWxbKmmMOhjPjp2QU6v0SJQoW9KQmfp7YkxjrUdxaDtjagZ60ZuK/3ntzEQ3wZjLNDMo2XxRlAliEjL9nPS4QmbEyBLKFLe3EjagijJj8ynaELzFl5dJ47ziXVW8h8ty9TaPowDHcAJn4ME1VOEeauADAw7P8ApvjnRenHfnY9664uQzR/AHzucPR5OOVw==</latexit>

aT3

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="KNzUngEZtJgUQJ0fDXKOarz3St0=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYDuFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2a2pOJUUqjTmsayHRAFnAqqaaQ71RAKJQg5e2Lsa+d4dSMVicav7CTQj0hGszSjRRgryF34IHSayMCJasvshtgf4CA+w79te4BrqBaXRZ6LaPojWT22QLzhFZww8T9wpKaApKkH+zW/FNI1AaMqJUg3XSXQzI1IzymFo+6mChNAe6UDDUEEiUM1sfOQQHxqlhduxNE9oPFZ/d2QkUqofhabS7NdVs95I/M9rpLp93syYSFINgk4GtVOOdYxHieEWk0A17xtCqGRmV0y7RBKqTa62CcGdPXme1EpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdPpodo=</latexit>2

4
| |

W1 W2

| |

3

5

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="KNzUngEZtJgUQJ0fDXKOarz3St0=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYDuFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2a2pOJUUqjTmsayHRAFnAqqaaQ71RAKJQg5e2Lsa+d4dSMVicav7CTQj0hGszSjRRgryF34IHSayMCJasvshtgf4CA+w79te4BrqBaXRZ6LaPojWT22QLzhFZww8T9wpKaApKkH+zW/FNI1AaMqJUg3XSXQzI1IzymFo+6mChNAe6UDDUEEiUM1sfOQQHxqlhduxNE9oPFZ/d2QkUqofhabS7NdVs95I/M9rpLp93syYSFINgk4GtVOOdYxHieEWk0A17xtCqGRmV0y7RBKqTa62CcGdPXme1EpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdPpodo=</latexit>2

4
| |

W1 W2

| |

3

5

<latexit sha1_base64="WXKpJGXBzHNRWywDxmADvTiHgK4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWMFWwtpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0gxZTQulORA0ILqGFHAV0Ug00iQQ8RKObqf/wCNpwJe9xnEKY0IHkMWcUrRR0EZ4wNymVk1615tW9Gdxl4hekRgo0e9Wvbl+xLAGJTFBjAt9LMcypRs4ETCrdzEBK2YgOILBU0gRMmM9OnrgnVum7sdK2JLoz9fdEThNjxklkOxOKQ7PoTcX/vCDD+CrMuUwzBMnmi+JMuKjc6f9un2tgKMaWUKa5vdVlQ6opQ5tSxYbgL768TNpndf+i7t+d1xrXRRxlckSOySnxySVpkFvSJC3CiCLP5JW8Oei8OO/Ox7y15BQzh+QPnM8f/z6RuQ==</latexit>span

<latexit sha1_base64="KNzUngEZtJgUQJ0fDXKOarz3St0=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYDuFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2a2pOJUUqjTmsayHRAFnAqqaaQ71RAKJQg5e2Lsa+d4dSMVicav7CTQj0hGszSjRRgryF34IHSayMCJasvshtgf4CA+w79te4BrqBaXRZ6LaPojWT22QLzhFZww8T9wpKaApKkH+zW/FNI1AaMqJUg3XSXQzI1IzymFo+6mChNAe6UDDUEEiUM1sfOQQHxqlhduxNE9oPFZ/d2QkUqofhabS7NdVs95I/M9rpLp93syYSFINgk4GtVOOdYxHieEWk0A17xtCqGRmV0y7RBKqTa62CcGdPXme1EpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdPpodo=</latexit>2

4
| |

W1 W2

| |

3

5

<latexit sha1_base64="OFrxT9xHRoiidYV8OVUneIDUDJk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7N33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPc1Y2G</latexit>

V3

<latexit sha1_base64="OFrxT9xHRoiidYV8OVUneIDUDJk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7N33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPc1Y2G</latexit>

V3

<latexit sha1_base64="OFrxT9xHRoiidYV8OVUneIDUDJk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7N33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1bu/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPc1Y2G</latexit>

V3

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="TAEAjdhg1r+oRUYhXcvvi8mXgVk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgxpKoqMuqG91VsA9oQ5lMJu3QySTOTAol9DvcuFDErR/jzr9x2mahrQcGDuecy71z/IQzpR3n2yosLa+srhXXSxubW9s79u5eQ8WpJLROYh7Llo8V5UzQumaa01YiKY58Tpv+4HbiN4dUKhaLRz1KqBfhnmAhI1gbybs+6XATDnD3DN137bJTcaZAi8TNSRly1Lr2VyeISRpRoQnHSrVdJ9FehqVmhNNxqZMqmmAywD3aNlTgiCovmx49RkdGCVAYS/OERlP190SGI6VGkW+SEdZ9Ne9NxP+8dqrDKy9jIkk1FWS2KEw50jGaNIACJinRfGQIJpKZWxHpY4mJNj2VTAnu/JcXSeO04l5U3IfzcvUmr6MIB3AIx+DCJVThDmpQBwJP8Ayv8GYNrRfr3fqYRQtWPrMPf2B9/gBRXpEo</latexit>

A� �3I
<latexit sha1_base64="TAEAjdhg1r+oRUYhXcvvi8mXgVk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgxpKoqMuqG91VsA9oQ5lMJu3QySTOTAol9DvcuFDErR/jzr9x2mahrQcGDuecy71z/IQzpR3n2yosLa+srhXXSxubW9s79u5eQ8WpJLROYh7Llo8V5UzQumaa01YiKY58Tpv+4HbiN4dUKhaLRz1KqBfhnmAhI1gbybs+6XATDnD3DN137bJTcaZAi8TNSRly1Lr2VyeISRpRoQnHSrVdJ9FehqVmhNNxqZMqmmAywD3aNlTgiCovmx49RkdGCVAYS/OERlP190SGI6VGkW+SEdZ9Ne9NxP+8dqrDKy9jIkk1FWS2KEw50jGaNIACJinRfGQIJpKZWxHpY4mJNj2VTAnu/JcXSeO04l5U3IfzcvUmr6MIB3AIx+DCJVThDmpQBwJP8Ayv8GYNrRfr3fqYRQtWPrMPf2B9/gBRXpEo</latexit>

A� �3I

<latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5

<latexit sha1_base64="+SKobBRt0kl0ExyalAfV/fmWWsc="></latexit>
�1 � �3 0

0 �2 � �3

� <latexit sha1_base64="lSyOYLn+aYqQk15OxL+hJ7TQrHI=">AAACKXicbVDLSgMxFM34rPU16tJNsAhuLDNF1GXRjcsKfUGnDpn0tg3NZIYkI5ahv+PGX3GjoKhbf8S0HXy0Xgg5nHMP994TxJwp7Tjv1sLi0vLKam4tv76xubVt7+zWVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HOuNW5CKRaKqhzG0Q9ITrMso0Yby7bIXQI+JNAiJluxuhPPH2MMN372pmt9gLyNKP4QHovNt8O2CU3QmheeBm4ECyqri289eJ6JJCEJTTpRquU6s2ymRmlEOo7yXKIgJHZAetAwUJATVTieXjvChYTq4G0nzhMYT9rcjJaFSwzAwnWa/vprVxuR/WivR3fN2ykScaBB0OqibcKwjPI4Nd5gEqvnQAEIlM7ti2ieSUG3CzZsQ3NmT50G9VHRPi+71SaF8kcWRQ/voAB0hF52hMrpCFVRDFN2jR/SCXq0H68l6sz6mrQtW5tlDf8r6/ALAz6NI</latexit>
� WT

1 �
� WT

2 �

�
<latexit sha1_base64="UXJzwfdPnXODtyEkHmEdEF8Vgu8=">AAACJHicbVDLSgMxFM34rOOr6tJNsCiuykwRFdwU3bisYKeFThky6W0bmskMSUYs036MG3/FjQsfuHDjt5g+EG09EDg5517uvSdMOFPacT6thcWl5ZXV3Jq9vrG5tZ3f2fVUnEoKVRrzWNZDooAzAVXNNId6IoFEIYda2Lsa+bU7kIrF4lb3E2hGpCNYm1GijRTkL/wQOkxkYUS0ZPdDbA/wER5g37e9wDXUC0qjz0S1fRCtn9ogX3CKzhh4nrhTUkBTVIL8m9+KaRqB0JQTpRquk+hmRqRmlMPQ9lMFCaE90oGGoYJEoJrZ+MghPjRKC7djaZ7QeKz+7shIpFQ/Ck2l2a+rZr2R+J/XSHX7vJkxkaQaBJ0Maqcc6xiPEsMtJoFq3jeEUMnMrph2iSRUm1xtE4I7e/I88UpF97To3pwUypfTOHJoHx2gY+SiM1RG16iCqoiiB/SEXtCr9Wg9W+/Wx6R0wZr27KE/sL6+AdCnodg=</latexit>2

4
| |
V1 V2

| |

3

5

<latexit sha1_base64="+SKobBRt0kl0ExyalAfV/fmWWsc="></latexit>
�1 � �3 0

0 �2 � �3

�



Diagonalization
Square matrix:   <latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n

Assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Right Eigenvectors: 
<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="sQKOUKyA6MfUtAuQL+rHpv2egkA="></latexit>

AV =


AV1 · · ·AVn

�
=


V1�1 · · ·Vn�n

�
=


V1 · · ·Vn

� <latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="sD4iHzfN9ByXhxiEufyADLVIf8g=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIehHqx8FjBZsW2lI220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52l5ZXVtfXCRnFza3tnt7S37+s4VQzrLBaxagZUo+AS64Ybgc1EIY0CgY1geDvxG0+oNI/loxkl2IloX/KQM2qs1Lj2yRXx77qlsltxpyCLxMtJGXLUuqWvdi9maYTSMEG1bnluYjoZVYYzgeNiO9WYUDakfWxZKmmEupNNzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7xWasLLTsZlkhqUbLYoTAUxMZn8TnpcITNiZAllittbCRtQRZmxCRVtCN78y4vEP6145xXv4axcvcnjKMAhHMEJeHABVbiHGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/oK2OdA==</latexit>

AV = V D

<latexit sha1_base64="jK1p+NYwuQK2IydZUDXx9dFRGhs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBehfhw8VrDbQruWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0sLC4tr6wW1orrG5tb26WdXV/HqSK0TmIeq2aINeVM0rphhtNmoigWIaeNcHAz9htPVGkWywczTGggcE+yiBFsrNS+QpfIv/Ufs2Nv1CmV3Yo7AZonXk7KkKPWKX21uzFJBZWGcKx1y3MTE2RYGUY4HRXbqaYJJgPcoy1LJRZUB9nk5hE6tEoXRbGyJQ2aqL8nMiy0HorQdgps+nrWG4v/ea3URBdBxmSSGirJdFGUcmRiNA4AdZmixPChJZgoZm9FpI8VJsbGVLQheLMvzxP/pOKdVbz703L1Oo+jAPtwAEfgwTlU4Q5qUAcCCTzDK7w5qfPivDsf09YFJ5/Zgz9wPn8A+bGQWg==</latexit>

A = V DV �1

Left Eigenvectors: 

<latexit sha1_base64="UisvBXFIcuRmIeDoPnrfxZoDYXs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ1IPHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rUdUmsfywYwT9CM6kDzkjBor3V82b3rlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1Xv7rRSu8rjKMIBHMIxeHAONbiFOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc3wtaNdQ==</latexit>

= V D

<latexit sha1_base64="nDtbF393qZCxK4FBoMLUZ/MJWZI="></latexit>

WA =

2

64
�W ⇤

1A�
...

�W ⇤
nA�

3

75 =

2

64
��1W ⇤

1�
...

��nW ⇤
n�

3

75 =

2

64
�1 · · · 0
...

...
0 · · · �n

3

75

2

64
�W ⇤

1�
...

�W ⇤
n�

3

75 = DW

<latexit sha1_base64="mPIJWNjNfPY3YEN8wpizxiLVsL0=">AAACLHicbVDLSgMxFM34rOOr6tJNsAgitMyIqBuh2I3LCrYVOrVkMrdtMJMZkkyxDP0gN/6KIC4s4tbvMNNWfNQDgcM555J7jx9zprTjjKy5+YXFpeXcir26tr6xmd/arqsokRRqNOKRvPGJAs4E1DTTHG5iCST0OTT8u0rmN/ogFYvEtR7E0ApJV7AOo0QbqZ2vNPA5tj0fukykfki0ZPdDu9hou7eHRex5ttcPIq0yZkTxJYIIvtPtfMEpOWPgWeJOSQFNUW3nn70gokkIQlNOlGq6TqxbKZGaUQ5D20sUxITekS40DRUkBNVKx8cO8b5RAtyJpHlC47H6cyIloVKD0DdJs2BP/fUy8T+vmejOWStlIk40CDr5qJNwrCOcNYcDJoFqPjCEUMnMrpj2iCRUm36zEty/J8+S+lHJPSm5V8eF8sW0jhzaRXvoALnoFJXRJaqiGqLoAT2hVzSyHq0X6816n0TnrOnMDvoF6+MTA4KlFA==</latexit>

W =

2

64
�W ⇤

1�
...

�W ⇤
n�

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D

<latexit sha1_base64="qk+lKCgvP7uAvfYrXoUCBKBV6g4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehHqx8FjBdMU2lA22027dHcTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3rfjtLyyura+uljfLm1vbObmVvv6mTTBHqk4QnqhVhTTmT1DfMcNpKFcUi4jSIhrcTP3iiSrNEPppRSkOB+5LFjGBjJT+4vroLupWqW3OnQIvEK0gVCjS6la9OLyGZoNIQjrVue25qwhwrwwin43In0zTFZIj7tG2pxILqMJ8eO0bHVumhOFG2pEFT9fdEjoXWIxHZToHNQM97E/E/r52Z+DLMmUwzQyWZLYozjkyCJp+jHlOUGD6yBBPF7K2IDLDCxNh8yjYEb/7lRdI8rXnnNe/hrFq/KeIowSEcwQl4cAF1uIcG+ECAwTO8wpsjnRfn3fmYtS45xcwB/IHz+QP2qI4i</latexit>

WA = DW

<latexit sha1_base64="h+9iOjRT5fRJs5T1sL/vW0gAQRo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBehfhw8VrDdQruWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0sLC4tr6wW1orrG5tb26Wd3YaOU0VoncQ8Vs0Qa8qZpHXDDKfNRFEsQk79cHAz9v0nqjSL5YMZJjQQuCdZxAg2VmpfoUvkP2bH3ujW75TKbsWdAM0TLydlyFHrlL7a3ZikgkpDONa65bmJCTKsDCOcjortVNMEkwHu0ZalEguqg2xy8wgdWqWLoljZkgZN1N8TGRZaD0VoOwU2fT3rjcX/vFZqoosgYzJJDZVkuihKOTIxGgeAukxRYvjQEkwUs7ci0scKE2NjKtoQvNmX50njpOKdVbz703L1Oo+jAPtwAEfgwTlU4Q5qUAcCCTzDK7w5qfPivDsf09YFJ5/Zgz9wPn8A/SaQXA==</latexit>

A = W�1DW

Assuming V & W are chosen with compatible

orderings and lengths of columns/rows…

<latexit sha1_base64="dAvKGQn0YbjpY8L9akozcBmVdMc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbArol6EoBePEcwDkzXMTibJkNnZZaZXCEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305uaXlldS2/XtjY3NreKe7u1U2UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew5uJ33ji2ohI3eMo5n5I+0r0BKNopYf6Y3rijckVaXSKJbfsTkEWiZeREmSodopf7W7EkpArZJIa0/LcGP2UahRM8nGhnRgeUzakfd6yVNGQGz+dXjwmR1bpkl6kbSkkU/X3REpDY0ZhYDtDigMz703E/7xWgr1LPxUqTpArNlvUSyTBiEzeJ12hOUM5soQyLeythA2opgxtSAUbgjf/8iKpn5a987J3d1aqXGdx5OEADuEYPLiACtxCFWrAQMEzvMKbY5wX5935mLXmnGxmH/7A+fwB5aSPwg==</latexit>

V �1 = W

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5
<latexit sha1_base64="+oc/W8D2N5qXq/HVR6J2mYVsvI4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujol6EohePFey22K4lm2bb0Gx2SbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvCARXBvX/XYKS8srq2vF9dLG5tb2Tnl3z9Nxqihr0FjEqhUQzQSXrGG4EayVKEaiQLBmMLyZ+M0npjSP5b0ZJcyPSF/ykFNirPTgPWYneOyhK9QtV9yqOwVaJDgnFchR75a/Or2YphGThgqidRu7ifEzogyngo1LnVSzhNAh6bO2pZJETPvZ9OIxOrJKD4WxsiUNmqq/JzISaT2KAtsZETPQ895E/M9rpya89DMuk9QwSWeLwlQgE6PJ+6jHFaNGjCwhVHF7K6IDogg1NqSSDQHPv7xIvNMqPq/iu7NK7TqPowgHcAjHgOECanALdWgABQnP8ApvjnZenHfnY9ZacPKZffgD5/MH5KWPwQ==</latexit>

V �1V =

<latexit sha1_base64="qZati5S5L+6ad78lo7VKw6CUq5A="></latexit>2

64
W ⇤

1 V1 · · · W ⇤
1 Vn

...
...

W ⇤
nV1 · · · W ⇤

nVn

3

75

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="W9theVKkiSDwR/9ZMvI9g5JhWmo="></latexit>2

64
1 · · · 0
...

...
0 · · · 1

3

75

…from off diagonal terms 

…from diagonal terms

<latexit sha1_base64="LRm0fiWiKRvqeIJdQGqm7H/rC7A=">AAAB83icbVBNSwMxEJ3Ur1q/qh69BIsgHsquiHoRil48VrAf0K5LNs22sdnskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeUEiuDaO840KS8srq2vF9dLG5tb2Tnl3r6njVFHWoLGIVTsgmgkuWcNwI1g7UYxEgWCtYHgz8VtPTGkey3szSpgXkb7kIafEWKnb8h8fTpo+x1fY8csVp+pMgReJm5MK5Kj75a9uL6ZpxKShgmjdcZ3EeBlRhlPBxqVuqllC6JD0WcdSSSKmvWx68xgfWaWHw1jZkgZP1d8TGYm0HkWB7YyIGeh5byL+53VSE156GZdJapiks0VhKrCJ8SQA3OOKUSNGlhCquL0V0wFRhBobU8mG4M6/vEiap1X3vOrenVVq13kcRTiAQzgGFy6gBrdQhwZQSOAZXuENpegFvaOPWWsB5TP78Afo8wcZAJBr</latexit>

W ⇤
j Vi = 0

<latexit sha1_base64="KcKI+eMIRGzih2leYThdTsuvH2g=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7adduNunuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBP0I9qXPOSMGiu1HklH4ojwbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezeCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPYzLpPUoGTzRWEqiInJ9HnS4wqZEWNLKFPc3krYgCrKjI2oaEPwFl9eJo3zindZ8e4vytWbPI4CHMMJnIEHV1CFO6hBHRgIeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFVqY+D</latexit>

j 6= i

<latexit sha1_base64="uEVP36hEZFQjoeB4iSghWFokMtc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL7QHHg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB4VCjeY=</latexit>

Vi  orthogonal to all other 
<latexit sha1_base64="aqXxq3xbl5rnxJ9dH7ZxXNj+Kl8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt2swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6b/Uee+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs7r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMxxo2+</latexit>

Wj

<latexit sha1_base64="fGCf4rtEQ3NesQux+DFExORKdzM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSKIh5KIqBeh6MVjBfsBbSyb7aRdutmE3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm0+oNI/lgxkl6Ee0L3nIGTVW6jS7/PG00eXkmnjdUtmtuFOQReLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6c1jcmyVHgljZUsaMlV/T2Q00noUBbYzomag572J+J/XTk145WdcJqlByWaLwlQQE5NJAKTHFTIjRpZQpri9lbABVZQZG1PRhuDNv7xIGmcV76Li3Z+Xqzd5HAU4hCM4AQ8uoQp3UIM6MEjgGV7hzUmdF+fd+Zi1Ljn5zAH8gfP5Axj3kGs=</latexit>

W ⇤
i Vi = 1

can be scaled 
so that               .

<latexit sha1_base64="kOxJRghWJOnjAEwk+6sDMa3xW0g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvXisYD+gDWGz3bZLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkgNl0LxBgqUvJ1oTqNQ8lY4up36rSeujYjVA44T7kd0oERfMIpWajcDcUZagQjKFbfqzkCWiZeTCuSoB+Wvbi9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf61nwmVpMgVmy/qp5JgTKbPk57QnKEcW0KZFvZWwoZUU4Y2opINwVt8eZk0z6veZdW7v6jUbvI4inAEx3AKHlxBDe6gDg1gIOEZXuHNeXRenHfnY95acPKZQ/gD5/MHFWSPWQ==</latexit>

Vi,Wi <latexit sha1_base64="fGCf4rtEQ3NesQux+DFExORKdzM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSKIh5KIqBeh6MVjBfsBbSyb7aRdutmE3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbb+g4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm0+oNI/lgxkl6Ee0L3nIGTVW6jS7/PG00eXkmnjdUtmtuFOQReLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOC42Ek1JpQNaR/blkoaofaz6c1jcmyVHgljZUsaMlV/T2Q00noUBbYzomag572J+J/XTk145WdcJqlByWaLwlQQE5NJAKTHFTIjRpZQpri9lbABVZQZG1PRhuDNv7xIGmcV76Li3Z+Xqzd5HAU4hCM4AQ8uoQp3UIM6MEjgGV7hzUmdF+fd+Zi1Ljn5zAH8gfP5Axj3kGs=</latexit>

W ⇤
i Vi = 1

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization - Similarity Transform
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

A is similar to a diagonal matrix

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="jHFLyMmPin0IGvMB3ZWloDXZs8g=">AAACHXicbVDLSgMxFM3UVx1fVZdugkXqqsxIUZdFNy4r2FbolCGTuW1DM5khyZSWoT/ixl9x40IRF27EvzF9INp6IHA451xy7wkSzpR2nC8rt7K6tr6R37S3tnd29wr7Bw0Vp5JCncY8lvcBUcCZgLpmmsN9IoFEAYdm0L+e+M0BSMVicadHCbQj0hWswyjRRvILFS+ALhNZEBEt2XBsD323hD0Pe4Mw1mrChr4o2R6I8CfkF4pO2ZkCLxN3Topojppf+PDCmKYRCE05UarlOoluZ0RqRjmMbS9VkBDaJ11oGSpIBKqdTa8b4xOjhLgTS/OExlP190RGIqVGUWCSZr+eWvQm4n9eK9Wdy3bGRJJqEHT2USflWMd4UhUOmQSq+cgQQiUzu2LaI5JQbQq1TQnu4snLpHFWds/L7m2lWL2a15FHR+gYnSIXXaAqukE1VEcUPaAn9IJerUfr2Xqz3mfRnDWfOUR/YH1+A73MobY=</latexit>2

64
x0
1
...
x0
n

3

75

<latexit sha1_base64="kuWbQgb8QKHwbozDTp8oCkclA3k=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKqBch6MVjBPOAZAmzk95kyOzsMjMrCUs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHdR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEM7iZ+4wmV5rF8NKME/Yj2JA85o8ZKjSG5IfXhaadYcsvuFGSZeHNSgjmqneJXuxuzNEJpmKBatzw3MX5GleFM4LjQTjUmlA1oD1uWShqh9rPpuWNyYpUuCWNlSxoyVX9PZDTSehQFtjOipq8XvYn4n9dKTXjtZ1wmqUHJZovCVBATk8nvpMsVMiNGllCmuL2VsD5VlBmbUMGG4C2+vEzq52Xvsuw9XJQqt/M48nAEx3AGHlxBBe6hCjVgMIBneIU3J3FenHfnY9aac+Yzh/AHzucP/ISOsA==</latexit>

x = V x0

…transform into eigenvector coordinates

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="ikQc/TlJSReh52wggr7yw6X0WmM=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyip5KIqBeh6MVjBdMW2lA22027dLMJuxshhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH47up335iSvNYPposYX5EhpKHnBJjJS+7aWWn/WrNqTsz4GXiFqQGBZr96ldvENM0YtJQQbTuuk5i/Jwow6lgk0ov1SwhdEyGrGupJBHTfj47doJPrDLAYaxsSYNn6u+JnERaZ1FgOyNiRnrRm4r/ed3UhNd+zmWSGibpfFGYCmxiPP0cD7hi1IjMEkIVt7diOiKKUGPzqdgQ3MWXl0nrvO5e1t2Hi1rjtoijDEdwDGfgwhU04B6a4AEFDs/wCm9Iohf0jj7mrSVUzBzCH6DPH1KKjl4=</latexit>

y = V y0

<latexit sha1_base64="HoD8jVjjcswTkpi2YWxywY6KXbg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9eKxgv2ANpTNdtMu3d2E3Y0YQv+CFw+KePUPefPfuGlz0OqDgcd7M8zMC2LOtHHdL6e0tLyyulZer2xsbm3vVHf32jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek5vc7zxQpVkk700aU1/gkWQhI9jkUnp59Tio1ty6OwP6S7yC1KBAc1D97A8jkggqDeFY657nxsbPsDKMcDqt9BNNY0wmeER7lkosqPaz2a1TdGSVIQojZUsaNFN/TmRYaJ2KwHYKbMZ60cvF/7xeYsILP2MyTgyVZL4oTDgyEcofR0OmKDE8tQQTxeytiIyxwsTYeCo2BG/x5b+kfVL3zure3WmtcV3EUYYDOIRj8OAcGnALTWgBgTE8wQu8OsJ5dt6c93lrySlm9uEXnI9vz4OOFw==</latexit>

y = Ax
<latexit sha1_base64="Sl69Sso5F38C9xD92Zm6nPpB8OQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqBeh6sVjBZsW2lA22027dLOJuxsxhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzz485U9q2v63C0vLK6lpxvbSxubW9U97dc1WUSEKbJOKRbPtYUc4EbWqmOW3HkuLQ57Tlj24mfuuRSsUica/TmHohHggWMIK1kdpuWr28cp+qvXLFrtlToEXi5KQCORq98le3H5EkpEITjpXqOHasvQxLzQin41I3UTTGZIQHtGOowCFVXja9d4yOjNJHQSRNCY2m6u+JDIdKpaFvOkOsh2rem4j/eZ1EBxdexkScaCrIbFGQcKQjNHke9ZmkRPPUEEwkM7ciMsQSE20iKpkQnPmXF4l7UnPOas7daaV+ncdRhAM4hGNw4BzqcAsNaAIBDs/wCm/Wg/VivVsfs9aClc/swx9Ynz/k5Y85</latexit>

V y0 = AV x0
<latexit sha1_base64="hMzJYrjaIbp+qMnBg80a87D03wQ=">AAAB9HicbVBNT8JAEJ36ifiFevSykRi8SFpj1IsJ6sUjJlJIoJLtsoUN223d3RJJw+/w4kFjvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b39bC4tLyympuLb++sbm1XdjZdVWUSEJrJOKRbPhYUc4ErWmmOW3EkuLQ57Tu92/Gfn1ApWKRuNfDmHoh7goWMIK1kbxh6dJ9SI+d0ZX7VGoXinbZngDNEycjRchQbRe+Wp2IJCEVmnCsVNOxY+2lWGpGOB3lW4miMSZ93KVNQwUOqfLSydEjdGiUDgoiaUpoNFF/T6Q4VGoY+qYzxLqnZr2x+J/XTHRw4aVMxImmgkwXBQlHOkLjBFCHSUo0HxqCiWTmVkR6WGKiTU55E4Iz+/I8cU/KzlnZuTstVq6zOHKwDwdwBA6cQwVuoQo1IPAIz/AKb9bAerHerY9p64KVzezBH1ifP0LdkR8=</latexit>

y0 = V �1AV x0
<latexit sha1_base64="lvBNw1hLCkDX/PbW9Wr8RJddrf8=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbBI3VhmRNSNUNSFywp2WmjHkknTNjTzIMmI41D8FTcuFHHrf7jzb0zbWWjrgcs9nHMvuTlexJlUlvVt5ObmFxaX8suFldW19Q1zc8uRYSwIrZGQh6LhYUk5C2hNMcVpIxIU+x6ndW9wOfLr91RIFga3Komo6+NewLqMYKWltrmTlM6du/TQHjpXWX8otc2iVbbGQLPEzkgRMlTb5lerE5LYp4EiHEvZtK1IuSkWihFOh4VWLGmEyQD3aFPTAPtUuun4+iHa10oHdUOhK1BorP7eSLEvZeJ7etLHqi+nvZH4n9eMVffMTVkQxYoGZPJQN+ZIhWgUBeowQYniiSaYCKZvRaSPBSZKB1bQIdjTX54lzlHZPinbN8fFykUWRx52YQ8OwIZTqMA1VKEGBB7hGV7hzXgyXox342MymjOynW34A+PzB4Egk/k=</latexit>

y0 = V �1V DV �1V x0
<latexit sha1_base64="g0wOR024R65PGdv6FhJoONUZJC8=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBapp5KIqBehqAePFewHtKFstpt26WYTdzdiCP0TXjwo4tW/481/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11P/NYjlYpF4l6nMfVCPBAsYARrI7XTCrpEN0+Vnl12qs4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2GpGeF0XOomisaYjPCAdgwVOKTKy6b3jtGRUfooiKQpodFU/T2R4VCpNPRNZ4j1UM17E/E/r5Po4MLLmIgTTQWZLQoSjnSEJs+jPpOUaJ4agolk5lZEhlhiok1EJROCO//yImmeVN2zqnt3Wq5d5XEU4QAO4RhcOIca3EIdGkCAwzO8wpv1YL1Y79bHrLVg5TP78AfW5w9EII7Q</latexit>

y0 = Dx0

<latexit sha1_base64="rsdZLefgr0MbHxTYdHHwZENfvYs=">AAACHXicbVDLSsNAFJ3Ud3xFXboZLKKrkkhRl0U3LhWsFpoQJpPbduhkEmYmxRD6I278FTcuFHHhRvwbJ7WIrwMDh3POZe49UcaZ0q77btVmZufmFxaX7OWV1bV1Z2PzSqW5pNCmKU9lJyIKOBPQ1kxz6GQSSBJxuI6Gp5V/PQKpWCoudZFBkJC+YD1GiTZS6DT9CPpMlFFCtGQ3Y7vYCz3s+9gfxalWFStCsWf7IOKvUOjU3YY7Af5LvCmpoynOQ+fVj1OaJyA05USprudmOiiJ1IxyGNt+riAjdEj60DVUkARUUE6uG+Ndo8S4l0rzhMYT9ftESRKliiQySbPfQP32KvE/r5vr3nFQMpHlGgT9/KiXc6xTXFWFYyaBal4YQqhkZldMB0QSqk2htinB+33yX3J10PAOG95Fs946mdaxiLbRDtpHHjpCLXSGzlEbUXSL7tEjerLurAfr2Xr5jNas6cwW+gHr7QPAxqG4</latexit>2

64
y01
...
y0n

3

75
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="sPm4eZm2kcxm6XEt9w980i6tWss=">AAACL3icbVBdSwJBFJ21L7Mvq8dehiTsSXYjqkcpiB4N0gRXltnZqw7Ozi4zs6Is/qNe+iu+RBTRa/+iUZco7cLA4Zx7mHOPH3OmtG2/WrmV1bX1jfxmYWt7Z3evuH/QUFEiKdRpxCPZ9IkCzgTUNdMcmrEEEvocHv3+zVR/HIBULBIPehRDOyRdwTqMEm0or3jr+tBlIvVDoiUbjgsuN+aAeM6w7DnYdbE7CCKtZiiTxNAT5YILIvixecWSXbFng5eBk4ESyqbmFSduENEkBKEpJ0q1HDvW7ZRIzSgHEyNREBPaJ11oGShICKqdzu4d4xPDBLgTSfOExjP2tyMloVKj0DebJl9PLWpT8j+tlejOVTtlIk40CDr/qJNwrCM8LQ8HTALVfGQAoZKZrJj2iCRUm4oLpgRn8eRl0DirOBcV5/68VL3O6sijI3SMTpGDLlEV3aEaqiOKntAEvaF369l6sT6sz/lqzso8h+jPWF/fVI+pQQ==</latexit>2

64
�1x0

1
...

�nx0
n

3

75

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization - Matrix Multiplication
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Interpretation of 
Matrix Multiplication

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

transforming  
into eigen- 

vector coords

<latexit sha1_base64="FCBIcynTiXfDO/IcdPIsL4if4Co=">AAACInicbVDLSsNAFJ34Nr6iLt0MFkFclETEx05047KCbYUmhsnkpg5OJmFmUlpCv8WNv+LGhaKuBD/GSS34PDBwOOdc5t4T5Zwp7bpv1sTk1PTM7Ny8vbC4tLzirK61VFZICk2a8UxeRkQBZwKammkOl7kEkkYc2tHNaeW3eyAVy8SFHuQQpKQrWMIo0UYKnSM/gi4TZZQSLVl/aLdD72qnj33f9ntxplXF2qEwmu2DiL+CoVNz6+4I+C/xxqSGxmiEzosfZ7RIQWjKiVIdz811UBKpGeUwtP1CQU7oDelCx1BBUlBBOTpxiLeMEuMkk+YJjUfq94mSpEoN0sgkzYLX6rdXif95nUInh0HJRF5oEPTzo6TgWGe46gvHTALVfGAIoZKZXTG9JpJQbVqtSvB+n/yXtHbr3n7dO9+rHZ+M65hDG2gTbSMPHaBjdIYaqIkoukX36BE9WXfWg/VsvX5GJ6zxzDr6Aev9A8+hozY=</latexit>2

64
W ⇤

1 x
...

W ⇤
nx

3

75

<latexit sha1_base64="JHpibOQN/yUrsDF9uvlk4Qgbkao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbabt0swm7G7GE/gQvHhTx6i/y5r9x0+ag1QcDj/dmmJkXxIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZQohg0WiUi1A6pRcIkNw43AdqyQhoHAVjC+zvzWAyrNI3lvJjH6IR1KPuCMGivdXT6WeuWKW3VnIH+Jl5MK5Kj3yp/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmRVfpkEClb0pCZ+nMipaHWkzCwnSE1I73oZeJ/Xicxgws/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZf/kuZJ1TurerenldpVHkcRDuAQjsGDc6jBDdShAQyG8AQv8OoI59l5c97nrQUnn9mHX3A+vgGksI1h</latexit>

Ax
Eigenvalues:

<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization - Matrix Multiplication
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Interpretation of 
Matrix Multiplication

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

transforming  
into eigen- 

vector coords

Scaling 
each coord 

by eigenvalue

<latexit sha1_base64="FCBIcynTiXfDO/IcdPIsL4if4Co=">AAACInicbVDLSsNAFJ34Nr6iLt0MFkFclETEx05047KCbYUmhsnkpg5OJmFmUlpCv8WNv+LGhaKuBD/GSS34PDBwOOdc5t4T5Zwp7bpv1sTk1PTM7Ny8vbC4tLzirK61VFZICk2a8UxeRkQBZwKammkOl7kEkkYc2tHNaeW3eyAVy8SFHuQQpKQrWMIo0UYKnSM/gi4TZZQSLVl/aLdD72qnj33f9ntxplXF2qEwmu2DiL+CoVNz6+4I+C/xxqSGxmiEzosfZ7RIQWjKiVIdz811UBKpGeUwtP1CQU7oDelCx1BBUlBBOTpxiLeMEuMkk+YJjUfq94mSpEoN0sgkzYLX6rdXif95nUInh0HJRF5oEPTzo6TgWGe46gvHTALVfGAIoZKZXTG9JpJQbVqtSvB+n/yXtHbr3n7dO9+rHZ+M65hDG2gTbSMPHaBjdIYaqIkoukX36BE9WXfWg/VsvX5GJ6zxzDr6Aev9A8+hozY=</latexit>2

64
W ⇤

1 x
...

W ⇤
nx

3

75

<latexit sha1_base64="/RoOxo/RFzp14PwDqeqgoj7DtTU="></latexit>2

64
�1W ⇤

1 x
...

�nW ⇤
nx

3

75

<latexit sha1_base64="JHpibOQN/yUrsDF9uvlk4Qgbkao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbabt0swm7G7GE/gQvHhTx6i/y5r9x0+ag1QcDj/dmmJkXxIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZQohg0WiUi1A6pRcIkNw43AdqyQhoHAVjC+zvzWAyrNI3lvJjH6IR1KPuCMGivdXT6WeuWKW3VnIH+Jl5MK5Kj3yp/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmRVfpkEClb0pCZ+nMipaHWkzCwnSE1I73oZeJ/Xicxgws/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZf/kuZJ1TurerenldpVHkcRDuAQjsGDc6jBDdShAQyG8AQv8OoI59l5c97nrQUnn9mHX3A+vgGksI1h</latexit>

Ax
Eigenvalues:

<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization - Matrix Multiplication
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Interpretation of 
Matrix Multiplication

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

transforming  
into eigen- 

vector coords

Scaling 
each coord 

by eigenvalue

<latexit sha1_base64="FCBIcynTiXfDO/IcdPIsL4if4Co=">AAACInicbVDLSsNAFJ34Nr6iLt0MFkFclETEx05047KCbYUmhsnkpg5OJmFmUlpCv8WNv+LGhaKuBD/GSS34PDBwOOdc5t4T5Zwp7bpv1sTk1PTM7Ny8vbC4tLzirK61VFZICk2a8UxeRkQBZwKammkOl7kEkkYc2tHNaeW3eyAVy8SFHuQQpKQrWMIo0UYKnSM/gi4TZZQSLVl/aLdD72qnj33f9ntxplXF2qEwmu2DiL+CoVNz6+4I+C/xxqSGxmiEzosfZ7RIQWjKiVIdz811UBKpGeUwtP1CQU7oDelCx1BBUlBBOTpxiLeMEuMkk+YJjUfq94mSpEoN0sgkzYLX6rdXif95nUInh0HJRF5oEPTzo6TgWGe46gvHTALVfGAIoZKZXTG9JpJQbVqtSvB+n/yXtHbr3n7dO9+rHZ+M65hDG2gTbSMPHaBjdIYaqIkoukX36BE9WXfWg/VsvX5GJ6zxzDr6Aev9A8+hozY=</latexit>2

64
W ⇤

1 x
...

W ⇤
nx

3

75

<latexit sha1_base64="/RoOxo/RFzp14PwDqeqgoj7DtTU="></latexit>2

64
�1W ⇤

1 x
...

�nW ⇤
nx

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
Transforming back 

into regular coordinates

<latexit sha1_base64="Sb6adG4OjUA+aE3ubFa0+RksPSE=">AAACHHicbVDLSgMxFM34rONr1KWbYBHEQpmoqMuiG5cV7AM6dchkMm1oJjMkGbEM/RA3/oobF4q4cSH4N6YPQVsPBA7nnMvNPUHKmdKu+2XNzS8sLi0XVuzVtfWNTWdru66STBJaIwlPZDPAinImaE0zzWkzlRTHAaeNoHc59Bt3VCqWiBvdT2k7xh3BIkawNpLvHNd95HGTD7GPYMNHt4f3sAQ9EiZawZJd98WPLYwtjG37TtEtuyPAWYImpAgmqPrOhxcmJIup0IRjpVrITXU7x1IzwunA9jJFU0x6uENbhgocU9XOR8cN4L5RQhgl0jyh4Uj9PZHjWKl+HJhkjHVXTXtD8T+vlenovJ0zkWaaCjJeFGUc6gQOm4Ihk5Ro3jcEE8nMXyHpYomJNn0OS0DTJ8+S+lEZnZbR9UmxcjGpowB2wR44AAicgQq4AlVQAwQ8gCfwAl6tR+vZerPex9E5azKzA/7A+vwGb9+fHQ==</latexit>

V1�1W
⇤
1 x+ · · ·+ Vn�nW

⇤
nx

<latexit sha1_base64="JHpibOQN/yUrsDF9uvlk4Qgbkao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPVi8eK9gPaUDbbabt0swm7G7GE/gQvHhTx6i/y5r9x0+ag1QcDj/dmmJkXxIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZQohg0WiUi1A6pRcIkNw43AdqyQhoHAVjC+zvzWAyrNI3lvJjH6IR1KPuCMGivdXT6WeuWKW3VnIH+Jl5MK5Kj3yp/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmRVfpkEClb0pCZ+nMipaHWkzCwnSE1I73oZeJ/Xicxgws/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZf/kuZJ1TurerenldpVHkcRDuAQjsGDc6jBDdShAQyG8AQv8OoI59l5c97nrQUnn9mHX3A+vgGksI1h</latexit>

Ax
Eigenvalues:

<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



<latexit sha1_base64="7X3V1ofs8Lv2ZWfxbm7qkbul9VE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj14rGC/YB2Kdk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGet43WlldW9/YLG2Vt3d29/YrB4ctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPxXe63n5g2PFaPdpKwQJKh4hGnxObSTavP+5WqV/NmwMvEL0gVCjT6la/eIKapZMpSQYzp+l5ig4xoy6lg03IvNSwhdEyGrOuoIpKZIJvdOsWnThngKNaulMUz9fdERqQxExm6TknsyCx6ufif101tdB1kXCWpZYrOF0WpwDbG+eN4wDWjVkwcIVRzdyumI6IJtS6esgvBX3x5mbTOa/5lzX+4qNZvizhKcAwncAY+XEEd7qEBTaAwgmd4hTck0Qt6Rx/z1hVUzBzBH6DPH7brjgc=</latexit>

AVi

Diagonalization - Matrix Multiplication
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Interpretation of 
Matrix Multiplication

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

Orthogonal 
to all other 

left eigenvectors

If x is an eigenvector…

<latexit sha1_base64="5E54/ta9gyCD2PkvjgzN2MvlbIA=">AAACNnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLotu3AgV7AOaUCaT23boZBJmJsUS+lVu/A533bhQxK2f4KQNqG0PDBzOuYe59/gxZ0rb9sRaWV1b39gsbBW3d3b39ksHhw0VJZJCnUY8ki2fKOBMQF0zzaEVSyChz6HpD24zvzkEqVgkHvUoBi8kPcG6jBJtpE7p3vWhx0Tqh0RL9jQuutjGLsaui91hEGk1ZdhZotlGKboggt9wp1S2K/YUeJE4OSmjHLVO6dUNIpqEIDTlRKm2Y8faS4nUjHIw2yQKYkIHpAdtQwUJQXnp9OwxPjVKgLuRNE9oPFX/JlISKjUKfTNpFuyreS8Tl3ntRHevvZSJONEg6OyjbsKxjnDWIQ6YBKr5yBBCJTO7YtonklBtms5KcOZPXiSN84pzWXEeLsrVm7yOAjpGJ+gMOegKVdEdqqE6ougZTdA7+rBerDfr0/qaja5YeeYI/YP1/QP9/qh0</latexit>2

6666664

0
...
1
...
0

3

7777775

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



<latexit sha1_base64="7X3V1ofs8Lv2ZWfxbm7qkbul9VE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj14rGC/YB2Kdk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGet43WlldW9/YLG2Vt3d29/YrB4ctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPxXe63n5g2PFaPdpKwQJKh4hGnxObSTavP+5WqV/NmwMvEL0gVCjT6la/eIKapZMpSQYzp+l5ig4xoy6lg03IvNSwhdEyGrOuoIpKZIJvdOsWnThngKNaulMUz9fdERqQxExm6TknsyCx6ufif101tdB1kXCWpZYrOF0WpwDbG+eN4wDWjVkwcIVRzdyumI6IJtS6esgvBX3x5mbTOa/5lzX+4qNZvizhKcAwncAY+XEEd7qEBTaAwgmd4hTck0Qt6Rx/z1hVUzBzBH6DPH7brjgc=</latexit>

AVi

Diagonalization - Matrix Multiplication
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Interpretation of 
Matrix Multiplication

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

Orthogonal 
to all other 

left eigenvectors

Scaled 
by specific 
eigenvalue

If x is an eigenvector…

<latexit sha1_base64="5E54/ta9gyCD2PkvjgzN2MvlbIA=">AAACNnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLotu3AgV7AOaUCaT23boZBJmJsUS+lVu/A533bhQxK2f4KQNqG0PDBzOuYe59/gxZ0rb9sRaWV1b39gsbBW3d3b39ksHhw0VJZJCnUY8ki2fKOBMQF0zzaEVSyChz6HpD24zvzkEqVgkHvUoBi8kPcG6jBJtpE7p3vWhx0Tqh0RL9jQuutjGLsaui91hEGk1ZdhZotlGKboggt9wp1S2K/YUeJE4OSmjHLVO6dUNIpqEIDTlRKm2Y8faS4nUjHIw2yQKYkIHpAdtQwUJQXnp9OwxPjVKgLuRNE9oPFX/JlISKjUKfTNpFuyreS8Tl3ntRHevvZSJONEg6OyjbsKxjnDWIQ6YBKr5yBBCJTO7YtonklBtms5KcOZPXiSN84pzWXEeLsrVm7yOAjpGJ+gMOegKVdEdqqE6ougZTdA7+rBerDfr0/qaja5YeeYI/YP1/QP9/qh0</latexit>2

6666664

0
...
1
...
0

3

7777775

<latexit sha1_base64="gTwA7xZE1YY9fy0uzVOlzApzDrU=">AAACPnicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXRjcsK9gFNKZnMbRuayQxJpliGfpkbv8GdSzcuFHHr0vQBatsDgcM5997ce4JEcG0878XJrayurW/kNwtb2zu7e+7+QU3HqWJQZbGIVSOgGgSXUDXcCGgkCmgUCKgH/ZuxXx+A0jyW92aYQCuiXck7nFFjpbZbJQF0ucyCiBrFH0YFgj1MMCYEk0EYGz1hmAg7MqRtvsTzrFIgIMPfIW236JW8CfAi8WekiGaotN1nEsYsjUAaJqjWTd9LTCujynAmwG6Vakgo69MuNC2VNALdyibnj/CJVULciZV90uCJ+rcjo5HWwyiwlXbBnp73xuIyr5mazlUr4zJJDUg2/aiTCmxiPM4Sh1wBM2JoCWWK210x61FFmbGJj0Pw509eJLWzkn9R8u/Oi+XrWRx5dISO0Sny0SUqo1tUQVXE0CN6Re/ow3ly3pxP52tamnNmPYfoH5zvHygurBg=</latexit>2

6666664

0
...
�i
...
0

3

7777775

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



<latexit sha1_base64="7X3V1ofs8Lv2ZWfxbm7qkbul9VE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj14rGC/YB2Kdk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGet43WlldW9/YLG2Vt3d29/YrB4ctE6easiaNRaw7ITFMcMWallvBOolmRIaCtcPxXe63n5g2PFaPdpKwQJKh4hGnxObSTavP+5WqV/NmwMvEL0gVCjT6la/eIKapZMpSQYzp+l5ig4xoy6lg03IvNSwhdEyGrOuoIpKZIJvdOsWnThngKNaulMUz9fdERqQxExm6TknsyCx6ufif101tdB1kXCWpZYrOF0WpwDbG+eN4wDWjVkwcIVRzdyumI6IJtS6esgvBX3x5mbTOa/5lzX+4qNZvizhKcAwncAY+XEEd7qEBTaAwgmd4hTck0Qt6Rx/z1hVUzBzBH6DPH7brjgc=</latexit>

AVi

Diagonalization - Matrix Multiplication
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Interpretation of 
Matrix Multiplication

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="gfSicXr4El83rvDK0DyRYhTeo8M=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsgLsqMiLosunFZwT6gU0omvW1DM5khyUjLtP/gxl9x40IRt27c+Tdm2oLaeiDhcM693HtPEHOmtOt+Wbml5ZXVtfy6vbG5tb3j7O5VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC/zvzaPUjFInGnhzE0Q9IVrMMo0UZqOSd+AF0m0iAkWrLB2B5h37cH2TeyfRDtH6flFNyiOwFeJN6MFNAM5Zbz6bcjmoQgNOVEqYbnxrqZEqkZ5TC2/URBTGifdKFhqCAhqGY6uWmMj4zSxp1Imic0nqi/O1ISKjUMA1NpFuypeS8T//Maie5cNlMm4kSDoNNBnYRjHeEsINxmEqjmQ0MIlczsimmPSEK1iTELwZs/eZFUT4veedG7PSuUrmZx5NEBOkTHyEMXqIRuUBlVEEUP6Am9oFfr0Xq23qz3aWnOmvXsoz+wPr4BzMmdeQ==</latexit>2

4
|
x
|

3

5

Orthogonal 
to all other 

left eigenvectors

Scaled 
by specific 
eigenvalue

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
Select out that  

specific eigenvector

If x is an eigenvector…

<latexit sha1_base64="5E54/ta9gyCD2PkvjgzN2MvlbIA=">AAACNnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLotu3AgV7AOaUCaT23boZBJmJsUS+lVu/A533bhQxK2f4KQNqG0PDBzOuYe59/gxZ0rb9sRaWV1b39gsbBW3d3b39ksHhw0VJZJCnUY8ki2fKOBMQF0zzaEVSyChz6HpD24zvzkEqVgkHvUoBi8kPcG6jBJtpE7p3vWhx0Tqh0RL9jQuutjGLsaui91hEGk1ZdhZotlGKboggt9wp1S2K/YUeJE4OSmjHLVO6dUNIpqEIDTlRKm2Y8faS4nUjHIw2yQKYkIHpAdtQwUJQXnp9OwxPjVKgLuRNE9oPFX/JlISKjUKfTNpFuyreS8Tl3ntRHevvZSJONEg6OyjbsKxjnDWIQ6YBKr5yBBCJTO7YtonklBtms5KcOZPXiSN84pzWXEeLsrVm7yOAjpGJ+gMOegKVdEdqqE6ougZTdA7+rBerDfr0/qaja5YeeYI/YP1/QP9/qh0</latexit>2

6666664

0
...
1
...
0

3

7777775

<latexit sha1_base64="gTwA7xZE1YY9fy0uzVOlzApzDrU=">AAACPnicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXRjcsK9gFNKZnMbRuayQxJpliGfpkbv8GdSzcuFHHr0vQBatsDgcM5997ce4JEcG0878XJrayurW/kNwtb2zu7e+7+QU3HqWJQZbGIVSOgGgSXUDXcCGgkCmgUCKgH/ZuxXx+A0jyW92aYQCuiXck7nFFjpbZbJQF0ucyCiBrFH0YFgj1MMCYEk0EYGz1hmAg7MqRtvsTzrFIgIMPfIW236JW8CfAi8WekiGaotN1nEsYsjUAaJqjWTd9LTCujynAmwG6Vakgo69MuNC2VNALdyibnj/CJVULciZV90uCJ+rcjo5HWwyiwlXbBnp73xuIyr5mazlUr4zJJDUg2/aiTCmxiPM4Sh1wBM2JoCWWK210x61FFmbGJj0Pw509eJLWzkn9R8u/Oi+XrWRx5dISO0Sny0SUqo1tUQVXE0CN6Re/ow3ly3pxP52tamnNmPYfoH5zvHygurBg=</latexit>2

6666664

0
...
�i
...
0

3

7777775

<latexit sha1_base64="1kqSG4Cwmk2l48TWw/r6/BR0VD0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APasWQyaRuayQzJHaUM/Q83LhRx67+4829M21lo64ELh3POJTcnSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSvQFo2ilh6600ZD2BGna6ZUrbtWdgSwTLycVyFHvlb+6YczSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdPSEnVglJP9Z2FJKZ+nsjo5Ex4yiwyYji0Cx6U/E/r5Ni/8rPhEpS5IrNH+qnkmBMphWQUGjOUI4toUwLeythQ6opQ1tUyZbgLX55mTTPqt5F1bs7r9Su8zqKcATHcAoeXEINbqEODWCg4Rle4c15cl6cd+djHi04+c4h/IHz+QOdZpHv</latexit>

�iVi

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 1: ordering
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Shuffling eigenvalues 
and eigenvectors

<latexit sha1_base64="AKGXy6xeUhBsKkpT/Oea7fc09UU="></latexit>

P =

2

664

0 1 0 0
0 0 1 0
1 0 0 0
0 0 0 1

3

775Ex.

Permutation Matrix 

<latexit sha1_base64="HfDO5NHsqRqAk3uv3LHSGR2l58k=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9SIUvehthX5Bu5Zsmm1Ds9k1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgkRwbRznGy0tr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrYBoJrhkdcONYK1EMRIFgjWD4c3Ebz4xpXksa2aUMD8ifclDTomxUst7qHn4Ct91S2Wn4kyBF4mbkzLk8Lqlr04vpmnEpKGCaN12ncT4GVGGU8HGxU6qWULokPRZ21JJIqb9bHrvGB9bpYfDWNmSBk/V3xMZibQeRYHtjIgZ6HlvIv7ntVMTXvoZl0lqmKSzRWEqsInx5Hnc44pRI0aWEKq4vRXTAVGEGhtR0Ybgzr+8SBqnFfe84t6flavXeRwFOIQjOAEXLqAKt+BBHSgIeIZXeEOP6AW9o49Z6xLKZw7gD9DnD2mVjug=</latexit>

PTP = I

<latexit sha1_base64="ba2dTmNaV5sxNuF9+q92gXayZMQ=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzEUroyo2/4saFIm79Bnf+jZM2C209MHDmnHu5954g4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4lfutByoVi8WdHiXUj3BfsJARrI3UtQ/qyGMCeRHWgyDIbsf3mflpFlGFxLhrV5yqMwGaJ25BKlCg3rW/vF5M0ogKTThWquM6ifYzLDUjnI7LXqpogskQ92nHUIHNHD+bnDFGR0bpoTCW5gmNJurvjgxHSo2iwFTm66pZLxf/8zqpDi/8jIkk1VSQ6aAw5UjHKM8E9ZikRPORIZhIZnZFZIAlJtokVzYhuLMnz5PmSdU9q7o3p5XaZRFHCfbhEI7BhXOowTXUoQEEHuEZXuHNerJerHfrY1q6YBU9e/AH1ucPn7yYmg==</latexit>

P 2 Rn⇥n

Shuffle columns (or rows) of identity…

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 1: ordering
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Shuffling eigenvalues 
and eigenvectors

<latexit sha1_base64="AKGXy6xeUhBsKkpT/Oea7fc09UU="></latexit>

P =

2

664

0 1 0 0
0 0 1 0
1 0 0 0
0 0 0 1

3

775Ex.

Permutation Matrix 

<latexit sha1_base64="HfDO5NHsqRqAk3uv3LHSGR2l58k=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9SIUvehthX5Bu5Zsmm1Ds9k1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgkRwbRznGy0tr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrYBoJrhkdcONYK1EMRIFgjWD4c3Ebz4xpXksa2aUMD8ifclDTomxUst7qHn4Ct91S2Wn4kyBF4mbkzLk8Lqlr04vpmnEpKGCaN12ncT4GVGGU8HGxU6qWULokPRZ21JJIqb9bHrvGB9bpYfDWNmSBk/V3xMZibQeRYHtjIgZ6HlvIv7ntVMTXvoZl0lqmKSzRWEqsInx5Hnc44pRI0aWEKq4vRXTAVGEGhtR0Ybgzr+8SBqnFfe84t6flavXeRwFOIQjOAEXLqAKt+BBHSgIeIZXeEOP6AW9o49Z6xLKZw7gD9DnD2mVjug=</latexit>

PTP = I

<latexit sha1_base64="ba2dTmNaV5sxNuF9+q92gXayZMQ=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzEUroyo2/4saFIm79Bnf+jZM2C209MHDmnHu5954g4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4lfutByoVi8WdHiXUj3BfsJARrI3UtQ/qyGMCeRHWgyDIbsf3mflpFlGFxLhrV5yqMwGaJ25BKlCg3rW/vF5M0ogKTThWquM6ifYzLDUjnI7LXqpogskQ92nHUIHNHD+bnDFGR0bpoTCW5gmNJurvjgxHSo2iwFTm66pZLxf/8zqpDi/8jIkk1VSQ6aAw5UjHKM8E9ZikRPORIZhIZnZFZIAlJtokVzYhuLMnz5PmSdU9q7o3p5XaZRFHCfbhEI7BhXOowTXUoQEEHuEZXuHNerJerHfrY1q6YBU9e/AH1ucPn7yYmg==</latexit>

P 2 Rn⇥n

Shuffle columns (or rows) of identity…

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="fU/GEayC2Cf6YoRDS6rHCR8h3bQ=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ypqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5L2lHk=</latexit>"
P

# <latexit sha1_base64="FZ7hABNwrN1e7MM3h06r0f/iazw=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJUZEXVZ6sZlhb5gZiyZNDMNzTxIMkIZiht/xY0LRdz6Fe78G9NpF9p6QriHc+4lucdPOZPKsr6N0srq2vpGebOytb2zu2fuH3RkkglC2yThiej5WFLOYtpWTHHaSwXFkc9p1x/dTP3uAxWSJXFLjVPqRTiMWcAIVlrqm0dug4Whg1x9mvetohaS1zerVs0qgJaJPSdVmKPZN7/cQUKyiMaKcCylY1up8nIsFCOcTipuJmmKyQiH1NE0xhGVXl6sMEGnWhmgIBH6xgoV6u+JHEdSjiNfd0ZYDeWiNxX/85xMBddezuI0UzQms4eCjCOVoGkeaMAEJYqPNcFEMP1XRIZYYKJ0ahUdgr248jLpnNfsy5p9d1GtN+ZxlOEYTuAMbLiCOtxCE9pA4BGe4RXejCfjxXg3PmatJWM+cwh/YHz+APphlT8=</latexit>"
PT

# <latexit sha1_base64="fU/GEayC2Cf6YoRDS6rHCR8h3bQ=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ypqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5L2lHk=</latexit>"
P

# <latexit sha1_base64="FZ7hABNwrN1e7MM3h06r0f/iazw=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJUZEXVZ6sZlhb5gZiyZNDMNzTxIMkIZiht/xY0LRdz6Fe78G9NpF9p6QriHc+4lucdPOZPKsr6N0srq2vpGebOytb2zu2fuH3RkkglC2yThiej5WFLOYtpWTHHaSwXFkc9p1x/dTP3uAxWSJXFLjVPqRTiMWcAIVlrqm0dug4Whg1x9mvetohaS1zerVs0qgJaJPSdVmKPZN7/cQUKyiMaKcCylY1up8nIsFCOcTipuJmmKyQiH1NE0xhGVXl6sMEGnWhmgIBH6xgoV6u+JHEdSjiNfd0ZYDeWiNxX/85xMBddezuI0UzQms4eCjCOVoGkeaMAEJYqPNcFEMP1XRIZYYKJ0ahUdgr248jLpnNfsy5p9d1GtN+ZxlOEYTuAMbLiCOtxCE9pA4BGe4RXejCfjxXg3PmatJWM+cwh/YHz+APphlT8=</latexit>"
PT

#

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 1: ordering
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="AKGXy6xeUhBsKkpT/Oea7fc09UU="></latexit>

P =

2

664

0 1 0 0
0 0 1 0
1 0 0 0
0 0 0 1

3

775Ex.

Permutation Matrix 

<latexit sha1_base64="HfDO5NHsqRqAk3uv3LHSGR2l58k=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9SIUvehthX5Bu5Zsmm1Ds9k1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgkRwbRznGy0tr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrYBoJrhkdcONYK1EMRIFgjWD4c3Ebz4xpXksa2aUMD8ifclDTomxUst7qHn4Ct91S2Wn4kyBF4mbkzLk8Lqlr04vpmnEpKGCaN12ncT4GVGGU8HGxU6qWULokPRZ21JJIqb9bHrvGB9bpYfDWNmSBk/V3xMZibQeRYHtjIgZ6HlvIv7ntVMTXvoZl0lqmKSzRWEqsInx5Hnc44pRI0aWEKq4vRXTAVGEGhtR0Ybgzr+8SBqnFfe84t6flavXeRwFOIQjOAEXLqAKt+BBHSgIeIZXeEOP6AW9o49Z6xLKZw7gD9DnD2mVjug=</latexit>

PTP = I

<latexit sha1_base64="fU/GEayC2Cf6YoRDS6rHCR8h3bQ=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ypqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5L2lHk=</latexit>"
P

# <latexit sha1_base64="FZ7hABNwrN1e7MM3h06r0f/iazw=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJUZEXVZ6sZlhb5gZiyZNDMNzTxIMkIZiht/xY0LRdz6Fe78G9NpF9p6QriHc+4lucdPOZPKsr6N0srq2vpGebOytb2zu2fuH3RkkglC2yThiej5WFLOYtpWTHHaSwXFkc9p1x/dTP3uAxWSJXFLjVPqRTiMWcAIVlrqm0dug4Whg1x9mvetohaS1zerVs0qgJaJPSdVmKPZN7/cQUKyiMaKcCylY1up8nIsFCOcTipuJmmKyQiH1NE0xhGVXl6sMEGnWhmgIBH6xgoV6u+JHEdSjiNfd0ZYDeWiNxX/85xMBddezuI0UzQms4eCjCOVoGkeaMAEJYqPNcFEMP1XRIZYYKJ0ahUdgr248jLpnNfsy5p9d1GtN+ZxlOEYTuAMbLiCOtxCE9pA4BGe4RXejCfjxXg3PmatJWM+cwh/YHz+APphlT8=</latexit>"
PT

# <latexit sha1_base64="fU/GEayC2Cf6YoRDS6rHCR8h3bQ=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ypqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5L2lHk=</latexit>"
P

# <latexit sha1_base64="FZ7hABNwrN1e7MM3h06r0f/iazw=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJUZEXVZ6sZlhb5gZiyZNDMNzTxIMkIZiht/xY0LRdz6Fe78G9NpF9p6QriHc+4lucdPOZPKsr6N0srq2vpGebOytb2zu2fuH3RkkglC2yThiej5WFLOYtpWTHHaSwXFkc9p1x/dTP3uAxWSJXFLjVPqRTiMWcAIVlrqm0dug4Whg1x9mvetohaS1zerVs0qgJaJPSdVmKPZN7/cQUKyiMaKcCylY1up8nIsFCOcTipuJmmKyQiH1NE0xhGVXl6sMEGnWhmgIBH6xgoV6u+JHEdSjiNfd0ZYDeWiNxX/85xMBddezuI0UzQms4eCjCOVoGkeaMAEJYqPNcFEMP1XRIZYYKJ0ahUdgr248jLpnNfsy5p9d1GtN+ZxlOEYTuAMbLiCOtxCE9pA4BGe4RXejCfjxXg3PmatJWM+cwh/YHz+APphlT8=</latexit>"
PT

#

<latexit sha1_base64="ba2dTmNaV5sxNuF9+q92gXayZMQ=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzEUroyo2/4saFIm79Bnf+jZM2C209MHDmnHu5954g4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4lfutByoVi8WdHiXUj3BfsJARrI3UtQ/qyGMCeRHWgyDIbsf3mflpFlGFxLhrV5yqMwGaJ25BKlCg3rW/vF5M0ogKTThWquM6ifYzLDUjnI7LXqpogskQ92nHUIHNHD+bnDFGR0bpoTCW5gmNJurvjgxHSo2iwFTm66pZLxf/8zqpDi/8jIkk1VSQ6aAw5UjHKM8E9ZikRPORIZhIZnZFZIAlJtokVzYhuLMnz5PmSdU9q7o3p5XaZRFHCfbhEI7BhXOowTXUoQEEHuEZXuHNerJerHfrY1q6YBU9e/AH1ucPn7yYmg==</latexit>

P 2 Rn⇥n

Shuffle columns (or rows) of identity…

Shuffling eigenvalues 
and eigenvectors

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 1: ordering
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Shuffling eigenvalues 
and eigenvectors

<latexit sha1_base64="AKGXy6xeUhBsKkpT/Oea7fc09UU="></latexit>

P =

2

664

0 1 0 0
0 0 1 0
1 0 0 0
0 0 0 1

3

775Ex.

Permutation Matrix 

<latexit sha1_base64="HfDO5NHsqRqAk3uv3LHSGR2l58k=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9SIUvehthX5Bu5Zsmm1Ds9k1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgkRwbRznGy0tr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrYBoJrhkdcONYK1EMRIFgjWD4c3Ebz4xpXksa2aUMD8ifclDTomxUst7qHn4Ct91S2Wn4kyBF4mbkzLk8Lqlr04vpmnEpKGCaN12ncT4GVGGU8HGxU6qWULokPRZ21JJIqb9bHrvGB9bpYfDWNmSBk/V3xMZibQeRYHtjIgZ6HlvIv7ntVMTXvoZl0lqmKSzRWEqsInx5Hnc44pRI0aWEKq4vRXTAVGEGhtR0Ybgzr+8SBqnFfe84t6flavXeRwFOIQjOAEXLqAKt+BBHSgIeIZXeEOP6AW9o49Z6xLKZw7gD9DnD2mVjug=</latexit>

PTP = I

<latexit sha1_base64="ba2dTmNaV5sxNuF9+q92gXayZMQ=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzEUroyo2/4saFIm79Bnf+jZM2C209MHDmnHu5954g4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4lfutByoVi8WdHiXUj3BfsJARrI3UtQ/qyGMCeRHWgyDIbsf3mflpFlGFxLhrV5yqMwGaJ25BKlCg3rW/vF5M0ogKTThWquM6ifYzLDUjnI7LXqpogskQ92nHUIHNHD+bnDFGR0bpoTCW5gmNJurvjgxHSo2iwFTm66pZLxf/8zqpDi/8jIkk1VSQ6aAw5UjHKM8E9ZikRPORIZhIZnZFZIAlJtokVzYhuLMnz5PmSdU9q7o3p5XaZRFHCfbhEI7BhXOowTXUoQEEHuEZXuHNerJerHfrY1q6YBU9e/AH1ucPn7yYmg==</latexit>

P 2 Rn⇥n

Shuffle columns (or rows) of identity…

<latexit sha1_base64="1EIOeMZvRaH8Yn1HuUHKoamY8iM="></latexit>2

64
� W ⇤

n �
...

� W ⇤
1 �

3

75

<latexit sha1_base64="n56865PFL91cez1X63MgZtFpTQ4=">AAACMXicbZBNS8NAEIY3fhu/qh69LBbFU0lE1GPRi8cKNgpNCJvNpF262YTdjVhi/5IX/4l48aCIV/+Em7bi5ywLD+/MMDNvlHOmtOM8WVPTM7Nz8wuL9tLyyupabX3DU1khKbRpxjN5FREFnAloa6Y5XOUSSBpxuIz6p1X+8hqkYpm40IMcgpR0BUsYJdpIYe3Mj6DLRBmlREt2M7Rv8a55t9j3bS8UBn0aZ1oZ8EK3Uj8LbB9E/NUX1upOwxkF/gvuBOpoEq2w9uDHGS1SEJpyolTHdXIdlERqRjkMbb9QkBPaJ13oGBQkBRWUo4uHeMcoMU4yab7QeKR+7yhJqtQgjUylWbCnfucq8b9cp9DJcVAykRcaBB0PSgqOdYYr+3DMJFDNBwYIlczsimmPSEK1Mbkywf198l/w9hvuYcM9P6g3TyZ2LKAttI32kIuOUBOdoRZqI4ru0CN6Ri/WvfVkvVpv49Ipa9KziX6E9f4BKKCl6w==</latexit>2

4
| |
Vn · · · V1

| |

3

5

<latexit sha1_base64="vnwM1Kv4f8ZvTdqZUdCchtdGRmo="></latexit>2

64
�n · · · 0
...

...
0 · · · �1

3

75

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 1: ordering
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Shuffling eigenvalues 
and eigenvectors

<latexit sha1_base64="AKGXy6xeUhBsKkpT/Oea7fc09UU="></latexit>

P =

2

664

0 1 0 0
0 0 1 0
1 0 0 0
0 0 0 1

3

775Ex.

Permutation Matrix 

<latexit sha1_base64="HfDO5NHsqRqAk3uv3LHSGR2l58k=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9SIUvehthX5Bu5Zsmm1Ds9k1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgkRwbRznGy0tr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrYBoJrhkdcONYK1EMRIFgjWD4c3Ebz4xpXksa2aUMD8ifclDTomxUst7qHn4Ct91S2Wn4kyBF4mbkzLk8Lqlr04vpmnEpKGCaN12ncT4GVGGU8HGxU6qWULokPRZ21JJIqb9bHrvGB9bpYfDWNmSBk/V3xMZibQeRYHtjIgZ6HlvIv7ntVMTXvoZl0lqmKSzRWEqsInx5Hnc44pRI0aWEKq4vRXTAVGEGhtR0Ybgzr+8SBqnFfe84t6flavXeRwFOIQjOAEXLqAKt+BBHSgIeIZXeEOP6AW9o49Z6xLKZw7gD9DnD2mVjug=</latexit>

PTP = I

<latexit sha1_base64="ba2dTmNaV5sxNuF9+q92gXayZMQ=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzEUroyo2/4saFIm79Bnf+jZM2C209MHDmnHu5954g4Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7ep4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4lfutByoVi8WdHiXUj3BfsJARrI3UtQ/qyGMCeRHWgyDIbsf3mflpFlGFxLhrV5yqMwGaJ25BKlCg3rW/vF5M0ogKTThWquM6ifYzLDUjnI7LXqpogskQ92nHUIHNHD+bnDFGR0bpoTCW5gmNJurvjgxHSo2iwFTm66pZLxf/8zqpDi/8jIkk1VSQ6aAw5UjHKM8E9ZikRPORIZhIZnZFZIAlJtokVzYhuLMnz5PmSdU9q7o3p5XaZRFHCfbhEI7BhXOowTXUoQEEHuEZXuHNerJerHfrY1q6YBU9e/AH1ucPn7yYmg==</latexit>

P 2 Rn⇥n

Shuffle columns (or rows) of identity…

<latexit sha1_base64="1EIOeMZvRaH8Yn1HuUHKoamY8iM="></latexit>2

64
� W ⇤

n �
...

� W ⇤
1 �

3

75

<latexit sha1_base64="n56865PFL91cez1X63MgZtFpTQ4=">AAACMXicbZBNS8NAEIY3fhu/qh69LBbFU0lE1GPRi8cKNgpNCJvNpF262YTdjVhi/5IX/4l48aCIV/+Em7bi5ywLD+/MMDNvlHOmtOM8WVPTM7Nz8wuL9tLyyupabX3DU1khKbRpxjN5FREFnAloa6Y5XOUSSBpxuIz6p1X+8hqkYpm40IMcgpR0BUsYJdpIYe3Mj6DLRBmlREt2M7Rv8a55t9j3bS8UBn0aZ1oZ8EK3Uj8LbB9E/NUX1upOwxkF/gvuBOpoEq2w9uDHGS1SEJpyolTHdXIdlERqRjkMbb9QkBPaJ13oGBQkBRWUo4uHeMcoMU4yab7QeKR+7yhJqtQgjUylWbCnfucq8b9cp9DJcVAykRcaBB0PSgqOdYYr+3DMJFDNBwYIlczsimmPSEK1Mbkywf198l/w9hvuYcM9P6g3TyZ2LKAttI32kIuOUBOdoRZqI4ru0CN6Ri/WvfVkvVpv49Ipa9KziX6E9f4BKKCl6w==</latexit>2

4
| |
Vn · · · V1

| |

3

5

<latexit sha1_base64="vnwM1Kv4f8ZvTdqZUdCchtdGRmo="></latexit>2

64
�n · · · 0
...

...
0 · · · �1

3

75

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 2: scaling
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Scaling  
eigenvectors

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="5gHaaJM26nS6k/uoDwM4iuEdQ0M="></latexit>2

64

�1
�1

�1
· · · 0

...
...

0 · · · �n
�n

�n

3

75

diagonal matrices 
commute…

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 2: scaling
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Scaling  
eigenvectors

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

diagonal matrices 
commute…

<latexit sha1_base64="5ZzK4FyYw37E4y4lqJfJsgDU6So="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="hnxnJs0YZ6O6l0wBUf9D5TReyZU="></latexit>2

64

1
�1

· · · 0
...

...
0 · · · 1

�n

3

75

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Diagonalization (non-unique) case 2: scaling
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization

<latexit sha1_base64="Y0T+dp8C7P1QSvMXmnbKEuGiT/E="></latexit>

V =

2

4
| |
V1 · · · Vn

| |

3

5

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="/GjIqvIKiIBr+DdwbKirDA1K0T8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv+uVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPmWGMzg==</latexit>

D
<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="VsolNYB0pBNHfge1GXzI1PIYc34="></latexit>2

64
� W ⇤

1 �
...

� W ⇤
n �

3

75

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (
<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="oViNHwOZS30400mN7sECE4tgPlY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiSwksJJu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHvpapIrRJJJeqHWJNORO0aZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZW8v2H7Myb9MoVt+rOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvLxP/vOpdVL27WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8HX47G</latexit>

V �1<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Right  
eigen- 
vectors 

Left 
eigen- 
vectors 

Eigen- 
values 

(on diagonal)

<latexit sha1_base64="TnE27ncuxgC65/cj7Sp0vtcJRuw=">AAACBHicbVC7TsMwFL0pr1JeAcYuFhUSU5UgBCxIpSyMRaIPqYkqx3VSq85DtoNURR1Y+BUWBhBi5SPY+BvcNAO0HMtXR+fcK/seL+FMKsv6Nkorq2vrG+XNytb2zu6euX/QkXEqCG2TmMei52FJOYtoWzHFaS8RFIcep11vfDPzuw9USBZH92qSUDfEQcR8RrDS0sCsOk0WBH3k6HOdV5QrLrpCA7Nm1a0caJnYBalBgdbA/HKGMUlDGinCsZR920qUm2GhGOF0WnFSSRNMxjigfU0jHFLpZvkSU3SslSHyY6FvpFCu/p7IcCjlJPR0Z4jVSC56M/E/r58q/9LNWJSkikZk/pCfcqRiNEsEDZmgRPGJJpgIpv+KyAgLTJTOraJDsBdXXiad07p9XrfvzmqNZhFHGapwBCdgwwU04BZa0AYCj/AMr/BmPBkvxrvxMW8tGcXMIfyB8fkDGSaVLw==</latexit>"
A

#
=

<latexit sha1_base64="yscKZRwQbow125FzmMTc58BJW4M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eiYVfdYvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfu0UnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGtWpwf1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPsKmPNQ==</latexit>X

i

<latexit sha1_base64="xRREP8qF210TmP7ZavphlDSeCy0=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCQi6rLoxmUF+4CmhMnkth06mYSZiVjS/oQbf8WNC0XcCu78G6cPRFsPDHM4517uvSdMOVPadb+shcWl5ZXVwpq9vrG5te3s7NZUkkkKVZrwRDZCooAzAVXNNIdGKoHEIYd62Lsa+fU7kIol4lb3U2jFpCNYm1GijRQ4x34IHSbyMCZasvuhPcC+j2sBG30DbPsgoh8zcIpuyR0DzxNvSopoikrgfPpRQrMYhKacKNX03FS3ciI1oxyGtp8pSAntkQ40DRUkBtXKx1cN8aFRItxOpHlC47H6uyMnsVL9ODSVZr+umvVG4n9eM9Pti1bORJppEHQyqJ1xrBM8ighHTALVvG8IoZKZXTHtEkmoNkHaJgRv9uR5UjspeWcl7+a0WL6cxlFA++gAHSEPnaMyukYVVEUUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDZQ0nnU=</latexit>2

4
|
Vi

|

3

5

<latexit sha1_base64="maLcvJbOEMsfVzFEzO4MbkW9Zrw=">AAACFnicbZDLSsNAFIYnXmu8RV26GSyKCC2JiLosunFZwV6gqWUyPW2HTiZhZiKW0Kdw46u4caGIW3Hn2zhtg2jrgYGP/z+HOecPYs6Udt0va25+YXFpObdir66tb2w6W9tVFSWSQoVGPJL1gCjgTEBFM82hHksgYcChFvQvR37tDqRikbjRgxiaIekK1mGUaCO1nIIfQJeJNAiJlux+aBfwAca1Frs9MlDAtg+i/eO2nLxbdMeFZ8HLII+yKrecT78d0SQEoSknSjU8N9bNlEjNKIeh7ScKYkL7pAsNg4KEoJrp+Kwh3jdKG3ciaZ7QeKz+nkhJqNQgDEyn2a+npr2R+J/XSHTnvJkyEScaBJ181Ek41hEeZYTbTALVfGCAUMnMrpj2iCRUmyRtE4I3ffIsVI+L3mnRuz7Jly6yOHJoF+2hQ+ShM1RCV6iMKoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6+AQBInWY=</latexit>⇥
� W ⇤

i �
⇤<latexit sha1_base64="05Hnm3JF8GFYIDzRQGyZC1g0hGU=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoioi6LblxWsA9IQphMJu3QyYOZiVBCwV9x40IRt36HO//GSZuFth4YOHPOPcydE2ScSWVZ30ZtZXVtfaO+2dja3tndM/cPejLNBaFdkvJUDAIsKWcJ7SqmOB1kguI44LQfjG9Lv/9IhWRp8qAmGfViPExYxAhWWvLNIzdgQwe5XEdC7DNU3j3fbFotawa0TOyKNKFCxze/3DAleUwTRTiW0rGtTHkFFooRTqcNN5c0w2SMh9TRNMExlV4xW3+KTrUSoigV+iQKzdTfiQLHUk7iQE/GWI3koleK/3lOrqJrr2BJliuakPlDUc6RSlHZBQqZoETxiSaYCKZ3RWSEBSZKN9bQJdiLX14mvfOWfdmy7y+a7ZuqjjocwwmcgQ1X0IY76EAXCBTwDK/wZjwZL8a78TEfrRlV5hD+wPj8AV6tlRw=</latexit>⇥

�i

⇤
Sum of 
rank-1 

matrices

Dyadic 
Expansion

Order of sum does not matter…

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Scaling  
eigenvectors

diagonal matrices 
commute…

<latexit sha1_base64="ZPxBSF/qkYsdbXRMBtN+1zYZn2o="></latexit>2

64
�1 · · · 0
...

...
0 · · · �n

3

75

<latexit sha1_base64="W9b1cShfjCJa8Y7EI5fPl/2svh0="></latexit>2

4
| |

V1�1 · · · Vn�n
| |

3

5

<latexit sha1_base64="s3e/LEh4lOS4wzStOB1J7AtJf1A="></latexit>2

64

� 1
�1
W ⇤

1 �
...

� 1
�n

W ⇤
n �

3

75

<latexit sha1_base64="HT+XM1AtjfX9yQ98HzM6RWfc7AI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/O0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5Xvcuqd39Rqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxUOjRE=</latexit>

V 0 <latexit sha1_base64="jW01ulBEEHOulOWZEOJOYkC7dy0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbRi2VXRD0WvXisYD+kXUs2zbahSXZJskJZ9ld48aCIV3+ON/+NabsHbX0w8Hhvhpl5QcyZNq777RSWlldW14rrpY3Nre2d8u5eU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDPxW09UaRbJezOOqS/wQLKQEWys9JA2j7PH9NTLeuWKW3WnQIvEy0kFctR75a9uPyKJoNIQjrXueG5s/BQrwwinWambaBpjMsID2rFUYkG1n04PztCRVfoojJQtadBU/T2RYqH1WAS2U2Az1PPeRPzP6yQmvPJTJuPEUElmi8KEIxOhyfeozxQlho8twUQxeysiQ6wwMTajkg3Bm395kTTPqt5F1bs7r9Su8ziKcACHcAIeXEINbqEODSAg4Ble4c1Rzovz7nzMWgtOPrMPf+B8/gAxKJAD</latexit>

V 0�1

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Spectral Mapping Theorem
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization
<latexit sha1_base64="jK1p+NYwuQK2IydZUDXx9dFRGhs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBehfhw8VrDbQruWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0sLC4tr6wW1orrG5tb26WdXV/HqSK0TmIeq2aINeVM0rphhtNmoigWIaeNcHAz9htPVGkWywczTGggcE+yiBFsrNS+QpfIv/Ufs2Nv1CmV3Yo7AZonXk7KkKPWKX21uzFJBZWGcKx1y3MTE2RYGUY4HRXbqaYJJgPcoy1LJRZUB9nk5hE6tEoXRbGyJQ2aqL8nMiy0HorQdgps+nrWG4v/ea3URBdBxmSSGirJdFGUcmRiNA4AdZmixPChJZgoZm9FpI8VJsbGVLQheLMvzxP/pOKdVbz703L1Oo+jAPtwAEfgwTlU4Q5qUAcCCTzDK7w5qfPivDsf09YFJ5/Zgz9wPn8A+bGQWg==</latexit>

A = V DV �1

Powers of A 
<latexit sha1_base64="pR/2dflg7MCIaS2eA/sJyCoKc+w=">AAACJnicbVDLSsNAFJ34rPUVdelmsAhuLImIuinUx8JlBZsWmrRMptN26OTBzI1QQr/Gjb/ixkVFxJ2f4rTNQhsPDJx7zr3cucePBVdgWV/G0vLK6tp6YaO4ubW9s2vu7TsqSiRldRqJSDZ9opjgIasDB8GasWQk8AVr+MPbqd94YlLxKHyEUcy8gPRD3uOUgJY6ZuW6PcQV7Nw57fTUHmMXeMBUrnZpNwKVcztmySpbM+A8sTNSQhlqHXPidiOaBCwEKohSLduKwUuJBE4FGxfdRLGY0CHps5amIdHrvHR25hgfa6WLe5HULwQ8U39PpCRQahT4ujMgMFCL3lT8z2sl0LvyUh7GCbCQzhf1EoEhwtPMcJdLRkGMNCFUcv1XTAdEEgo62aIOwV48OU+cs7J9UbYfzkvVmyyOAjpER+gE2egSVdE9qqE6ougZvaIJejdejDfjw/icty4Z2cwB+gPj+wdyq6NZ</latexit>

Ak = V DV �1 ⇥ V DV �1 ⇥ · · ·⇥ V DV �1

<latexit sha1_base64="hAE1UbmkqoaoGNvQTSrl+s6xx7I=">AAACDnicbZDNSgMxFIUz/tb6N+rSTbAU3FhmRNSNUNSFywp2WmjHkslk2tBMMiQZoQx9Aje+ihsXirh17c63MW0Hqq0HAh/n3svNPUHCqNKO820tLC4tr6wW1orrG5tb2/bOrqdEKjGpY8GEbAZIEUY5qWuqGWkmkqA4YKQR9K9G9cYDkYoKfqcHCfFj1OU0ohhpY3Xs8gX0rr377MgdTqGNQ6EVnBodu+RUnLHgPLg5lECuWsf+aocCpzHhGjOkVMt1Eu1nSGqKGRkW26kiCcJ91CUtgxzFRPnZ+JwhLBsnhJGQ5nENx+7viQzFSg3iwHTGSPfUbG1k/ldrpTo69zPKk1QTjieLopRBLeAoGxhSSbBmAwMIS2r+CnEPSYS1SbBoQnBnT54H77jinlbc25NS9TKPowD2wQE4BC44A1VwA2qgDjB4BM/gFbxZT9aL9W59TFoXrHxmD/yR9fkD7f6ZhQ==</latexit>

= V DV �1V DV �1 · · ·V DV �1

<latexit sha1_base64="C6SGL3f93hpszB67tXwHG6Sf2EU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4sWxE1ItQ1IPHCnZbaLclm2bb0Gx2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLevqfjVFFWp7GIVTMgmgkuWd1wI1gzUYxEgWCNYHg78RtPTGkey0czSpgfkb7kIafEWKl9jby7ztDrZKd43C2V3Yo7BVokOCdlyFHrlr7avZimEZOGCqJ1C7uJ8TOiDKeCjYvtVLOE0CHps5alkkRM+9n05jE6tkoPhbGyJQ2aqr8nMhJpPYoC2xkRM9Dz3kT8z2ulJrzyMy6T1DBJZ4vCVCATo0kAqMcVo0aMLCFUcXsrogOiCDU2pqINAc+/vEi8swq+qOCH83L1Jo+jAIdwBCeA4RKqcA81qAOFBJ7hFd6c1Hlx3p2PWeuSk88cwB84nz+aV5DC</latexit>

= V DkV �1

<latexit sha1_base64="FP7iGuLzP4QAS3fyokSziGbbftw=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSQi6kaoj4XLCjYttGmZTCftkMmDmYlSYj/FjQtF3Pol7vwbJ20X2nrgwuGce7n3Hi/hTCrL+jYWFpeWV1YLa8X1jc2tbbO048g4FYTWScxj0fSwpJxFtK6Y4rSZCIpDj9OGF1znfuOBCsni6F4NE+qGuB8xnxGstNQ1S5edAF0g56YTOJ3syB4Vu2bZqlhjoHliT0kZpqh1za92LyZpSCNFOJayZVuJcjMsFCOcjortVNIEkwD3aUvTCIdUutn49BE60EoP+bHQFSk0Vn9PZDiUchh6ujPEaiBnvVz8z2ulyj93MxYlqaIRmSzyU45UjPIcUI8JShQfaoKJYPpWRAZYYKJ0WnkI9uzL88Q5rtinFfvupFy9msZRgD3Yh0Ow4QyqcAs1qAOBR3iGV3gznowX4934mLQuGNOZXfgD4/MHsxOSWQ==</latexit>

Ak = V DkV �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="dHdvt79pqrNiLd0SZ1WIkQD0WBk="></latexit>2
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<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

# <latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"
V �1

#

Polynomials of A
<latexit sha1_base64="T92kxB83q7qTwouzF9B2oZFyPkU="></latexit>

 (s) = ↵ks
k + ↵k�1s

k�1 + ↵k�2s
k�2 + · · ·+ ↵1s+ ↵01

plugging in A…

<latexit sha1_base64="8tfIw1Nw1CI3HWnA6873UnzR8OA="></latexit>

↵kA
k + ↵k�1A

k�1 + ↵k�2A
k�2 + · · ·+ ↵1A+ ↵0I

<latexit sha1_base64="fvnZR4Jq3AWBCHQQKRUNRlhU1vY="></latexit>

↵kV DkV �1 + ↵k�1V Dk�1V �1 + ↵k�2V Dk�2V �1 + · · ·+ ↵1V DV �1 + ↵0V V �1

<latexit sha1_base64="IxiwuYPd7XsELB50ep1IIk+fQ9U=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6sVjBPPAZAmzk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4e3EbzxxbUSkHnAUcz+kfSV6glG00mO7akTp+oRckU6h6JbdKcgi8TJShAzVTuGr3Y1YEnKFTFJjWp4bo59SjYJJPs63E8Njyoa0z1uWKhpy46fTi8fk2Cpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcn7pCs0ZyhHllCmhb2VsAHVlKENKW9D8OZfXiT107J3Xvbuz4qVmyyOHBzCEZTAgwuowB1UoQYMFDzDK7w5xnlx3p2PWeuSk80cwB84nz953497</latexit>

 (A) =

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="/OOKGKbS6fx6Bxuxaxa02fjZu9Y="></latexit>

= V
⇣
↵kD

k + ↵k�1D
k�1 + ↵k�2D

k�2 + · · ·+ ↵1D + ↵0I
⌘
V �1

<latexit sha1_base64="0GBCp2bsPefflzEz8aoqEs+vahI=">AAACAXicbZC7SgNBFIbPeo3xtmoj2AwGISkMuyJqI8RLYRnBbALJGmYnk2TI7IWZWSEssfFVbCwUsfUt7HwbJ5stNPGHgY//nMOZ83sRZ1JZ1rcxN7+wuLScW8mvrq1vbJpb244MY0FojYQ8FA0PS8pZQGuKKU4bkaDY9zite4Orcb3+QIVkYXCnhhF1fdwLWJcRrLTVNndbVcmKFyV0jpwUr0vOfXJoj9pmwSpbqdAs2BkUIFO1bX61OiGJfRoowrGUTduKlJtgoRjhdJRvxZJGmAxwjzY1Btin0k3SC0boQDsd1A2FfoFCqft7IsG+lEPf050+Vn05XRub/9WaseqeuQkLoljRgEwWdWOOVIjGcaAOE5QoPtSAiWD6r4j0scBE6dDyOgR7+uRZcI7K9knZvj0uVC6zOHKwB/tQBBtOoQI3UIUaEHiEZ3iFN+PJeDHejY9J65yRzezAHxmfPwiilLU=</latexit>

 (A) = V (D)V �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

#
<latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"

V �1

#<latexit sha1_base64="7jwAPSCuhTWjB94JS+ldVqygJ5k="></latexit>2
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polynomial

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =



Spectral Mapping Theorem
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization
<latexit sha1_base64="jK1p+NYwuQK2IydZUDXx9dFRGhs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBehfhw8VrDbQruWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0sLC4tr6wW1orrG5tb26WdXV/HqSK0TmIeq2aINeVM0rphhtNmoigWIaeNcHAz9htPVGkWywczTGggcE+yiBFsrNS+QpfIv/Ufs2Nv1CmV3Yo7AZonXk7KkKPWKX21uzFJBZWGcKx1y3MTE2RYGUY4HRXbqaYJJgPcoy1LJRZUB9nk5hE6tEoXRbGyJQ2aqL8nMiy0HorQdgps+nrWG4v/ea3URBdBxmSSGirJdFGUcmRiNA4AdZmixPChJZgoZm9FpI8VJsbGVLQheLMvzxP/pOKdVbz703L1Oo+jAPtwAEfgwTlU4Q5qUAcCCTzDK7w5qfPivDsf09YFJ5/Zgz9wPn8A+bGQWg==</latexit>

A = V DV �1

Powers of A 
<latexit sha1_base64="pR/2dflg7MCIaS2eA/sJyCoKc+w=">AAACJnicbVDLSsNAFJ34rPUVdelmsAhuLImIuinUx8JlBZsWmrRMptN26OTBzI1QQr/Gjb/ixkVFxJ2f4rTNQhsPDJx7zr3cucePBVdgWV/G0vLK6tp6YaO4ubW9s2vu7TsqSiRldRqJSDZ9opjgIasDB8GasWQk8AVr+MPbqd94YlLxKHyEUcy8gPRD3uOUgJY6ZuW6PcQV7Nw57fTUHmMXeMBUrnZpNwKVcztmySpbM+A8sTNSQhlqHXPidiOaBCwEKohSLduKwUuJBE4FGxfdRLGY0CHps5amIdHrvHR25hgfa6WLe5HULwQ8U39PpCRQahT4ujMgMFCL3lT8z2sl0LvyUh7GCbCQzhf1EoEhwtPMcJdLRkGMNCFUcv1XTAdEEgo62aIOwV48OU+cs7J9UbYfzkvVmyyOAjpER+gE2egSVdE9qqE6ougZvaIJejdejDfjw/icty4Z2cwB+gPj+wdyq6NZ</latexit>

Ak = V DV �1 ⇥ V DV �1 ⇥ · · ·⇥ V DV �1

<latexit sha1_base64="hAE1UbmkqoaoGNvQTSrl+s6xx7I=">AAACDnicbZDNSgMxFIUz/tb6N+rSTbAU3FhmRNSNUNSFywp2WmjHkslk2tBMMiQZoQx9Aje+ihsXirh17c63MW0Hqq0HAh/n3svNPUHCqNKO820tLC4tr6wW1orrG5tb2/bOrqdEKjGpY8GEbAZIEUY5qWuqGWkmkqA4YKQR9K9G9cYDkYoKfqcHCfFj1OU0ohhpY3Xs8gX0rr377MgdTqGNQ6EVnBodu+RUnLHgPLg5lECuWsf+aocCpzHhGjOkVMt1Eu1nSGqKGRkW26kiCcJ91CUtgxzFRPnZ+JwhLBsnhJGQ5nENx+7viQzFSg3iwHTGSPfUbG1k/ldrpTo69zPKk1QTjieLopRBLeAoGxhSSbBmAwMIS2r+CnEPSYS1SbBoQnBnT54H77jinlbc25NS9TKPowD2wQE4BC44A1VwA2qgDjB4BM/gFbxZT9aL9W59TFoXrHxmD/yR9fkD7f6ZhQ==</latexit>

= V DV �1V DV �1 · · ·V DV �1

<latexit sha1_base64="C6SGL3f93hpszB67tXwHG6Sf2EU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4sWxE1ItQ1IPHCnZbaLclm2bb0Gx2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLevqfjVFFWp7GIVTMgmgkuWd1wI1gzUYxEgWCNYHg78RtPTGkey0czSpgfkb7kIafEWKl9jby7ztDrZKd43C2V3Yo7BVokOCdlyFHrlr7avZimEZOGCqJ1C7uJ8TOiDKeCjYvtVLOE0CHps5alkkRM+9n05jE6tkoPhbGyJQ2aqr8nMhJpPYoC2xkRM9Dz3kT8z2ulJrzyMy6T1DBJZ4vCVCATo0kAqMcVo0aMLCFUcXsrogOiCDU2pqINAc+/vEi8swq+qOCH83L1Jo+jAIdwBCeA4RKqcA81qAOFBJ7hFd6c1Hlx3p2PWeuSk88cwB84nz+aV5DC</latexit>

= V DkV �1

<latexit sha1_base64="FP7iGuLzP4QAS3fyokSziGbbftw=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSQi6kaoj4XLCjYttGmZTCftkMmDmYlSYj/FjQtF3Pol7vwbJ20X2nrgwuGce7n3Hi/hTCrL+jYWFpeWV1YLa8X1jc2tbbO048g4FYTWScxj0fSwpJxFtK6Y4rSZCIpDj9OGF1znfuOBCsni6F4NE+qGuB8xnxGstNQ1S5edAF0g56YTOJ3syB4Vu2bZqlhjoHliT0kZpqh1za92LyZpSCNFOJayZVuJcjMsFCOcjortVNIEkwD3aUvTCIdUutn49BE60EoP+bHQFSk0Vn9PZDiUchh6ujPEaiBnvVz8z2ulyj93MxYlqaIRmSzyU45UjPIcUI8JShQfaoKJYPpWRAZYYKJ0WnkI9uzL88Q5rtinFfvupFy9msZRgD3Yh0Ow4QyqcAs1qAOBR3iGV3gznowX4934mLQuGNOZXfgD4/MHsxOSWQ==</latexit>

Ak = V DkV �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="dHdvt79pqrNiLd0SZ1WIkQD0WBk="></latexit>2
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<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

# <latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"
V �1

#

Polynomials of A
<latexit sha1_base64="T92kxB83q7qTwouzF9B2oZFyPkU="></latexit>

 (s) = ↵ks
k + ↵k�1s

k�1 + ↵k�2s
k�2 + · · ·+ ↵1s+ ↵01

<latexit sha1_base64="IxiwuYPd7XsELB50ep1IIk+fQ9U=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6sVjBPPAZAmzk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4e3EbzxxbUSkHnAUcz+kfSV6glG00mO7akTp+oRckU6h6JbdKcgi8TJShAzVTuGr3Y1YEnKFTFJjWp4bo59SjYJJPs63E8Njyoa0z1uWKhpy46fTi8fk2Cpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcn7pCs0ZyhHllCmhb2VsAHVlKENKW9D8OZfXiT107J3Xvbuz4qVmyyOHBzCEZTAgwuowB1UoQYMFDzDK7w5xnlx3p2PWeuSk80cwB84nz953497</latexit>

 (A) =
<latexit sha1_base64="/OOKGKbS6fx6Bxuxaxa02fjZu9Y="></latexit>

= V
⇣
↵kD

k + ↵k�1D
k�1 + ↵k�2D

k�2 + · · ·+ ↵1D + ↵0I
⌘
V �1

<latexit sha1_base64="0GBCp2bsPefflzEz8aoqEs+vahI=">AAACAXicbZC7SgNBFIbPeo3xtmoj2AwGISkMuyJqI8RLYRnBbALJGmYnk2TI7IWZWSEssfFVbCwUsfUt7HwbJ5stNPGHgY//nMOZ83sRZ1JZ1rcxN7+wuLScW8mvrq1vbJpb244MY0FojYQ8FA0PS8pZQGuKKU4bkaDY9zite4Orcb3+QIVkYXCnhhF1fdwLWJcRrLTVNndbVcmKFyV0jpwUr0vOfXJoj9pmwSpbqdAs2BkUIFO1bX61OiGJfRoowrGUTduKlJtgoRjhdJRvxZJGmAxwjzY1Btin0k3SC0boQDsd1A2FfoFCqft7IsG+lEPf050+Vn05XRub/9WaseqeuQkLoljRgEwWdWOOVIjGcaAOE5QoPtSAiWD6r4j0scBE6dDyOgR7+uRZcI7K9knZvj0uVC6zOHKwB/tQBBtOoQI3UIUaEHiEZ3iFN+PJeDHejY9J65yRzezAHxmfPwiilLU=</latexit>

 (A) = V (D)V �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

#
<latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"

V �1

#<latexit sha1_base64="7jwAPSCuhTWjB94JS+ldVqygJ5k="></latexit>2
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0 · · ·  (�n)

3

75

polynomial

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =

Spectral Mapping Theorem for f(s) analytic
<latexit sha1_base64="NAzthRgCIvAKRqBMgQRJBadDhXc=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GITdgVUcuojWUE84BsCLOTm2TI7Owyc1cMS7DxV2wsFLH1K+z8GyePQhMPDBzOOZc79wSxFAZd99tZWFxaXlnNrGXXNza3tnM7u1UTJZpDhUcy0vWAGZBCQQUFSqjHGlgYSKgF/euRX7sHbUSk7nAQQzNkXSU6gjO0Uiu370sbbjPqC0V9hAdMQXSHhcvjVi7vFt0x6DzxpiRPpii3cl9+O+JJCAq5ZMY0PDfGZso0Ci5hmPUTAzHjfdaFhqWKhWCa6fiEIT2ySpt2Im2fQjpWf0+kLDRmEAY2GTLsmVlvJP7nNRLsXDRToeIEQfHJok4iKUZ01AdtCw0c5cASxrWwf6W8xzTjaFvL2hK82ZPnSfWk6J0VvdvTfOlqWkeGHJBDUiAeOSclckPKpEI4eSTP5JW8OU/Oi/PufEyiC850Zo/8gfP5A0/Alrs=</latexit>

� 2 eig(A)
<latexit sha1_base64="oRCTBU8rDkn/sawCLTmNkRkJyMI=">AAACEHicbVC7TsMwFHV4lvIqMLJYVIh2qRKEgLHAwggSpZWaqHLcm2LhOJF9g6iifgILv8LCAEKsjGz8DU7pwOtIlo7OOVfX94SpFAZd98OZmp6ZnZsvLZQXl5ZXVitr65cmyTSHFk9kojshMyCFghYKlNBJNbA4lNAOr08Kv30D2ohEXeAwhSBmAyUiwRlaqVfZiWq+tPE+q1NfKOoj3GIOYjDyj8WgFtWO6gWp9ypVt+GOQf8Sb0KqZIKzXuXd7yc8i0Ehl8yYruemGORMo+ASRmU/M5Ayfs0G0LVUsRhMkI8PGtFtq/RplGj7FNKx+n0iZ7Exwzi0yZjhlfntFeJ/XjfD6DDIhUozBMW/FkWZpJjQoh3aFxo4yqEljGth/0r5FdOMo+2wbEvwfp/8l1zuNrz9hne+V20eT+ookU2yRWrEIwekSU7JGWkRTu7IA3kiz8698+i8OK9f0SlnMrNBfsB5+wRu1ZuR</latexit>

f(�) 2 eig
⇣
f(A)

⌘

<latexit sha1_base64="KcbN2WdOGdcEuXcZ4QFVchiNCcA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfXY6sVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFgxnH1I/wQLCQEWys1KydheXaaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpnle8y4p3f1Gq3mRx5OEIjqEMHlxBFe6gDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MHC9KOIQ==</latexit>

A, f(A) have the same eigenvectors



Spectral Mapping Theorem
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization
<latexit sha1_base64="jK1p+NYwuQK2IydZUDXx9dFRGhs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBehfhw8VrDbQruWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0sLC4tr6wW1orrG5tb26WdXV/HqSK0TmIeq2aINeVM0rphhtNmoigWIaeNcHAz9htPVGkWywczTGggcE+yiBFsrNS+QpfIv/Ufs2Nv1CmV3Yo7AZonXk7KkKPWKX21uzFJBZWGcKx1y3MTE2RYGUY4HRXbqaYJJgPcoy1LJRZUB9nk5hE6tEoXRbGyJQ2aqL8nMiy0HorQdgps+nrWG4v/ea3URBdBxmSSGirJdFGUcmRiNA4AdZmixPChJZgoZm9FpI8VJsbGVLQheLMvzxP/pOKdVbz703L1Oo+jAPtwAEfgwTlU4Q5qUAcCCTzDK7w5qfPivDsf09YFJ5/Zgz9wPn8A+bGQWg==</latexit>

A = V DV �1

Powers of A 
<latexit sha1_base64="pR/2dflg7MCIaS2eA/sJyCoKc+w=">AAACJnicbVDLSsNAFJ34rPUVdelmsAhuLImIuinUx8JlBZsWmrRMptN26OTBzI1QQr/Gjb/ixkVFxJ2f4rTNQhsPDJx7zr3cucePBVdgWV/G0vLK6tp6YaO4ubW9s2vu7TsqSiRldRqJSDZ9opjgIasDB8GasWQk8AVr+MPbqd94YlLxKHyEUcy8gPRD3uOUgJY6ZuW6PcQV7Nw57fTUHmMXeMBUrnZpNwKVcztmySpbM+A8sTNSQhlqHXPidiOaBCwEKohSLduKwUuJBE4FGxfdRLGY0CHps5amIdHrvHR25hgfa6WLe5HULwQ8U39PpCRQahT4ujMgMFCL3lT8z2sl0LvyUh7GCbCQzhf1EoEhwtPMcJdLRkGMNCFUcv1XTAdEEgo62aIOwV48OU+cs7J9UbYfzkvVmyyOAjpER+gE2egSVdE9qqE6ougZvaIJejdejDfjw/icty4Z2cwB+gPj+wdyq6NZ</latexit>

Ak = V DV �1 ⇥ V DV �1 ⇥ · · ·⇥ V DV �1

<latexit sha1_base64="hAE1UbmkqoaoGNvQTSrl+s6xx7I=">AAACDnicbZDNSgMxFIUz/tb6N+rSTbAU3FhmRNSNUNSFywp2WmjHkslk2tBMMiQZoQx9Aje+ihsXirh17c63MW0Hqq0HAh/n3svNPUHCqNKO820tLC4tr6wW1orrG5tb2/bOrqdEKjGpY8GEbAZIEUY5qWuqGWkmkqA4YKQR9K9G9cYDkYoKfqcHCfFj1OU0ohhpY3Xs8gX0rr377MgdTqGNQ6EVnBodu+RUnLHgPLg5lECuWsf+aocCpzHhGjOkVMt1Eu1nSGqKGRkW26kiCcJ91CUtgxzFRPnZ+JwhLBsnhJGQ5nENx+7viQzFSg3iwHTGSPfUbG1k/ldrpTo69zPKk1QTjieLopRBLeAoGxhSSbBmAwMIS2r+CnEPSYS1SbBoQnBnT54H77jinlbc25NS9TKPowD2wQE4BC44A1VwA2qgDjB4BM/gFbxZT9aL9W59TFoXrHxmD/yR9fkD7f6ZhQ==</latexit>

= V DV �1V DV �1 · · ·V DV �1

<latexit sha1_base64="C6SGL3f93hpszB67tXwHG6Sf2EU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4sWxE1ItQ1IPHCnZbaLclm2bb0Gx2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLevqfjVFFWp7GIVTMgmgkuWd1wI1gzUYxEgWCNYHg78RtPTGkey0czSpgfkb7kIafEWKl9jby7ztDrZKd43C2V3Yo7BVokOCdlyFHrlr7avZimEZOGCqJ1C7uJ8TOiDKeCjYvtVLOE0CHps5alkkRM+9n05jE6tkoPhbGyJQ2aqr8nMhJpPYoC2xkRM9Dz3kT8z2ulJrzyMy6T1DBJZ4vCVCATo0kAqMcVo0aMLCFUcXsrogOiCDU2pqINAc+/vEi8swq+qOCH83L1Jo+jAIdwBCeA4RKqcA81qAOFBJ7hFd6c1Hlx3p2PWeuSk88cwB84nz+aV5DC</latexit>

= V DkV �1

<latexit sha1_base64="FP7iGuLzP4QAS3fyokSziGbbftw=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSQi6kaoj4XLCjYttGmZTCftkMmDmYlSYj/FjQtF3Pol7vwbJ20X2nrgwuGce7n3Hi/hTCrL+jYWFpeWV1YLa8X1jc2tbbO048g4FYTWScxj0fSwpJxFtK6Y4rSZCIpDj9OGF1znfuOBCsni6F4NE+qGuB8xnxGstNQ1S5edAF0g56YTOJ3syB4Vu2bZqlhjoHliT0kZpqh1za92LyZpSCNFOJayZVuJcjMsFCOcjortVNIEkwD3aUvTCIdUutn49BE60EoP+bHQFSk0Vn9PZDiUchh6ujPEaiBnvVz8z2ulyj93MxYlqaIRmSzyU45UjPIcUI8JShQfaoKJYPpWRAZYYKJ0WnkI9uzL88Q5rtinFfvupFy9msZRgD3Yh0Ow4QyqcAs1qAOBR3iGV3gznowX4934mLQuGNOZXfgD4/MHsxOSWQ==</latexit>

Ak = V DkV �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="dHdvt79pqrNiLd0SZ1WIkQD0WBk="></latexit>2

64
�k
1 · · · 0
...

...
0 · · · �k

n

3

75

<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

# <latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"
V �1

#

Polynomials of A
<latexit sha1_base64="T92kxB83q7qTwouzF9B2oZFyPkU="></latexit>

 (s) = ↵ks
k + ↵k�1s

k�1 + ↵k�2s
k�2 + · · ·+ ↵1s+ ↵01

<latexit sha1_base64="IxiwuYPd7XsELB50ep1IIk+fQ9U=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6sVjBPPAZAmzk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4e3EbzxxbUSkHnAUcz+kfSV6glG00mO7akTp+oRckU6h6JbdKcgi8TJShAzVTuGr3Y1YEnKFTFJjWp4bo59SjYJJPs63E8Njyoa0z1uWKhpy46fTi8fk2Cpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcn7pCs0ZyhHllCmhb2VsAHVlKENKW9D8OZfXiT107J3Xvbuz4qVmyyOHBzCEZTAgwuowB1UoQYMFDzDK7w5xnlx3p2PWeuSk80cwB84nz953497</latexit>

 (A) =
<latexit sha1_base64="/OOKGKbS6fx6Bxuxaxa02fjZu9Y="></latexit>

= V
⇣
↵kD

k + ↵k�1D
k�1 + ↵k�2D

k�2 + · · ·+ ↵1D + ↵0I
⌘
V �1

polynomial

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =

Spectral Mapping Theorem for f(s) analytic
<latexit sha1_base64="NAzthRgCIvAKRqBMgQRJBadDhXc=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GITdgVUcuojWUE84BsCLOTm2TI7Owyc1cMS7DxV2wsFLH1K+z8GyePQhMPDBzOOZc79wSxFAZd99tZWFxaXlnNrGXXNza3tnM7u1UTJZpDhUcy0vWAGZBCQQUFSqjHGlgYSKgF/euRX7sHbUSk7nAQQzNkXSU6gjO0Uiu370sbbjPqC0V9hAdMQXSHhcvjVi7vFt0x6DzxpiRPpii3cl9+O+JJCAq5ZMY0PDfGZso0Ci5hmPUTAzHjfdaFhqWKhWCa6fiEIT2ySpt2Im2fQjpWf0+kLDRmEAY2GTLsmVlvJP7nNRLsXDRToeIEQfHJok4iKUZ01AdtCw0c5cASxrWwf6W8xzTjaFvL2hK82ZPnSfWk6J0VvdvTfOlqWkeGHJBDUiAeOSclckPKpEI4eSTP5JW8OU/Oi/PufEyiC850Zo/8gfP5A0/Alrs=</latexit>

� 2 eig(A)
<latexit sha1_base64="oRCTBU8rDkn/sawCLTmNkRkJyMI=">AAACEHicbVC7TsMwFHV4lvIqMLJYVIh2qRKEgLHAwggSpZWaqHLcm2LhOJF9g6iifgILv8LCAEKsjGz8DU7pwOtIlo7OOVfX94SpFAZd98OZmp6ZnZsvLZQXl5ZXVitr65cmyTSHFk9kojshMyCFghYKlNBJNbA4lNAOr08Kv30D2ohEXeAwhSBmAyUiwRlaqVfZiWq+tPE+q1NfKOoj3GIOYjDyj8WgFtWO6gWp9ypVt+GOQf8Sb0KqZIKzXuXd7yc8i0Ehl8yYruemGORMo+ASRmU/M5Ayfs0G0LVUsRhMkI8PGtFtq/RplGj7FNKx+n0iZ7Exwzi0yZjhlfntFeJ/XjfD6DDIhUozBMW/FkWZpJjQoh3aFxo4yqEljGth/0r5FdOMo+2wbEvwfp/8l1zuNrz9hne+V20eT+ookU2yRWrEIwekSU7JGWkRTu7IA3kiz8698+i8OK9f0SlnMrNBfsB5+wRu1ZuR</latexit>

f(�) 2 eig
⇣
f(A)

⌘

<latexit sha1_base64="KcbN2WdOGdcEuXcZ4QFVchiNCcA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfXY6sVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFgxnH1I/wQLCQEWys1KydheXaaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpnle8y4p3f1Gq3mRx5OEIjqEMHlxBFe6gDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MHC9KOIQ==</latexit>

A, f(A) have the same eigenvectors

Specific Useful Case:  Matrix Exponential
<latexit sha1_base64="XPcMAzmbUhRUQRvkiiYg/apYAb0="></latexit>

eAt = I +At+ 1
2!A

2t2 + 1
3!A

3t3 + · · · =
X

k

1
k!A

ktk
<latexit sha1_base64="prA/radXfjxkp9XpmkOat7dDZ6s=">AAACEXicbVDLSsNAFJ34rPVVdelmtAhdlURE3RSqblxWsA9o2jKZTtohk0mYuRFKyC+48VfcuFDErTt3/o3Tx0JbD1w4nHMv997jxYJrsO1va2l5ZXVtPbeR39za3tkt7O03dJQoyuo0EpFqeUQzwSWrAwfBWrFiJPQEa3rBzdhvPjCleSTvYRSzTkgGkvucEjBSr1DCFezqJOylQcXOui6XPoywC74iNHWyNDjKrroBdINeoWiX7QnwInFmpIhmqPUKX24/oknIJFBBtG47dgydlCjgVLAs7yaaxYQGZMDahkoSMt1JJx9l+MQofexHypQEPFF/T6Qk1HoUeqYzJDDU895Y/M9rJ+BfdlIu4wSYpNNFfiIwRHgcD+5zxSiIkSGEKm5uxXRITBhgQsybEJz5lxdJ47TsnJedu7Ni9XoWRw4domNUQg66QFV0i2qojih6RM/oFb1ZT9aL9W59TFuXrNnMAfoD6/MHxLGdAg==</latexit>

=
1X

k=0

1
k!A

ktk

Derivative: 
<latexit sha1_base64="TLNsALYfuIgADt1InO5UkawSzc0=">AAACEXicbZC7SgNBFIZn4y3GWzR2NoNBiE3YtTA2QhIbywjmAkkMs7OzyZDZCzNnhbDsK1ioj2JjoYitnZ1v4GM4uRSa+MPAN/85h5nz26HgCkzzy0gtLa+srqXXMxubW9s72d29hgoiSVmdBiKQLZsoJrjP6sBBsFYoGfFswZr28GJcb94yqXjgX8MoZF2P9H3uckpAW71soQOuJDR2ktiBBHeqvF9gN3EFkjEe43NcmV572bxZNCfCi2DNIF8uPd6Pct/7tV72s+MENPKYD1QQpdqWGUI3JhI4FSzJdCLFQkKHpM/aGn3iMdWNJxsl+Eg7DnYDqY8PeOL+noiJp9TIs3WnR2Cg5mtj879aOwL3rBtzP4yA+XT6kBsJDAEex4MdLhkFMdJAqOT6r5gOiE4IdIgZHYI1v/IiNE6K1mnRurLy5SqaKo0O0CEqIAuVUBldohqqI4ru0BN6Qa/Gg/FsvBnv09aUMZvJoT8yPn4AtJyf5g==</latexit>

d
dt

⇣
eAt

⌘
= AeAt

- can see from polynomial definition

- related to definition of e



Spectral Mapping Theorem
Square matrix:   

<latexit sha1_base64="C6PdicZsOShAYHa9QPMdArBA3Yw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE1GXVjcsq9gFNLJPptB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPhVe43H6hULBJ3ehRTP8R9wXqMYG2kjr1/gTwmkBdiPQiC9Da7T81Ps5AqJLKOXXYqzhhonrhTUoYpah37y+tGJAmp0IRjpdquE2s/xVIzwmlW8hJFY0yGuE/bhgps5vjp+IwMHRqli3qRNE9oNFZ/d6Q4VGoUBqYyX1fNern4n9dOdO/cT5mIE00FmQzqJRzpCOWZoC6TlGg+MgQTycyuiAywxESb5EomBHf25HnSOK64pxX35qRcvZzGUYQ9OIAjcOEMqnANNagDgUd4hld4s56sF+vd+piUFqxpzy78gfX5A4dcmIs=</latexit>

A 2 Rn⇥n assume 
<latexit sha1_base64="txh2OzY/BSzCDq8XIef4R2f+YwI=">AAACDHicbVC7SgNBFJ31GeMramkzGISkMOyKqI2QaKNdBPOAJITZyU0yZPbBzF0xLPkAG3/FxkIRWz/Azr9xNkmhiQcGDuecy5173FAKjbb9bS0sLi2vrKbW0usbm1vbmZ3dqg4ixaHCAxmouss0SOFDBQVKqIcKmOdKqLmDq8Sv3YPSIvDvcBhCy2M9X3QFZ2ikdibbRHjAmPeZGrVLOZ2nF3QidQBHOX1zVMqblF2wx6DzxJmSLJmi3M58NTsBjzzwkUumdcOxQ2zFTKHgEkbpZqQhZHzAetAw1Gce6FY8PmZED43Sod1AmecjHau/J2LmaT30XJP0GPb1rJeI/3mNCLvnrVj4YYTg88mibiQpBjRphnaEAo5yaAjjSpi/0qQWxtH0lzYlOLMnz5PqccE5LTi3J9ni5bSOFNknByRHHHJGiuSalEmFcPJInskrebOerBfr3fqYRBes6cwe+QPr8wdG5Jp4</latexit>

charA(s) = det(sI �A)  has  n distinct roots

Diagonalization
<latexit sha1_base64="jK1p+NYwuQK2IydZUDXx9dFRGhs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBehfhw8VrDbQruWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0sLC4tr6wW1orrG5tb26WdXV/HqSK0TmIeq2aINeVM0rphhtNmoigWIaeNcHAz9htPVGkWywczTGggcE+yiBFsrNS+QpfIv/Ufs2Nv1CmV3Yo7AZonXk7KkKPWKX21uzFJBZWGcKx1y3MTE2RYGUY4HRXbqaYJJgPcoy1LJRZUB9nk5hE6tEoXRbGyJQ2aqL8nMiy0HorQdgps+nrWG4v/ea3URBdBxmSSGirJdFGUcmRiNA4AdZmixPChJZgoZm9FpI8VJsbGVLQheLMvzxP/pOKdVbz703L1Oo+jAPtwAEfgwTlU4Q5qUAcCCTzDK7w5qfPivDsf09YFJ5/Zgz9wPn8A+bGQWg==</latexit>

A = V DV �1

Powers of A 
<latexit sha1_base64="pR/2dflg7MCIaS2eA/sJyCoKc+w=">AAACJnicbVDLSsNAFJ34rPUVdelmsAhuLImIuinUx8JlBZsWmrRMptN26OTBzI1QQr/Gjb/ixkVFxJ2f4rTNQhsPDJx7zr3cucePBVdgWV/G0vLK6tp6YaO4ubW9s2vu7TsqSiRldRqJSDZ9opjgIasDB8GasWQk8AVr+MPbqd94YlLxKHyEUcy8gPRD3uOUgJY6ZuW6PcQV7Nw57fTUHmMXeMBUrnZpNwKVcztmySpbM+A8sTNSQhlqHXPidiOaBCwEKohSLduKwUuJBE4FGxfdRLGY0CHps5amIdHrvHR25hgfa6WLe5HULwQ8U39PpCRQahT4ujMgMFCL3lT8z2sl0LvyUh7GCbCQzhf1EoEhwtPMcJdLRkGMNCFUcv1XTAdEEgo62aIOwV48OU+cs7J9UbYfzkvVmyyOAjpER+gE2egSVdE9qqE6ougZvaIJejdejDfjw/icty4Z2cwB+gPj+wdyq6NZ</latexit>

Ak = V DV �1 ⇥ V DV �1 ⇥ · · ·⇥ V DV �1

<latexit sha1_base64="hAE1UbmkqoaoGNvQTSrl+s6xx7I=">AAACDnicbZDNSgMxFIUz/tb6N+rSTbAU3FhmRNSNUNSFywp2WmjHkslk2tBMMiQZoQx9Aje+ihsXirh17c63MW0Hqq0HAh/n3svNPUHCqNKO820tLC4tr6wW1orrG5tb2/bOrqdEKjGpY8GEbAZIEUY5qWuqGWkmkqA4YKQR9K9G9cYDkYoKfqcHCfFj1OU0ohhpY3Xs8gX0rr377MgdTqGNQ6EVnBodu+RUnLHgPLg5lECuWsf+aocCpzHhGjOkVMt1Eu1nSGqKGRkW26kiCcJ91CUtgxzFRPnZ+JwhLBsnhJGQ5nENx+7viQzFSg3iwHTGSPfUbG1k/ldrpTo69zPKk1QTjieLopRBLeAoGxhSSbBmAwMIS2r+CnEPSYS1SbBoQnBnT54H77jinlbc25NS9TKPowD2wQE4BC44A1VwA2qgDjB4BM/gFbxZT9aL9W59TFoXrHxmD/yR9fkD7f6ZhQ==</latexit>

= V DV �1V DV �1 · · ·V DV �1

<latexit sha1_base64="C6SGL3f93hpszB67tXwHG6Sf2EU=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4sWxE1ItQ1IPHCnZbaLclm2bb0Gx2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLevqfjVFFWp7GIVTMgmgkuWd1wI1gzUYxEgWCNYHg78RtPTGkey0czSpgfkb7kIafEWKl9jby7ztDrZKd43C2V3Yo7BVokOCdlyFHrlr7avZimEZOGCqJ1C7uJ8TOiDKeCjYvtVLOE0CHps5alkkRM+9n05jE6tkoPhbGyJQ2aqr8nMhJpPYoC2xkRM9Dz3kT8z2ulJrzyMy6T1DBJZ4vCVCATo0kAqMcVo0aMLCFUcXsrogOiCDU2pqINAc+/vEi8swq+qOCH83L1Jo+jAIdwBCeA4RKqcA81qAOFBJ7hFd6c1Hlx3p2PWeuSk88cwB84nz+aV5DC</latexit>

= V DkV �1

<latexit sha1_base64="FP7iGuLzP4QAS3fyokSziGbbftw=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSQi6kaoj4XLCjYttGmZTCftkMmDmYlSYj/FjQtF3Pol7vwbJ20X2nrgwuGce7n3Hi/hTCrL+jYWFpeWV1YLa8X1jc2tbbO048g4FYTWScxj0fSwpJxFtK6Y4rSZCIpDj9OGF1znfuOBCsni6F4NE+qGuB8xnxGstNQ1S5edAF0g56YTOJ3syB4Vu2bZqlhjoHliT0kZpqh1za92LyZpSCNFOJayZVuJcjMsFCOcjortVNIEkwD3aUvTCIdUutn49BE60EoP+bHQFSk0Vn9PZDiUchh6ujPEaiBnvVz8z2ulyj93MxYlqaIRmSzyU45UjPIcUI8JShQfaoKJYPpWRAZYYKJ0WnkI9uzL88Q5rtinFfvupFy9msZRgD3Yh0Ow4QyqcAs1qAOBR3iGV3gznowX4934mLQuGNOZXfgD4/MHsxOSWQ==</latexit>

Ak = V DkV �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="dHdvt79pqrNiLd0SZ1WIkQD0WBk="></latexit>2

64
�k
1 · · · 0
...

...
0 · · · �k

n

3

75

<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

# <latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"
V �1

#

Polynomials of A
<latexit sha1_base64="T92kxB83q7qTwouzF9B2oZFyPkU="></latexit>

 (s) = ↵ks
k + ↵k�1s

k�1 + ↵k�2s
k�2 + · · ·+ ↵1s+ ↵01

<latexit sha1_base64="IxiwuYPd7XsELB50ep1IIk+fQ9U=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6sVjBPPAZAmzk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4e3EbzxxbUSkHnAUcz+kfSV6glG00mO7akTp+oRckU6h6JbdKcgi8TJShAzVTuGr3Y1YEnKFTFJjWp4bo59SjYJJPs63E8Njyoa0z1uWKhpy46fTi8fk2Cpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcn7pCs0ZyhHllCmhb2VsAHVlKENKW9D8OZfXiT107J3Xvbuz4qVmyyOHBzCEZTAgwuowB1UoQYMFDzDK7w5xnlx3p2PWeuSk80cwB84nz953497</latexit>

 (A) =
<latexit sha1_base64="/OOKGKbS6fx6Bxuxaxa02fjZu9Y="></latexit>

= V
⇣
↵kD

k + ↵k�1D
k�1 + ↵k�2D

k�2 + · · ·+ ↵1D + ↵0I
⌘
V �1

polynomial

Eigenvalues:
<latexit sha1_base64="SlQqIkhL0G8Z0akuIoYxO7c273A=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYQUYroh6HXjxOcB+wlpKm6RaWJiVJhVH2F7z4V7x4UMSrN2/+G7OuB918IeTh+SB5nzBlVGnH+bYqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKOcdDTVjPRTSVASMtILxzczvfdApKKC3+tJSvwEDTmNKUbaUIHd8EI69HKPmUiEAvcUejgSWpm7pHjhmAZ23Wk6xcBl4JagDsppB/aXFwmcJYRrzJBSA9dJtZ8jqSlmZFrzMkVShMdoSAYGcpQQ5efFRlN4YpgIxkKawzUs2N+JHCVKTZLQOBOkR2pRm5H/aYNMx1d+TnmaacLx/KE4Y1ALOKsHRlQSrNnEAIQlNX+FeIQkwtqUWDMluIsrL4PuWdO9aLp35/XWdVlHFRyBY9AALrgELXAL2qADMHgEz+AVvFlP1ov1bn3MrRWrzByCP2N9/gC4Upz1</latexit>�
�1, · · · ,�n

 
<latexit sha1_base64="7cBddfGDOt3LsofeFy27fjeGClY=">AAACHHicbVDLSsNAFL3xWeur6tLNYBFclaSKuiy6cVnBPqAJZTKZtEMnkzgzEUroh7jxV9y4UMSNC8G/cdpGsK0XBs495x7u3OMnnClt29/W0vLK6tp6YaO4ubW9s1va22+qOJWENkjMY9n2saKcCdrQTHPaTiTFkc9pyx9cj/XWA5WKxeJODxPqRbgnWMgI1obqlk5dboYD3HWQK+g9+m2reUuCWKtZybjKdsWeFFoETg7KkFe9W/p0g5ikERWacKxUx7ET7WVYakY4HRXdVNEEkwHu0Y6BAkdUednkuBE6NkyAwliaJzSasH8dGY6UGka+mYyw7qt5bUz+p3VSHV56GRNJqqkg00VhypGO0TgpFDBJieZDAzCRzPwVkT6WmGiTZ9GE4MyfvAia1YpzXnFuz8q1qzyOAhzCEZyAAxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3R0yco9BzBT1tcPVxeg7Q==</latexit>

�1 6= �2 6= · · · 6= �n with
<latexit sha1_base64="UeLiM1/hfEXi9MSVwkIrBTjUTvQ=">AAAB9XicbVBNS8NAEN34WetX1aOXYBHqpSQi6kWoevFYwX5AG8tmO2mXbjZhd6KW0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+bHgGh3n21pYXFpeWc2t5dc3Nre2Czu7dR0likGNRSJSTZ9qEFxCDTkKaMYKaOgLaPiD67HfeACleSTvcBiDF9Ke5AFnFI1030Z4whR4b1S6PLroFIpO2ZnAniduRookQ7VT+Gp3I5aEIJEJqnXLdWL0UqqQMwGjfDvREFM2oD1oGSppCNpLJ1eP7EOjdO0gUqYk2hP190RKQ62HoW86Q4p9PeuNxf+8VoLBuZdyGScIkk0XBYmwMbLHEdhdroChGBpCmeLmVpv1qaIMTVB5E4I7+/I8qR+X3dOye3tSrFxlceTIPjkgJeKSM1IhN6RKaoQRRZ7JK3mzHq0X6936mLYuWNnMHvkD6/MH+F6SKQ==</latexit>

eig(A) =

Spectral Mapping Theorem for f(s) analytic
<latexit sha1_base64="NAzthRgCIvAKRqBMgQRJBadDhXc=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GITdgVUcuojWUE84BsCLOTm2TI7Owyc1cMS7DxV2wsFLH1K+z8GyePQhMPDBzOOZc79wSxFAZd99tZWFxaXlnNrGXXNza3tnM7u1UTJZpDhUcy0vWAGZBCQQUFSqjHGlgYSKgF/euRX7sHbUSk7nAQQzNkXSU6gjO0Uiu370sbbjPqC0V9hAdMQXSHhcvjVi7vFt0x6DzxpiRPpii3cl9+O+JJCAq5ZMY0PDfGZso0Ci5hmPUTAzHjfdaFhqWKhWCa6fiEIT2ySpt2Im2fQjpWf0+kLDRmEAY2GTLsmVlvJP7nNRLsXDRToeIEQfHJok4iKUZ01AdtCw0c5cASxrWwf6W8xzTjaFvL2hK82ZPnSfWk6J0VvdvTfOlqWkeGHJBDUiAeOSclckPKpEI4eSTP5JW8OU/Oi/PufEyiC850Zo/8gfP5A0/Alrs=</latexit>

� 2 eig(A)
<latexit sha1_base64="oRCTBU8rDkn/sawCLTmNkRkJyMI=">AAACEHicbVC7TsMwFHV4lvIqMLJYVIh2qRKEgLHAwggSpZWaqHLcm2LhOJF9g6iifgILv8LCAEKsjGz8DU7pwOtIlo7OOVfX94SpFAZd98OZmp6ZnZsvLZQXl5ZXVitr65cmyTSHFk9kojshMyCFghYKlNBJNbA4lNAOr08Kv30D2ohEXeAwhSBmAyUiwRlaqVfZiWq+tPE+q1NfKOoj3GIOYjDyj8WgFtWO6gWp9ypVt+GOQf8Sb0KqZIKzXuXd7yc8i0Ehl8yYruemGORMo+ASRmU/M5Ayfs0G0LVUsRhMkI8PGtFtq/RplGj7FNKx+n0iZ7Exwzi0yZjhlfntFeJ/XjfD6DDIhUozBMW/FkWZpJjQoh3aFxo4yqEljGth/0r5FdOMo+2wbEvwfp/8l1zuNrz9hne+V20eT+ookU2yRWrEIwekSU7JGWkRTu7IA3kiz8698+i8OK9f0SlnMrNBfsB5+wRu1ZuR</latexit>

f(�) 2 eig
⇣
f(A)

⌘

<latexit sha1_base64="KcbN2WdOGdcEuXcZ4QFVchiNCcA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfXY6sVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFgxnH1I/wQLCQEWys1KydheXaaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDaT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpnle8y4p3f1Gq3mRx5OEIjqEMHlxBFe6gDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MHC9KOIQ==</latexit>

A, f(A) have the same eigenvectors

Specific Useful Case:  Matrix Exponential
<latexit sha1_base64="XPcMAzmbUhRUQRvkiiYg/apYAb0="></latexit>

eAt = I +At+ 1
2!A

2t2 + 1
3!A

3t3 + · · · =
X

k

1
k!A

ktk
<latexit sha1_base64="prA/radXfjxkp9XpmkOat7dDZ6s=">AAACEXicbVDLSsNAFJ34rPVVdelmtAhdlURE3RSqblxWsA9o2jKZTtohk0mYuRFKyC+48VfcuFDErTt3/o3Tx0JbD1w4nHMv997jxYJrsO1va2l5ZXVtPbeR39za3tkt7O03dJQoyuo0EpFqeUQzwSWrAwfBWrFiJPQEa3rBzdhvPjCleSTvYRSzTkgGkvucEjBSr1DCFezqJOylQcXOui6XPoywC74iNHWyNDjKrroBdINeoWiX7QnwInFmpIhmqPUKX24/oknIJFBBtG47dgydlCjgVLAs7yaaxYQGZMDahkoSMt1JJx9l+MQofexHypQEPFF/T6Qk1HoUeqYzJDDU895Y/M9rJ+BfdlIu4wSYpNNFfiIwRHgcD+5zxSiIkSGEKm5uxXRITBhgQsybEJz5lxdJ47TsnJedu7Ni9XoWRw4domNUQg66QFV0i2qojih6RM/oFb1ZT9aL9W59TFuXrNnMAfoD6/MHxLGdAg==</latexit>

=
1X

k=0

1
k!A

ktk

<latexit sha1_base64="ZLdOIvdT6/XC4HFJl7Lc+dU6BO0=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4MaSiKgboV4WLivYtNCmZTKdtEMnF2ZOhBKz8FXcuFDEra/hzrdx2mahrT8MfPznHM6Z34sFV2BZ38bc/MLi0nJhpbi6tr6xaW5tOypKJGU1GolINjyimOAhqwEHwRqxZCTwBKt7g+tRvf7ApOJReA/DmLkB6YXc55SAtjrmLmunl5DhC+xouoHMaadHdtYxS1bZGgvPgp1DCeWqdsyvVjeiScBCoIIo1bStGNyUSOBUsKzYShSLCR2QHmtqDEnAlJuO78/wgXa62I+kfiHgsft7IiWBUsPA050Bgb6aro3M/2rNBPxzN+VhnAAL6WSRnwgMER6FgbtcMgpiqIFQyfWtmPaJJBR0ZEUdgj395Vlwjsv2adm+OylVrvI4CmgP7aNDZKMzVEG3qIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGd20B8Znz/EgJVN</latexit>

eAt = V eDtV �1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="ZQpamLvt1DTKUSVz6ZES0RqI4Os=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVUJQsBYlYWxSPQhJVHluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+Ycqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nfndRyoVS8SDnqQ0iPFQsIgRrI3Ut4/9JhsOPeSb0ylqIQR9u+bUnQJombglqUGJVt/+8gcJyWIqNOFYKc91Uh3kWGpGOJ1W/UzRFJMxHlLPUIFjqoK8WGCKzowyQFEizRUaFerviRzHSk3i0HTGWI/UojcT//O8TEc3Qc5EmmkqyPyhKONIJ2iWBhowSYnmE0Mwkcz8FZERlphok1nVhOAurrxMOhd196ru3l/WGs0yjgqcwCmcgwvX0IA7aEEbCEzhGV7hzXqyXqx362PeumKVM0fwB9bnD5xQlH8=</latexit>"
V

#
<latexit sha1_base64="lQ1n2UnhIXcXCusmdSUrSOWy4L0=">AAACBXicbZC7TsMwFIZPyq2UW4ARBosKiYUqQQgYq7IwFolepCRUjuukVp2LbAepirqw8CosDCDEyjuw8Ta4aQdoOZalT/9/juzz+ylnUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tkwyQWiLJDwRXR9LyllMW4opTrupoDjyOe34w+uJ33mgQrIkvlOjlHoRDmMWMIKVlnrmodtgYeggV5/2fX5qjwssVK9nVq2aVRRaBHsGVZhVs2d+uf2EZBGNFeFYSse2UuXlWChGOB1X3EzSFJMhDqmjMcYRlV5ebDFGx1rpoyAR+sYKFerviRxHUo4iX3dGWA3kvDcR//OcTAVXXs7iNFM0JtOHgowjlaBJJKjPBCWKjzRgIpj+KyIDLDBROriKDsGeX3kR2mc1+6Jm355X641ZHGU4gCM4ARsuoQ430IQWEHiEZ3iFN+PJeDHejY9pa8mYzezDnzI+fwAToZZl</latexit>"
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