
Winter 2022 - Dan Calderone

Quadratic Forms, Definite Matrices, 
Congruence Transformations

Linear Algebra: 
 Major Contributions:  John Simpson-Porco



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Note: not a useful definition for general matrices

… condition only says something about the symmetric part of Q

Symmetric/Skew-symmetric Decomposition
<latexit sha1_base64="bSI3Vxh24RZoQ/xAOjyPv2RbGkA="></latexit>

Q = 1
2

⇣
Q+QT

⌘

| {z }
symmetric

+ 1
2

⇣
Q�QT

⌘

| {z }
skew-sym

<latexit sha1_base64="eDgSBngkM41zB7HVGOH9PGVPAt0="></latexit>

xTQx = 1
2x

T
⇣
Q+QT

⌘
x+ 1

2x
T
⇣
Q�QT

⌘
x

…only the 
symmetric 
part matters  

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

<latexit sha1_base64="Fm7WMkynPrl1ITnL3ewjItYVu3g="></latexit>

xTQx = 1
2x

T
⇣
Q+QT

⌘
x+ 1

2x
TQx� 1

2x
TQTx

| {z }
...transpose

<latexit sha1_base64="wtDT88aCt3CCOli6QubEvqG5tnk="></latexit>

xTQx = 1
2x

T
⇣
Q+QT

⌘
x+ 1

2x
TQx� 1

2x
TQx

| {z }
=0

<latexit sha1_base64="wtDT88aCt3CCOli6QubEvqG5tnk="></latexit>

xTQx = 1
2x

T
⇣
Q+QT

⌘
x+ 1

2x
TQx� 1

2x
TQx

| {z }
=0



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:
<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="gvFJUpmzxr9TcKYJ5F1ioRhnB64=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9KK3FkxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXpgKro3rfjmFldW19Y3iZmlre2d3r7x/0NRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rUdUmifywYxTDGI6kDzijBor+Q1yTe575Ypbdecgf4mXkwrkqPfKn91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zOpmJroIJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy//Jc2zqndR9RrnldpNHkcRjuAYTsGDS6jBHdTBBwYcnuAFXh3pPDtvzvuiteDkM4fwC87HN28ljck=</latexit>

Q = I
<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q diagonal 
<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q general 

level sets surface level sets surface level sets surface 



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:

<latexit sha1_base64="gvFJUpmzxr9TcKYJ5F1ioRhnB64=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9KK3FkxbaEPZbCft0s0m7G6EUvobvHhQxKs/yJv/xm2bg1YfDDzem2FmXpgKro3rfjmFldW19Y3iZmlre2d3r7x/0NRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rUdUmifywYxTDGI6kDzijBor+Q1yTe575Ypbdecgf4mXkwrkqPfKn91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JSdW6ZMoUbakIXP158SExlqP49B2xtQM9bI3E//zOpmJroIJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy//Jc2zqndR9RrnldpNHkcRjuAYTsGDS6jBHdTBBwYcnuAFXh3pPDtvzvuiteDkM4fwC87HN28ljck=</latexit>

Q = I
<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q diagonal 
<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q general 

level sets surface level sets surface level sets surface 

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:

diagonal general 

level sets surface level sets surface level sets surface 

<latexit sha1_base64="AklSdSwhH4tfkc6C5+1Ftk5IJEM=">AAACGXicbVDLSsNAFJ34rPUVdelmsCiuSiKiboSiG5ct2Ac0oUymt+3QySTMTMQS+htu/BU3LhRxqSv/xmkaRFsPzHA4517uvSeIOVPacb6shcWl5ZXVwlpxfWNza9ve2W2oKJEU6jTikWwFRAFnAuqaaQ6tWAIJAw7NYHg98Zt3IBWLxK0exeCHpC9Yj1GijdSxnRq+xF4AfSbSICRasvsxdvERdrDnmS8jILo/ZscuOWUnA54nbk5KKEe1Y3943YgmIQhNOVGq7Tqx9lMiNaMcxkUvURATOiR9aBsqSAjKT7PLxvjQKF3ci6R5QuNM/d2RklCpURiYSrPfQM16E/E/r53o3oWfMhEnGgSdDuolHOsIT2LCXSaBaj4yhFDJzK6YDogkVJswiyYEd/bkedI4KbtnZbd2Wqpc5XEU0D46QMfIReeogm5QFdURRQ/oCb2gV+vRerberPdp6YKV9+yhP7A+vwEyaJ32</latexit>

Q =


1 0
0 0

�

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0
<latexit sha1_base64="eTrAfBqqMsfIQX7npmElFJLDQJ0=">AAACIXicbVDLSgMxFM3UV62vqks3waK4KjMi2o1QdOOyBfuAzlAymds2NJMZkoxYhv6KG3/FjQtFuhN/xrQdRFsPJBzOuTe59/gxZ0rb9qeVW1ldW9/Ibxa2tnd294r7B00VJZJCg0Y8km2fKOBMQEMzzaEdSyChz6HlD2+nfusBpGKRuNejGLyQ9AXrMUq0kbrFSh1fY9eHPhOpHxIt2eMYu9w8EJCug0+xjV3XXDMCIvgp6hZLdtmeAS8TJyMllKHWLU7cIKJJCEJTTpTqOHasvZRIzSiHccFNFMSEDkkfOoYKEoLy0tmGY3xilAD3ImmO0Him/u5ISajUKPRNpZlvoBa9qfif10l0r+KlTMSJBkHnH/USjnWEp3HhgEmgmo8MIVQyMyumAyIJ1SbUggnBWVx5mTTPy85l2alflKo3WRx5dISO0Rly0BWqojtUQw1E0RN6QW/o3Xq2Xq0PazIvzVlZzyH6A+vrG7BmoWI=</latexit>

Q =


�1 0
0 0

�
<latexit sha1_base64="4IMmGIELnQVIyf6VzpIsO5/cASA=">AAACJXicbVDLSgMxFM3UV62vqks3waK4KjMi6kKh6MZlC31Bp5ZM5rYNzWSGJCOWoT/jxl9x48Iigit/xXRaRFsPJBzOuTe593gRZ0rb9qeVWVpeWV3Lruc2Nre2d/K7e3UVxpJCjYY8lE2PKOBMQE0zzaEZSSCBx6HhDW4nfuMBpGKhqOphBO2A9ATrMkq0kTr5qwq+xnXXgx4TiRcQLdnjCLvcvOCTjoOPsY1d11wpAeH/FNXvq518wS7aKfAicWakgGYod/Jj1w9pHIDQlBOlWo4d6XZCpGaUwyjnxgoiQgekBy1DBQlAtZN0yxE+MoqPu6E0R2icqr87EhIoNQw8U2lG7Kt5byL+57Vi3b1sJ0xEsQZBpx91Y451iCeRYZ9JoJoPDSFUMjMrpn0iCdUm2JwJwZlfeZHUT4vOedGpnBVKN7M4sugAHaIT5KALVEJ3qIxqiKIn9ILe0Nh6tl6td+tjWpqxZj376A+sr2+ksKLo</latexit>

Q = V


�1 0
0 0

�
V T

<latexit sha1_base64="exIEU/TVyiNgvIWL9CDgSK1UmAI=">AAAB/HicbVDNS8MwHE3n15xf1R29BIfgaTQi6kUYevE4YV+w1ZKm6RaWpiVJB6XMf8WLB0W8+od4878x23rQzUcCj/fej/zy/IQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR8WpJLRNYh7Lno8V5UzQtmaa014iKY58Trv++G7mdydUKhaLls4S6kZ4KFjICNZG8uzqzYCbdIA9BCceMuex5dk1p+7MAVcJKkgNFGh69tcgiEkaUaEJx0r1kZNoN8dSM8LptDJIFU0wGeMh7RsqcESVm8+Xn8JTowQwjKW5QsO5+nsix5FSWeSbZIT1SC17M/E/r5/q8NrNmUhSTQVZPBSmHOoYzpqAAZOUaJ4ZgolkZldIRlhiok1fFVMCWv7yKumc19FlHT1c1Bq3RR1lcAxOwBlA4Ao0wD1ogjYgIAPP4BW8WU/Wi/VufSyiJauYqYI/sD5/ADVMk9c=</latexit>

= �1v1v
T
1



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:

diagonal general 

level sets surface level sets surface level sets surface 

<latexit sha1_base64="AklSdSwhH4tfkc6C5+1Ftk5IJEM=">AAACGXicbVDLSsNAFJ34rPUVdelmsCiuSiKiboSiG5ct2Ac0oUymt+3QySTMTMQS+htu/BU3LhRxqSv/xmkaRFsPzHA4517uvSeIOVPacb6shcWl5ZXVwlpxfWNza9ve2W2oKJEU6jTikWwFRAFnAuqaaQ6tWAIJAw7NYHg98Zt3IBWLxK0exeCHpC9Yj1GijdSxnRq+xF4AfSbSICRasvsxdvERdrDnmS8jILo/ZscuOWUnA54nbk5KKEe1Y3943YgmIQhNOVGq7Tqx9lMiNaMcxkUvURATOiR9aBsqSAjKT7PLxvjQKF3ci6R5QuNM/d2RklCpURiYSrPfQM16E/E/r53o3oWfMhEnGgSdDuolHOsIT2LCXSaBaj4yhFDJzK6YDogkVJswiyYEd/bkedI4KbtnZbd2Wqpc5XEU0D46QMfIReeogm5QFdURRQ/oCb2gV+vRerberPdp6YKV9+yhP7A+vwEyaJ32</latexit>

Q =


1 0
0 0

� <latexit sha1_base64="eTrAfBqqMsfIQX7npmElFJLDQJ0=">AAACIXicbVDLSgMxFM3UV62vqks3waK4KjMi2o1QdOOyBfuAzlAymds2NJMZkoxYhv6KG3/FjQtFuhN/xrQdRFsPJBzOuTe59/gxZ0rb9qeVW1ldW9/Ibxa2tnd294r7B00VJZJCg0Y8km2fKOBMQEMzzaEdSyChz6HlD2+nfusBpGKRuNejGLyQ9AXrMUq0kbrFSh1fY9eHPhOpHxIt2eMYu9w8EJCug0+xjV3XXDMCIvgp6hZLdtmeAS8TJyMllKHWLU7cIKJJCEJTTpTqOHasvZRIzSiHccFNFMSEDkkfOoYKEoLy0tmGY3xilAD3ImmO0Him/u5ISajUKPRNpZlvoBa9qfif10l0r+KlTMSJBkHnH/USjnWEp3HhgEmgmo8MIVQyMyumAyIJ1SbUggnBWVx5mTTPy85l2alflKo3WRx5dISO0Rly0BWqojtUQw1E0RN6QW/o3Xq2Xq0PazIvzVlZzyH6A+vrG7BmoWI=</latexit>

Q =


�1 0
0 0

�
<latexit sha1_base64="4IMmGIELnQVIyf6VzpIsO5/cASA=">AAACJXicbVDLSgMxFM3UV62vqks3waK4KjMi6kKh6MZlC31Bp5ZM5rYNzWSGJCOWoT/jxl9x48Iigit/xXRaRFsPJBzOuTe593gRZ0rb9qeVWVpeWV3Lruc2Nre2d/K7e3UVxpJCjYY8lE2PKOBMQE0zzaEZSSCBx6HhDW4nfuMBpGKhqOphBO2A9ATrMkq0kTr5qwq+xnXXgx4TiRcQLdnjCLvcvOCTjoOPsY1d11wpAeH/FNXvq518wS7aKfAicWakgGYod/Jj1w9pHIDQlBOlWo4d6XZCpGaUwyjnxgoiQgekBy1DBQlAtZN0yxE+MoqPu6E0R2icqr87EhIoNQw8U2lG7Kt5byL+57Vi3b1sJ0xEsQZBpx91Y451iCeRYZ9JoJoPDSFUMjMrpn0iCdUm2JwJwZlfeZHUT4vOedGpnBVKN7M4sugAHaIT5KALVEJ3qIxqiKIn9ILe0Nh6tl6td+tjWpqxZj376A+sr2+ksKLo</latexit>

Q = V


�1 0
0 0

�
V T

<latexit sha1_base64="exIEU/TVyiNgvIWL9CDgSK1UmAI=">AAAB/HicbVDNS8MwHE3n15xf1R29BIfgaTQi6kUYevE4YV+w1ZKm6RaWpiVJB6XMf8WLB0W8+od4878x23rQzUcCj/fej/zy/IQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR8WpJLRNYh7Lno8V5UzQtmaa014iKY58Trv++G7mdydUKhaLls4S6kZ4KFjICNZG8uzqzYCbdIA9BCceMuex5dk1p+7MAVcJKkgNFGh69tcgiEkaUaEJx0r1kZNoN8dSM8LptDJIFU0wGeMh7RsqcESVm8+Xn8JTowQwjKW5QsO5+nsix5FSWeSbZIT1SC17M/E/r5/q8NrNmUhSTQVZPBSmHOoYzpqAAZOUaJ4ZgolkZldIRlhiok1fFVMCWv7yKumc19FlHT1c1Bq3RR1lcAxOwBlA4Ao0wD1ogjYgIAPP4BW8WU/Wi/VufSyiJauYqYI/sD5/ADVMk9c=</latexit>

= �1v1v
T
1

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:

diagonal general 

level sets surface level sets surface level sets surface 

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0
<latexit sha1_base64="nJbuXnDQnMdEeYWfaijYnng9ssg=">AAACHHicbVBNSwMxEM3Wr1q/qh69DBbFi2VXRb0IRS8eW7AqdJeSzU5raDa7JFmxLP0hXvwrXjwo4sWD4L8xrUX8epDweG+GmXlhKrg2rvvuFCYmp6ZnirOlufmFxaXy8sq5TjLFsMkSkajLkGoUXGLTcCPwMlVI41DgRdg7GfoX16g0T+SZ6acYxLQreYczaqzULu824Aj8ELtc5mFMjeI3A/BgE1zwffttwrYH4KOMvuxSu1xxq+4I8Jd4Y1IhY9Tb5Vc/SlgWozRMUK1bnpuaIKfKcCZwUPIzjSllPdrFlqWSxqiDfHTcADasEkEnUfZJAyP1e0dOY637cWgr7YJX+rc3FP/zWpnpHAY5l2lmULLPQZ1MgElgmBREXCEzom8JZYrbXYFdUUWZsXkOQ/B+n/yXnO9Uvf2q19ir1I7HcRTJGlknW8QjB6RGTkmdNAkjt+SePJIn5855cJ6dl8/SgjPuWSU/4Lx9AE+onmw=</latexit>

Q =


1 0
0 �1

�
indefinite 

<latexit sha1_base64="u8MtVJJOK+Twf6So/IrmKc/V9pc=">AAACK3icbVDLSgMxFM34rPVVdekmWCyuykwRdSOUunHZgn1Ap5RM5rYNzWSGJCOWof/jxl9xoQsfuPU/zLSlaOuBhMM59yb3Hi/iTGnb/rBWVtfWNzYzW9ntnd29/dzBYUOFsaRQpyEPZcsjCjgTUNdMc2hFEkjgcWh6w5vUb96DVCwUd3oUQScgfcF6jBJtpG6uUsPX2PWgz0TiBURL9jDGLjcP+KTr4AK2seuaqzAXSxi7IPx5dbaby9tFewK8TJwZyaMZqt3ci+uHNA5AaMqJUm3HjnQnIVIzymGcdWMFEaFD0oe2oYIEoDrJZNcxPjWKj3uhNEdoPFF/dyQkUGoUeKbSDDhQi14q/ue1Y9276iRMRLEGQacf9WKOdYjT4LDPJFDNR4YQKpmZFdMBkYRqE28agrO48jJplIrORdGpnefLlVkcGXSMTtAZctAlKqNbVEV1RNEjekZv6N16sl6tT+trWrpizXqO0B9Y3z/nW6UO</latexit>

Q =


�1 0
0 �2

� <latexit sha1_base64="1fM1FzyywEbg1zR/Zq8sV1UR8ZI="></latexit>

Q = V


�1 0
0 �2

�
V T



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:
<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

level setssurface 

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=
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4
| |
v1 v2
| |

3
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�1 0
0 �2

� 
� vT1 �
� vT2 �

�

<latexit sha1_base64="4jkRVsjv7uKSkRZbv1YJeFTy2nM=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewao15MiHrwCAksGFhJtxRoaLubtmtCNvwKLx40xqs/x5v/xgJ7UPAlk7y8N5OZeWHMmTau++3kVlbX1jfym4Wt7Z3dveL+ga+jRBHaIBGPVCvEmnImacMww2krVhSLkNNmOLqd+s0nqjSLZN2MYxoIPJCszwg2VnqooWvk3/mP9W6x5JbdGdAy8TJSggzVbvGr04tIIqg0hGOt254bmyDFyjDC6aTQSTSNMRnhAW1bKrGgOkhnB0/QiVV6qB8pW9Kgmfp7IsVC67EIbafAZqgXvan4n9dOTP8qSJmME0MlmS/qJxyZCE2/Rz2mKDF8bAkmitlbERlihYmxGRVsCN7iy8vEPyt7F2Wvdl6q3GRx5OEIjuEUPLiECtxDFRpAQMAzvMKbo5wX5935mLfmnGzmEP7A+fwBFFiPSg==</latexit>

Q = V DV T
<latexit sha1_base64="ZYFyikAji1OQEzHK57ip4Ezfng0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZkRUTdC0Y3LFvqCdiyZNNOGZjJDkiktQ//EjQtF3Pon7vwb03YW2nrgcg/n3Etujh9zprTjfFtr6xubW9u5nfzu3v7BoX103FBRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP3yY+c0RlYpFoqYnMfVC3BcsYARrI3VtOyiOL9AdGj/VqmPT3a5dcErOHGiVuBkpQIZK1/7q9CKShFRowrFSbdeJtZdiqRnhdJrvJIrGmAxxn7YNFTikykvnl0/RuVF6KIikKaHRXP29keJQqUnom8kQ64Fa9mbif1470cGtlzIRJ5oKsngoSDjSEZrFgHpMUqL5xBBMJDO3IjLAEhNtwsqbENzlL6+SxmXJvS651atC+T6LIwencAZFcOEGyvAIFagDgRE8wyu8Wan1Yr1bH4vRNSvbOYE/sD5/AHtXkZ4=</latexit>

f(x) = xTQx = 1

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

(

<latexit sha1_base64="gEF20HFCsSc/jqgzJ0R8lstM2f4=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVTIi6rLoxmUF+4AmhMlk0g6dPJy5EUrIwo2/4saFIm79CHf+jdM2C209MHA45x7u3OOngiuw7W+jsrK6tr5R3axtbe/s7pn7B12VZJKyDk1EIvs+UUzwmHWAg2D9VDIS+YL1/PH11O89MKl4Et/BJGVuRIYxDzkloCXPrDsQSkJzXOSOupeQO0KHA+LhovDMht20Z7CWCS5JA5Voe+aXEyQ0i1gMVBClBthOwc2JBE4FK2pOplhK6JgM2UDTmERMufnsiMI61kpghYnULwZrpv5O5CRSahL5ejIiMFKL3lT8zxtkEF66OY/TDFhM54vCTFiQWNNGrIBLRkFMNCFUcv1Xi46ILgV0bzVdAl48eZl0T5v4vIlvzxqtq7KOKqqjI3SCMLpALXSD2qiDKHpEz+gVvRlPxovxbnzMRytGmTlEf2B8/gCdv5i3</latexit>

1p
�1

<latexit sha1_base64="5rAhwhbNWG9ajNozS+Oc07ac3+g=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSlJEXRbduKxgH9CEMJlM2qGTSZy5EUrIwo2/4saFIm79CHf+jdM2C209MHA45x7u3BOknCmw7W9jZXVtfWOzslXd3tnd2zcPDrsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvH11O89UKlYIu5gklIvxkPBIkYwaMk3ay5EEpPcKXJX3UvIXa7DIfabReGbdbthz2AtE6ckdVSi7ZtfbpiQLKYCCMdKDRw7BS/HEhjhtKi6maIpJmM8pANNBY6p8vLZEYV1opXQihKpnwBrpv5O5DhWahIHejLGMFKL3lT8zxtkEF16ORNpBlSQ+aIo4xYk1rQRK2SSEuATTTCRTP/VIiOsSwHdW1WX4CyevEy6zYZz3nBuz+qtq7KOCqqhY3SKHHSBWugGtVEHEfSIntErejOejBfj3fiYj64YZeYI/YHx+QOfRZi4</latexit>

1p
�2

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

<latexit sha1_base64="eUl5PRa+ArJ9GbS+Ik+BQOcZ78c=">AAACB3icbVDLSgMxFL1TX3V8jboUJFgEV2WmiLoRim5cVrAPaIchk2ba0MyDJFMotTs3/oobF4q49Rfc+Tem0wG19UDCyTn3cnOPn3AmlW1/GYWl5ZXVteK6ubG5tb1j7e41ZJwKQusk5rFo+VhSziJaV0xx2koExaHPadMfXE/95pAKyeLoTo0S6oa4F7GAEay05FmHZsdnvfvsGnrs5+FV0CVyPKtkl+0MaJE4OSlBjppnfXa6MUlDGinCsZRtx06UO8ZCMcLpxOykkiaYDHCPtjWNcEilO872mKBjrXRREAt9IoUy9XfHGIdSjkJfV4ZY9eW8NxX/89qpCi7cMYuSVNGIzAYFKUcqRtNQUJcJShQfaYKJYPqviPSxwETp6EwdgjO/8iJpVMrOWdm5PS1Vr/I4inAAR3ACDpxDFW6gBnUg8ABP8AKvxqPxbLwZ77PSgpH37MMfGB/fssyYjA==</latexit>����vi
����
2
= 1

<latexit sha1_base64="rsvz3AzaLd+H7++02Jf1NA/csmE="></latexit>2

4
|
v1
|

3

5 1p
�1

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=

2

4
| |
v1 v2
| |

3

5

�1 0
0 �2

� 
� vT1 �
� vT2 �

�

<latexit sha1_base64="8ZtFi9n1HpDBSCFQWHHMYSwSuD4=">AAACWHicfVFLSwMxGMyurbb1VfXoJViEeikbEfUiFL14VOgLunXJptk2mH2YfCuUZf+k4EH/iheztQdt1YHAMDNfHhM/kUKD47xZ9lqpvL5RqdY2t7Z3dut7+z0dp4rxLotlrAY+1VyKiHdBgOSDRHEa+pL3/cebwu8/c6VFHHVglvBRSCeRCASjYCSvHgeu5AE0XQgUZRnJM1c/KchcafYYU4/k+bNHXCUmUzjBV/j/3EPnvkj/nal59YbTcubAq4QsSAMtcOfVX9xxzNKQR8Ak1XpInARGGVUgmOR5zU01Tyh7pBM+NDSiIdejbF5Mjo+NMsZBrMyKAM/V7xMZDbWehb5JhhSmetkrxN+8YQrB5SgTUZICj9jXQUEqMcS4aBmPheIM5MwQypQwd8VsSk0rYP6iKIEsP3mV9E5b5LxF7s8a7etFHRV0iI5QExF0gdroFt2hLmLoFX1YJatsvdvI3rCrX1HbWswcoB+w9z8BBHi1yQ==</latexit>

f
⇣

1p
�1
v1
⌘
= 1p

�1
vT1 Qv1

1p
�1

<latexit sha1_base64="GLJsHalfM2pllqyNDijAs8vvsD0="></latexit>

1p
�1

2

4
|
v1
|

3

5
T

<latexit sha1_base64="qg3sWMECpxe+m4MigwpNU5C5Iw4=">AAACLHicbVBNS8NAEN34bf2qevSyWARPJSuiHotePFawKjS1bDaTurjZxN2JWEJ+kBf/iiAeLOLV3+G2FvHrwcDjvRlm5oWZkhZ9f+BNTE5Nz8zOzVcWFpeWV6qra2c2zY2AlkhVai5CbkFJDS2UqOAiM8CTUMF5eH009M9vwViZ6lPsZ9BJeE/LWAqOTupWjwKMDRcFK4vA3hgsAuWGI95lZVkJQuhJXYQJRyPvSspoEFCfBqCjL/HytNKt1vy6PwL9S9iY1MgYzW71KYhSkSegUShubZv5GXYKblAKBW5vbiHj4pr3oO2o5gnYTjF6tqRbTolonBpXGulI/T5R8MTafhK6Tnfilf3tDcX/vHaO8UGnkDrLEbT4XBTnimJKh8nRSBoQqPqOcGGku5WKK+7CQ5fvMAT2++W/5Gynzvbq7GS31jgcxzFHNsgm2SaM7JMGOSZN0iKC3JNH8kIG3oP37L16b5+tE954Zp38gPf+AcNnqHg=</latexit>

1p
�1


1
0

�T <latexit sha1_base64="EPPuQPD5Wo0KJGE8Wx5mtydXCIE="></latexit>
1
0

�
1p
�1

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=

2

4
| |
v1 v2
| |

3

5

�1 0
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� vT1 �
� vT2 �

�

<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="YS9WCgUSeDNb1G09iefdxVwhRsQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAh1U5Ii6kYounFZwT6giWEymbRDJ5M4MxFK6C+48VfcuFDErTt3/o2TNovaemDgcM493LnHTxiVyrJ+jKXlldW19dJGeXNre2fX3NtvyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXud+55EISWN+p0YJcSPU5zSkGCkteWb10gkFwpnDdCZAnj3Oqo58EGpGObmvj8ueWbFq1gRwkdgFqYACTc/8doIYpxHhCjMkZc+2EuVmSCiKGRmXnVSSBOEh6pOephxFRLrZ5KIxPNZKAMNY6McVnKiziQxFUo4iX09GSA3kvJeL/3m9VIUXbkZ5kirC8XRRmDKoYpjXAwMqCFZspAnCguq/QjxAuiGlS8xLsOdPXiTtes0+q9m3p5XGVVFHCRyCI1AFNjgHDXADmqAFMHgCL+ANvBvPxqvxYXxOR5eMInMA/sD4+gXlYJ0J</latexit>

=
�1

(
p
�1)2

<latexit sha1_base64="CChMOnEIe1f8wmwOOyloYBOg00M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtsu3WzC7kQooT/BiwdFvPqLvPlv3LQ5aOuDgcd7M8zMC2IpDLrut1NYWV1b3yhulra2d3b3yvsHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+DbzW09cGxGpR5zE3A/pUImBYBSt9HDtlXrlilt1ZyDLxMtJBXLUe+Wvbj9iScgVMkmN6XhujH5KNQom+bTUTQyPKRvTIe9YqmjIjZ/OTp2SE6v0ySDSthSSmfp7IqWhMZMwsJ0hxZFZ9DLxP6+T4ODKT4WKE+SKzRcNEkkwItnfpC80ZygnllCmhb2VsBHVlKFNJwvBW3x5mTTPqt5F1bs/r9Ru8jiKcATHcAoeXEIN7qAODWAwhGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMytY0W</latexit>

= 1



Definite (Symmetric) Matrices
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Positive definite: 

Definiteness: 

Positive semi-definite

Negative-definite

Negative semi-definite

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="Sm/tpm12K2N9iUzAEMBuyIaLo6s=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6A3wkdq9Yssv2HGSVOBkpQYZqr/jV7UcsCTDUTFClOo4dazelUnMmcFroJgpjykZ0gB1DQxqgctP5zVNyZpQ+8SNpKtRkrv6eSGmg1CTwTGdA9VAtezPxP6+TaP/GTXkYJxpDtljkJ4LoiMwCIH0ukWkxMYQyyc2thA2ppEybmAomBGf55VXSvCg7V2Wndlmq3GZx5OEETuEcHLiGCtxDFRrAIIZneIU3K7FerHfrY9Gas7KZY/gD6/MH6tWQ9A==</latexit>

xTQx � 0

<latexit sha1_base64="CqyjuRRcO25insbG0QX+j4xmekk=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4h4ZXASmaHXpgw+3Bm1kA2/IYXDxrj1Z/x5t84wB4UrKSTSlV3uru8WHClbfvbyq2tb2xu5bcLO7t7+wfFw6OmihLJsMEiEcm2RxUKHmJDcy2wHUukgSew5Y3uZn7rCaXiUVjXkxjdgA5C7nNGtZG644d6bUy6Ah+J3SuW7LI9B1klTkZKkKHaK351+xFLAgw1E1SpjmPH2k2p1JwJnBa6icKYshEdYMfQkAao3HR+85ScGaVP/EiaCjWZq78nUhooNQk80xlQPVTL3kz8z+sk2r9xUx7GicaQLRb5iSA6IrMASJ9LZFpMDKFMcnMrYUMqKdMmpoIJwVl+eZU0L8rOVdmpXZYqt1kceTiBUzgHB66hAvdQhQYwiOEZXuHNSqwX6936WLTmrGzmGP7A+vwB8n2Q+Q==</latexit>

xTQx  0

<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

Notation Definition
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x
<latexit sha1_base64="TcJKhEJe92kgVzPDhr7Xhkez0gA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0jco04y2mpNKdkBouRcJbKFDyTqo5jUPJH8LRzdR/eOTaCJXc4zjlQUwHiYgEo2ilrh8pTaUkPnnqVWtu3Z2BLBOvIDUo0OxVv/y+YlnME2SSGtP13BSDnGoUTPJJxc8MTykb0QHvWprQmJsgn508ISdW6RO73VaCZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKRpBnyhM0XRZkkqMj0f9IXmjOUY0so08LeStiQasrQplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBQ8wyu8Oei8OO/Ox7y15BQzh/AHzucPsMqQ3g==</latexit>

8 x

Eigenvalues
<latexit sha1_base64="azDnpLcDmCoze4HOo8DJGf8SQnQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSLUTZ0RUVdSdOOygq1Cp5RM5rYNzWTG5I5Yhn6GG3/FjQtF3Lrzb0wf4PNA4HDOudzcEyRSGHTdDyc3Mzs3v5BfLCwtr6yuFdc3GiZONYc6j2WsrwNmQAoFdRQo4TrRwKJAwlXQPxv5V7egjYjVJQ4SaEWsq0RHcIZWahf3fGnDIWsLekJd6t+kLKRfmi8U9RHuMAPRHZYvdtvFkltxx6B/iTclJTJFrV1898OYpxEo5JIZ0/TcBFsZ0yi4hGHBTw0kjPdZF5qWKhaBaWXjw4Z0xyoh7cTaPoV0rH6fyFhkzCAKbDJi2DO/vZH4n9dMsXPcyoRKUgTFJ4s6qaQY01FLNBQaOMqBJYxrYf9KeY9pxtF2WbAleL9P/ksa+xXvsOJdHJSqp9M68mSLbJMy8cgRqZJzUiN1wsk9eSTP5MV5cJ6cV+dtEs0505lN8gPO+yehSp7p</latexit>

�i > 0 �i 2 eig(Q)

<latexit sha1_base64="MfWB2zI78rsaYP71bTHr2NepXjc=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggY9GFKPBsOMRfSbLBQNEG4xB9Eb7zcOOm7Zq3hT0L/En5EymaHecd+CKOFZDAq5ZMa0fC/Fds40Ci5hXAoyAynjA9aDlqWKxWDa+fS2Md2zSkS7ibZPIZ2q3ydyFhszikObjBn2zW9vIv7ntTLsnrRzodIMQfGvRd1MUkzopCgaCQ0c5cgSxrWwf6W8zzTjaOss2RL83yf/JZfVin9U8RuH5drprI4i2SG7ZJ/45JjUyDmpkybh5I48kCfy7Nw7j86L8/oVLTizmW3yA877J12IoGI=</latexit>

�i � 0 �i 2 eig(Q)

<latexit sha1_base64="Mq4z//Gb3kr7DgruCCTaqZ1LANw=">AAACG3icbVC7SgNBFJ2Nrxhfq5Y2g0HQJuwGUcugjWUCRoVsCLOzN8mQ2dnNzF0xLPkPG3/FxkIRK8HCv3ESU/g6MHA451zu3BOmUhj0vA+nMDe/sLhUXC6trK6tb7ibW5cmyTSHJk9koq9DZkAKBU0UKOE61cDiUMJVODib+Fc3oI1I1AWOUmjHrKdEV3CGVuq41UDacMQ6ggYShtSjwTBjEf0mC0UDhFvMQfTG+42Djlv2Kt4U9C/xZ6RMZqh33LcgSngWg0IumTEt30uxnTONgksYl4LMQMr4gPWgZaliMZh2Pr1tTPesEtFuou1TSKfq94mcxcaM4tAmY4Z989ubiP95rQy7J+1cqDRDUPxrUTeTFBM6KYpGQgNHObKEcS3sXynvM8042jpLtgT/98l/yWW14h9V/MZhuXY6q6NIdsgu2Sc+OSY1ck7qpEk4uSMP5Ik8O/fOo/PivH5FC85sZpv8gPP+CWXaoGc=</latexit>

�i  0 �i 2 eig(Q)

<latexit sha1_base64="4lmoPQJcmJmnoCjwllLRo10AJmg=">AAACGHicbVC7SgNBFJ2NrxhfUUubwSDEJu6KqIVF0MYygolCNoTZ2ZtkyOzsOnNXDEs+w8ZfsbFQxNbOv3HyAJ8HBg7nnMude4JECoOu++HkZmbn5hfyi4Wl5ZXVteL6RsPEqeZQ57GM9XXADEihoI4CJVwnGlgUSLgK+mcj/+oWtBGxusRBAq2IdZXoCM7QSu3ini9tOGRtQU+oS/2blIX0S/OFoj7CHWYgusPyxW67WHIr7hj0L/GmpESmqLWL734Y8zQChVwyY5qem2ArYxoFlzAs+KmBhPE+60LTUsUiMK1sfNiQ7lglpJ1Y26eQjtXvExmLjBlEgU1GDHvmtzcS//OaKXaOW5lQSYqg+GRRJ5UUYzpqiYZCA0c5sIRxLexfKe8xzTjaLgu2BO/3yX9JY7/iHVa8i4NS9XRaR55skW1SJh45IlVyTmqkTji5J4/kmbw4D86T8+q8TaI5ZzqzSX7Aef8Enfqe5w==</latexit>

�i < 0 �i 2 eig(Q)

<latexit sha1_base64="rHhaGG2dlypadoZH4ElHX8kiWWg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9NlDPpIQgv1+u+FV/DrRKgpxUIEe9X/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn84Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q45swYzJJLZVksShOObIKzb5HA6YpsXziCCaauVsRGWGNiXUZlVwIwfLLq6R1UQ2uqkHjslK7zeMowgmcwjkEcA01uIc6NIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOhUo+l</latexit>

Q � 0

<latexit sha1_base64="0tfmraC+uMliXHyYMYS1fzMrOK0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2m3bpJht3J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3cxvP3FthIofcJJwP6LDWISCUbRSt0F6JmWMPxK3X664VXcOskq8nFQgR71f/uoNFEsjHiOT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqUxjbjxs/nJU3JmlQEJlbYVI5mrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMxEmKPGaLRWEqCSoy+58MhOYM5cQSyrSwtxI2opoytCmVbAje8surpHVR9a6qXuOyUrvN4yjCCZzCOXhwDTW4hzo0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ATa5kI8=</latexit>

Q ⌫ 0

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0

<latexit sha1_base64="ZMT5dm86HV7mjoC7Nmym3O7qxL4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ie0Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2PazkJbLwQO55xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZnr7iWrDlHywk4SGAg8lixnB1lGPDdRzdoL8frniV/35oFUQ5KAC+dT75a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nVQYkFNmM0PnqIzxwxQrLR70qI5+3sjw8KYiYicU2A7MsvajPxP66Y2vgkzJpPUUkkWH8UpR1ahWXo0YC6t5RMHMNHM3YrICGtMrOuo5EoIliOvgtZFNbiqBo3LSu02r6MIJ3AK5xDANdTgHurQBAICnuEV3jztvXjv3sfCWvDynWP4M97nD5stj6E=</latexit>

Q � 0

Eigenvalue condition proof:

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

x = V x0

<latexit sha1_base64="l5jjLCkmpbzMW9XsXfwcdIDXRp4="></latexit>

xTQx = xV DV Tx = x0TDx0 =
X

i

�ix
0
i
2
> 0

since V is

invertible…

<latexit sha1_base64="Ppuhn2RfazuPnQIyGBuu1YF1uT4=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaip5KIqMeiF48V7Ac0oWy2m3bpZhN2N2Ip/QVe/CtePCji1bM3/42bNoK2Phh4vDfDzLwg4Uxpx/myCkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yvzWHZWKxeJWjxLqR7gvWMgI1kbq2hUvjCXmHHno3hRCHgvDjPzomXHUtctO1ZkCLRI3J2XIUe/an14vJmlEhSYcK9VxnUT7Yyw1I5xOSl6qaILJEPdpx1CBI6r88fSdCaoYpYfMflNCo6n6e2KMI6VGUWA6I6wHat7LxP+8TqrDC3/MRJJqKshsUZhypGOUZYN6TFKi+cgQTCQztyIywBITbRIsmRDc+ZcXSfOk6p5V3ZvTcu0yj6MIB3AIx+DCOdTgGurQAAIP8AQv8Go9Ws/Wm/U+ay1Y+cw+/IH18Q3b3plz</latexit>

8 x () 8 x0

<latexit sha1_base64="GDu8Ljgvo2Kca7W0o4LdjofUbZQ="></latexit>X

i

�ix
0
i
2
> 0 8x0 () �i > 0 8 �i 2 eig(Q)

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

<latexit sha1_base64="vPidaEO4XQ2EuFnRXt7KD9WmgJo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbymY7aZduNunuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNR1Sax/LBjBP0I9qXPOSMGiu1nkhH4oi43VLZrbgzkGXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzgpNhJNSaUDWkf25ZKGqH2s9m9E3JqlR4JY2VLGjJTf09kNNJ6HAW2M6JmoBe9qfif105NeO1nXCapQcnmi8JUEBOT6fOkxxUyI8aWUKa4vZWwAVWUGRtR0YbgLb68TBrnFe+y4t1flKs3eRwFOIYTOAMPrqAKd1CDOjAQ8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMU349Y</latexit>

x 6= 0

Indefinite:

Analogy

…positive orthant

…positive orthant 
w/ boundary

…negative orthant 
w/ boundary

…negative orthant

<latexit sha1_base64="3q8BctZPB9oW9UoyPxKvYHMqvyA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kmKXjy20C9p15JNs21okl2SrLQs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02YwvJv6zSeqNItkzYxj6gvclyxkBBsrPYwea9URukFut1B0S+4MaJl4GSlChkq38NXpRSQRVBrCsdZtz42Nn2JlGOF0ku8kmsaYDHGfti2VWFDtp7ODJ+jUKj0URsqWNGim/p5IsdB6LALbKbAZ6EVvKv7ntRMTXvspk3FiqCTzRWHCkYnQ9HvUY4oSw8eWYKKYvRWRAVaYGJtR3obgLb68TBrnJe+y5FUviuXbLI4cHMMJnIEHV1CGe6hAHQgIeIZXeHOU8+K8Ox/z1hUnmzmCP3A+fwBis497</latexit>

xTQx > 0
<latexit sha1_base64="VeRBFdKpYAs2C+9SHeaAZ4kcPn8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWlgEbSwTyJckZ9jb7CVLdveO3T1JOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhndTv/lElWaRrJlxTH2B+5KFjGBjpYfRY606QjfI7RaKbsmdAS0TLyNFyFDpFr46vYgkgkpDONa67bmx8VOsDCOcTvKdRNMYkyHu07alEguq/XR28ASdWqWHwkjZkgbN1N8TKRZaj0VgOwU2A73oTcX/vHZiwms/ZTJODJVkvihMODIRmn6PekxRYvjYEkwUs7ciMsAKE2MzytsQvMWXl0njvORdlrzqRbF8m8WRg2M4gTPw4ArKcA8VqAMBAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w9fp495</latexit>

xTQx < 0

<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x
<latexit sha1_base64="XVCJXrAbM/o3WrzpHVQnF6p/oMg=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7uZ6VXIhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRHGo8kpFuBsyAFCHUUKCEZqyBqUBCIxjeTP3GI2gjovAexzH4ivVD0ROcoZUe2ggjTE2kgE7oqFMsuWV3BrpMvIyUSIZqp/jV7kY8URAil8yYlufG6KdMo+ASJoV2YiBmfMj60LI0ZAqMn86untATq3RpL9K2QqQz9fdEypQxYxXYTsVwYBa9qfif10qwd+WnIowThJDPF/USSTGi0whoV2jgKMeWMK6FvZXyAdOMow2qYEPwFl9eJvWzsndR9u7OS5XrLI48OSLH5JR45JJUyC2pkhrhRJNn8krenCfnxXl3PuatOSebOSR/4Hz+AJaokpE=</latexit>some x

…the rest of the space

Short

PD

PSD

ND

NSD

Surfaces:

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=

2

4
| |
v1 v2
| |
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�1 0
0 �2

� 
� vT1 �
� vT2 �

�

<latexit sha1_base64="4jkRVsjv7uKSkRZbv1YJeFTy2nM=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewao15MiHrwCAksGFhJtxRoaLubtmtCNvwKLx40xqs/x5v/xgJ7UPAlk7y8N5OZeWHMmTau++3kVlbX1jfym4Wt7Z3dveL+ga+jRBHaIBGPVCvEmnImacMww2krVhSLkNNmOLqd+s0nqjSLZN2MYxoIPJCszwg2VnqooWvk3/mP9W6x5JbdGdAy8TJSggzVbvGr04tIIqg0hGOt254bmyDFyjDC6aTQSTSNMRnhAW1bKrGgOkhnB0/QiVV6qB8pW9Kgmfp7IsVC67EIbafAZqgXvan4n9dOTP8qSJmME0MlmS/qJxyZCE2/Rz2mKDF8bAkmitlbERlihYmxGRVsCN7iy8vEPyt7F2Wvdl6q3GRx5OEIjuEUPLiECtxDFRpAQMAzvMKbo5wX5935mLfmnGzmEP7A+fwBFFiPSg==</latexit>

Q = V DV T

<latexit sha1_base64="ZYFyikAji1OQEzHK57ip4Ezfng0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZkRUTdC0Y3LFvqCdiyZNNOGZjJDkiktQ//EjQtF3Pon7vwb03YW2nrgcg/n3Etujh9zprTjfFtr6xubW9u5nfzu3v7BoX103FBRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP3yY+c0RlYpFoqYnMfVC3BcsYARrI3VtOyiOL9AdGj/VqmPT3a5dcErOHGiVuBkpQIZK1/7q9CKShFRowrFSbdeJtZdiqRnhdJrvJIrGmAxxn7YNFTikykvnl0/RuVF6KIikKaHRXP29keJQqUnom8kQ64Fa9mbif1470cGtlzIRJ5oKsngoSDjSEZrFgHpMUqL5xBBMJDO3IjLAEhNtwsqbENzlL6+SxmXJvS651atC+T6LIwencAZFcOEGyvAIFagDgRE8wyu8Wan1Yr1bH4vRNSvbOYE/sD5/AHtXkZ4=</latexit>

f(x) = xTQx = 1

<latexit sha1_base64="eUl5PRa+ArJ9GbS+Ik+BQOcZ78c=">AAACB3icbVDLSgMxFL1TX3V8jboUJFgEV2WmiLoRim5cVrAPaIchk2ba0MyDJFMotTs3/oobF4q49Rfc+Tem0wG19UDCyTn3cnOPn3AmlW1/GYWl5ZXVteK6ubG5tb1j7e41ZJwKQusk5rFo+VhSziJaV0xx2koExaHPadMfXE/95pAKyeLoTo0S6oa4F7GAEay05FmHZsdnvfvsGnrs5+FV0CVyPKtkl+0MaJE4OSlBjppnfXa6MUlDGinCsZRtx06UO8ZCMcLpxOykkiaYDHCPtjWNcEilO872mKBjrXRREAt9IoUy9XfHGIdSjkJfV4ZY9eW8NxX/89qpCi7cMYuSVNGIzAYFKUcqRtNQUJcJShQfaYKJYPqviPSxwETp6EwdgjO/8iJpVMrOWdm5PS1Vr/I4inAAR3ACDpxDFW6gBnUg8ABP8AKvxqPxbLwZ77PSgpH37MMfGB/fssyYjA==</latexit>����vi
����
2
= 1

<latexit sha1_base64="rsvz3AzaLd+H7++02Jf1NA/csmE="></latexit>2
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<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=
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�

<latexit sha1_base64="8ZtFi9n1HpDBSCFQWHHMYSwSuD4=">AAACWHicfVFLSwMxGMyurbb1VfXoJViEeikbEfUiFL14VOgLunXJptk2mH2YfCuUZf+k4EH/iheztQdt1YHAMDNfHhM/kUKD47xZ9lqpvL5RqdY2t7Z3dut7+z0dp4rxLotlrAY+1VyKiHdBgOSDRHEa+pL3/cebwu8/c6VFHHVglvBRSCeRCASjYCSvHgeu5AE0XQgUZRnJM1c/KchcafYYU4/k+bNHXCUmUzjBV/j/3EPnvkj/nal59YbTcubAq4QsSAMtcOfVX9xxzNKQR8Ak1XpInARGGVUgmOR5zU01Tyh7pBM+NDSiIdejbF5Mjo+NMsZBrMyKAM/V7xMZDbWehb5JhhSmetkrxN+8YQrB5SgTUZICj9jXQUEqMcS4aBmPheIM5MwQypQwd8VsSk0rYP6iKIEsP3mV9E5b5LxF7s8a7etFHRV0iI5QExF0gdroFt2hLmLoFX1YJatsvdvI3rCrX1HbWswcoB+w9z8BBHi1yQ==</latexit>

f
⇣

1p
�1
v1
⌘
= 1p

�1
vT1 Qv1

1p
�1

<latexit sha1_base64="GLJsHalfM2pllqyNDijAs8vvsD0="></latexit>

1p
�1

2

4
|
v1
|

3

5
T

<latexit sha1_base64="qg3sWMECpxe+m4MigwpNU5C5Iw4=">AAACLHicbVBNS8NAEN34bf2qevSyWARPJSuiHotePFawKjS1bDaTurjZxN2JWEJ+kBf/iiAeLOLV3+G2FvHrwcDjvRlm5oWZkhZ9f+BNTE5Nz8zOzVcWFpeWV6qra2c2zY2AlkhVai5CbkFJDS2UqOAiM8CTUMF5eH009M9vwViZ6lPsZ9BJeE/LWAqOTupWjwKMDRcFK4vA3hgsAuWGI95lZVkJQuhJXYQJRyPvSspoEFCfBqCjL/HytNKt1vy6PwL9S9iY1MgYzW71KYhSkSegUShubZv5GXYKblAKBW5vbiHj4pr3oO2o5gnYTjF6tqRbTolonBpXGulI/T5R8MTafhK6Tnfilf3tDcX/vHaO8UGnkDrLEbT4XBTnimJKh8nRSBoQqPqOcGGku5WKK+7CQ5fvMAT2++W/5Gynzvbq7GS31jgcxzFHNsgm2SaM7JMGOSZN0iKC3JNH8kIG3oP37L16b5+tE954Zp38gPf+AcNnqHg=</latexit>

1p
�1


1
0

�T <latexit sha1_base64="EPPuQPD5Wo0KJGE8Wx5mtydXCIE="></latexit>
1
0

�
1p
�1

<latexit sha1_base64="qT/ssyBkxdhQJTo8MtySRd1bUKg="></latexit>

=
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<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="YS9WCgUSeDNb1G09iefdxVwhRsQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAh1U5Ii6kYounFZwT6giWEymbRDJ5M4MxFK6C+48VfcuFDErTt3/o2TNovaemDgcM493LnHTxiVyrJ+jKXlldW19dJGeXNre2fX3NtvyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXud+55EISWN+p0YJcSPU5zSkGCkteWb10gkFwpnDdCZAnj3Oqo58EGpGObmvj8ueWbFq1gRwkdgFqYACTc/8doIYpxHhCjMkZc+2EuVmSCiKGRmXnVSSBOEh6pOephxFRLrZ5KIxPNZKAMNY6McVnKiziQxFUo4iX09GSA3kvJeL/3m9VIUXbkZ5kirC8XRRmDKoYpjXAwMqCFZspAnCguq/QjxAuiGlS8xLsOdPXiTtes0+q9m3p5XGVVFHCRyCI1AFNjgHDXADmqAFMHgCL+ANvBvPxqvxYXxOR5eMInMA/sD4+gXlYJ0J</latexit>

=
�1

(
p
�1)2

<latexit sha1_base64="CChMOnEIe1f8wmwOOyloYBOg00M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtsu3WzC7kQooT/BiwdFvPqLvPlv3LQ5aOuDgcd7M8zMC2IpDLrut1NYWV1b3yhulra2d3b3yvsHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+DbzW09cGxGpR5zE3A/pUImBYBSt9HDtlXrlilt1ZyDLxMtJBXLUe+Wvbj9iScgVMkmN6XhujH5KNQom+bTUTQyPKRvTIe9YqmjIjZ/OTp2SE6v0ySDSthSSmfp7IqWhMZMwsJ0hxZFZ9DLxP6+T4ODKT4WKE+SKzRcNEkkwItnfpC80ZygnllCmhb2VsBHVlKFNJwvBW3x5mTTPqt5F1bs/r9Ru8jiKcATHcAoeXEIN7qAODWAwhGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMytY0W</latexit>

= 1

<latexit sha1_base64="ummOwFagEEuz3CL91X4GQv9IYuo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5ct2Ae0Q8mkmTY0MxmTO0IZ+hluXCji1q9x59+YtrPQ1guBwznnkntOkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4Px3UxvP3FthIofcJJwP6LDWISCUbRUt0F61s74I3H75YpbdedDVoGXgwrkU++Xv3oDxdKIx8gkNabruQn6GdUomOTTUi81PKFsTIe8a2FMI278bH7ylJxZZkBCpe2LkczZ3xsZjYyZRIF1RhRHZlmbkf9p3RTDGz8TcZIij9niozCVBBWZ5ScDYfOinFhAmRb2VsJGVFOGtqWSLcFbjrwKWhdV76rqNS4rtdu8jiKcwCmcgwfXUIN7qEMTGCh4hld4c9B5cd6dj4W14OQ7x/BnnM8fMIyQiw==</latexit>

Q � 0indefinite 

<latexit sha1_base64="qvli23qyfLZcaRdktQTPxzSBGaM=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxCXVhmRNSNUHTjsoW+oB1LJs20oZkHSUamlP6KGxeKuPVH3Pk3ZtpZaOuByz2ccy+5OW7EmVSW9W3k1tY3Nrfy24Wd3b39A/Ow2JJhLAhtkpCHouNiSTkLaFMxxWknEhT7Lqdtd3yf+u0nKiQLg4aaRNTx8TBgHiNYaalvFr1ycoZuUfLYqCe6n9uFvlmyKtYcaJXYGSlBhlrf/OoNQhL7NFCEYym7thUpZ4qFYoTTWaEXSxphMsZD2tU0wD6VznR++wydamWAvFDoChSaq783ptiXcuK7etLHaiSXvVT8z+vGyrtxpiyIYkUDsnjIizlSIUqDQAMmKFF8ogkmgulbERlhgYnScaUh2MtfXiWti4p9VbHrl6XqXRZHHo7hBMpgwzVU4QFq0AQCCTzDK7wZM+PFeDc+FqM5I9s5gj8wPn8AIcmR6Q==</latexit>

f(x) = xTQx = �1
<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="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(

<latexit sha1_base64="gEF20HFCsSc/jqgzJ0R8lstM2f4=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVTIi6rLoxmUF+4AmhMlk0g6dPJy5EUrIwo2/4saFIm79CHf+jdM2C209MHA45x7u3OOngiuw7W+jsrK6tr5R3axtbe/s7pn7B12VZJKyDk1EIvs+UUzwmHWAg2D9VDIS+YL1/PH11O89MKl4Et/BJGVuRIYxDzkloCXPrDsQSkJzXOSOupeQO0KHA+LhovDMht20Z7CWCS5JA5Voe+aXEyQ0i1gMVBClBthOwc2JBE4FK2pOplhK6JgM2UDTmERMufnsiMI61kpghYnULwZrpv5O5CRSahL5ejIiMFKL3lT8zxtkEF66OY/TDFhM54vCTFiQWNNGrIBLRkFMNCFUcv1Xi46ILgV0bzVdAl48eZl0T5v4vIlvzxqtq7KOKqqjI3SCMLpALXSD2qiDKHpEz+gVvRlPxovxbnzMRytGmTlEf2B8/gCdv5i3</latexit>

1p
�1

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

<latexit sha1_base64="5rAhwhbNWG9ajNozS+Oc07ac3+g=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSlJEXRbduKxgH9CEMJlM2qGTSZy5EUrIwo2/4saFIm79CHf+jdM2C209MHA45x7u3BOknCmw7W9jZXVtfWOzslXd3tnd2zcPDrsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvH11O89UKlYIu5gklIvxkPBIkYwaMk3ay5EEpPcKXJX3UvIXa7DIfabReGbdbthz2AtE6ckdVSi7ZtfbpiQLKYCCMdKDRw7BS/HEhjhtKi6maIpJmM8pANNBY6p8vLZEYV1opXQihKpnwBrpv5O5DhWahIHejLGMFKL3lT8zxtkEF16ORNpBlSQ+aIo4xYk1rQRK2SSEuATTTCRTP/VIiOsSwHdW1WX4CyevEy6zYZz3nBuz+qtq7KOCqqhY3SKHHSBWugGtVEHEfSIntErejOejBfj3fiYj64YZeYI/YHx+QOfRZi4</latexit>

1p
�2

level setssurface 

<latexit sha1_base64="J7H/SocoFY3W9hAHJIO50I1EVPQ=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUS9C0YvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG4yv/VIlWaRvDfjmPoCDyQLGcHGSg9h5ekEXSG32CuV3ao7BVokXk7KkKPeK311+xFJBJWGcKx1x3Nj46dYGUY4nRS7iaYxJiM8oB1LJRZU++n04Ak6tkofhZGyJQ2aqr8nUiy0HovAdgpshnrey8T/vE5iwks/ZTJODJVktihMODIRyr5HfaYoMXxsCSaK2VsRGWKFibEZZSF48y8vkuZp1Tuvendn5dp1HkcBDuEIKuDBBdTgFurQAAICnuEV3hzlvDjvzsesdcnJZw7gD5zPH0QJjsA=</latexit>

f(x) = 0

<latexit sha1_base64="J7H/SocoFY3W9hAHJIO50I1EVPQ=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUS9C0YvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvzLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG4yv/VIlWaRvDfjmPoCDyQLGcHGSg9h5ekEXSG32CuV3ao7BVokXk7KkKPeK311+xFJBJWGcKx1x3Nj46dYGUY4nRS7iaYxJiM8oB1LJRZU++n04Ak6tkofhZGyJQ2aqr8nUiy0HovAdgpshnrey8T/vE5iwks/ZTJODJVktihMODIRyr5HfaYoMXxsCSaK2VsRGWKFibEZZSF48y8vkuZp1Tuvendn5dp1HkcBDuEIKuDBBdTgFurQAAICnuEV3hzlvDjvzsesdcnJZw7gD5zPH0QJjsA=</latexit>

f(x) = 0



Quadratic Form - Level Sets in 3D
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT
<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Definite Matrices 
(Positive or Negative) Indefinite

2D

3D

…all positive or all negative eigenvalues

Two negative eigenvalues
One positive eigenvalue

Two positive eigenvalues
One negative eigenvalue



Quadratic Form - Level Sets in 3D
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT
<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Definite Matrices 
(Positive or Negative) Indefinite

2D

3D

…all positive or all negative eigenvalues
Eigenvalues: two negative, one positive

…expand 1D negative eigenvector 
into an ellipse…

Eigenvalues: two negative, one positive
…expand 1D positive eigenvector 
into an ellipse…



Quadratic forms: matrix invertibility/subspace separation
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Example 1

<latexit sha1_base64="YIpQXLY7WgPPpw/dFMtGnUPjIYU=">AAACFnicbZDLSsNAFIYn9VbjLerSzWBR3FgSEXVZdOOygr1AU8pketoOnUzCzEQsoU/hxldx40IRt+LOt3HSBtTWAwMf/38Oc84fxJwp7bpfVmFhcWl5pbhqr61vbG452zt1FSWSQo1GPJLNgCjgTEBNM82hGUsgYcChEQyvMr9xB1KxSNzqUQztkPQF6zFKtJE6zrEfQJ+JNAiJlux+bHv4EAfY921qwLN9EN0fs+OU3LI7KTwPXg4llFe143z63YgmIQhNOVGq5bmxbqdEakY5jG0/URATOiR9aBkUJATVTidnjfGBUbq4F0nzhMYT9fdESkKlRmFgOs2CAzXrZeJ/XivRvYt2ykScaBB0+lEv4VhHOMsId5kEqvnIAKGSmV0xHRBJqDZJZiF4syfPQ/2k7J2VvZvTUuUyj6OI9tA+OkIeOkcVdI2qqIYoekBP6AW9Wo/Ws/VmvU9bC1Y+s4v+lPXxDbyQnTg=</latexit>
1 b
c 1

�

<latexit sha1_base64="ORxCrddCTeXNzWHqjVQ73FpOrdY=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURUZdFNy4j2gc0oUymk3boZBJmJkINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlLbtb6u0tLyyulZer2xsbm3vVHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORte5336gUrFY3OtxQv0IDwQLGcHaSL3qgecy5DGBvAjrYRBkd5OekWt23Z4CLRKnIDUo4PaqX14/JmlEhSYcK9V17ET7GZaaEU4nFS9VNMFkhAe0a6jAEVV+Nk0/QcdG6aMwluYJjabq740MR0qNo8BM5hnVvJeL/3ndVIeXfsZEkmoqyOxQmHKkY5RXgfpMUqL52BBMJDNZERliiYk2hVVMCc78lxdJ67TunNed27Na46qoowyHcAQn4MAFNOAGXGgCgUd4hld4s56sF+vd+piNlqxiZx/+wPr8AeiNlOM=</latexit>

⇧ 2 Sn

<latexit sha1_base64="FA8o/KpbsS7MQNYZ3HKUnnsqzU0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpF262cTdTaGE/g4vHhTx6o/x5r9x0+agrQ8GHu/NMDPPTzhT2nG+rdLa+sbmVnm7srO7t39QPTxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98l/udCUrFYvGopwl6ERkKFjJKtJG8fioClD6RmT+rDKo1p+7MYa8StyA1KNAcVL/6QUzTCIWmnCjVc51EexmRmlGOs0o/VZgQOiZD7BkqSITKy+ZHz+wzowR2GEtTQttz9fdERiKlppFvOiOiR2rZy8X/vF6qwxsvYyJJNQq6WBSm3NaxnSdgB0wi1XxqCKGSmVttOiKSUG1yykNwl19eJe2LuntVdx8ua43bIo4ynMApnIML19CAe2hCCyg8wTO8wps1sV6sd+tj0Vqyiplj+APr8we+8JIV</latexit>

b
<latexit sha1_base64="ewa8vJX+10dmjDpk+E59ZB/SMX4=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E7GG/BIvHhTx6k/x5r9x0+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmWrur2zu1ez9w86Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPJTeF3H5jSPJb3ME2YH5GR5CGnBIw0sGteQFTmAXuELMjz6sCuOw1nBrxM3JLUUYnWwP7yhjFNIyaBCqJ133US8DOigFPB8qqXapYQOiEj1jdUkohpP5sdnuMTowxxGCtTEvBM/T2RkUjraRSYzojAWC96hfif108hvPIzLpMUmKTzRWEqMMS4SAEPuWIUxNQQQhU3t2I6JopQMFkVIbiLLy+TzlnDvWi4d+f15nUZRwUdoWN0ilx0iZroFrVQG1GUomf0it6sJ+vFerc+5q0rVjlziP7A+vwBCJ6TVQ==</latexit>

b̄
<latexit sha1_base64="JIlKkgLd9GYPUj3yKZxwLAf+suU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN7nffuLaiFg94CThfkSHSoSCUbTSfVDpV2tu3Z2BLBOvIDUo0OxXv3qDmKURV8gkNabruQn6GdUomOTTSi81PKFsTIe8a6miETd+Nrt0Sk6sMiBhrG0pJDP190RGI2MmUWA7I4ojs+jl4n9eN8Xwys+ESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH+0eNAA==</latexit>

b

<latexit sha1_base64="aYvCH2h69ymw6EP5VfMLr3c7y/E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T941HGqGLZYLGLVCahGwSW2DDcCO4lCGgUC28H4JvfbT6g0j+WDmSToR3QoecgZNVa69yr9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofaz2aVTcmKVAQljZUsaMlN/T2Q00noSBbYzomakF71c/M/rpia88jMuk9SgZPNFYSqIiUn+NhlwhcyIiSWUKW5vJWxEFWXGhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHsNKMzw==</latexit>

1

<latexit sha1_base64="8OHEwdnHfF1zYEJ+QYe4+uiA7oU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpF262cTdTaGE/g4vHhTx6o/x5r9x0+agrQ8GHu/NMDPPTzhT2nG+rdLa+sbmVnm7srO7t39QPTxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98l/udCUrFYvGopwl6ERkKFjJKtJG8fioClD6RGZ1VBtWaU3fmsFeJW5AaFGgOql/9IKZphEJTTpTquU6ivYxIzSjHWaWfKkwIHZMh9gwVJELlZfOjZ/aZUQI7jKUpoe25+nsiI5FS08g3nRHRI7Xs5eJ/Xi/V4Y2XMZGkGgVdLApTbuvYzhOwAyaRaj41hFDJzK02HRFJqDY55SG4yy+vkvZF3b2quw+XtcZtEUcZTuAUzsGFa2jAPTShBRSe4Ble4c2aWC/Wu/WxaC1Zxcwx/IH1+QPAdpIW</latexit>c

<latexit sha1_base64="U8YjxhtDjw7lFeq+N2nHypfcijo=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E7GG/BIvHhTx6k/x5r9x0+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmWrur2zu1ez9w86Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPJTeF3H5jSPJb3ME2YH5GR5CGnBIw0sGteQFTmAXuEjOZ5dWDXnYYzA14mbknqqERrYH95w5imEZNABdG67zoJ+BlRwKlgedVLNUsInZAR6xsqScS0n80Oz/GJUYY4jJUpCXim/p7ISKT1NApMZ0RgrBe9QvzP66cQXvkZl0kKTNL5ojAVGGJcpICHXDEKYmoIoYqbWzEdE0UomKyKENzFl5dJ56zhXjTcu/N687qMo4KO0DE6RS66RE10i1qojShK0TN6RW/Wk/VivVsf89YVq5w5RH9gff4ACiWTVg==</latexit>

c̄

<latexit sha1_base64="y0AG5APw9wGNcAd7gW4VG6KTT5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUYP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AyF2M7Q==</latexit>c
<latexit sha1_base64="aYvCH2h69ymw6EP5VfMLr3c7y/E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T941HGqGLZYLGLVCahGwSW2DDcCO4lCGgUC28H4JvfbT6g0j+WDmSToR3QoecgZNVa69yr9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofaz2aVTcmKVAQljZUsaMlN/T2Q00noSBbYzomakF71c/M/rpia88jMuk9SgZPNFYSqIiUn+NhlwhcyIiSWUKW5vJWxEFWXGhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHsNKMzw==</latexit>

1

<latexit sha1_base64="XKQKPS+Zf0t/ovNoGHHuVCdexEU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMCaQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLK6tr6RnmzsrW9s7tX3T94NCrVhLaI4kp3ImwoZ5K2LLOcdhJNsYg4bUfj29xvP1FtmJIPdpLQUOChZDEj2OZScBaRfrXm1/0Z0DIJClKDAs1+9as3UCQVVFrCsTHdwE9smGFtGeF0WumlhiaYjPGQdh2VWFATZrNbp+jEKQMUK+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGZJJaKsl8UZxyZBXKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PG8HlzWg/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifP1t8jcs=</latexit>

1� bc invertible  invertible

<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()
<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()

Desired Condition

<latexit sha1_base64="dTxnDNTvvPbvbts58lYbGEyTtOQ=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLCbtB1DJoYxnBPCC7hNnJTTJkdnaZuSuGJf9h46/YWChiJVj4N04ehSYeGDiccy537gkTKQy67reztLyyurae28hvbm3v7Bb29usmTjWHGo9lrJshMyCFghoKlNBMNLAolNAIB9djv3EP2ohY3eEwgSBiPSW6gjO0UrtQ5tQXivqh6LUo9VPVAR0ynfHRKfWtbKmP8IBWGNFJLGgXim7JnYAuEm9GimSGarvw6XdinkagkEtmTMtzEwwyplFwCaO8nxpIGB+wHrQsVSwCE2ST20b02Cod2o21fQrpRP09kbHImGEU2mTEsG/mvbH4n9dKsXsZZEIlKYLi00XdVFKM6bgo2hEaOMqhJYxrYf9KeZ9pxtHWmbclePMnL5J6ueSdl7zbs2LlalZHjhySI3JCPHJBKuSGVEmNcPJInskreXOenBfn3fmYRpec2cwB+QPn6we/UKCm</latexit>

c 2
⇥
c, c̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

<latexit sha1_base64="M1NnwoAVSf1oXK40x5vS0clKAw4=">AAACG3icbVBNSwMxFMz6WetX1aOXYBE8SNktoh6LXjxWsFXoLiVJX9vQbHZJ3opl6f/w4l/x4kERT4IH/41p7UGrA4FhZh4vb3iqpEXf//Tm5hcWl5YLK8XVtfWNzdLWdtMmmRHQEIlKzA1nFpTU0ECJCm5SAyzmCq754HzsX9+CsTLRVzhMIYpZT8uuFAyd1C5VOQ2lpiGXvRalYaY7YDgzOR8d0tDJjoYId+iEEZ3Eonap7Ff8CehfEkxJmUxRb5few04ishg0CsWsbQV+ilHODEqhYFQMMwspEwPWg5ajmsVgo3xy24juO6VDu4lxTyOdqD8nchZbO4y5S8YM+3bWG4v/ea0Mu6dRLnWaIWjxvaibKYoJHRdFO9KAQDV0hAkj3V+p6DPDBLo6i66EYPbkv6RZrQTHleDyqFw7m9ZRILtkjxyQgJyQGrkgddIggtyTR/JMXrwH78l79d6+o3PedGaH/IL38QW6cKCj</latexit>

b 2
⇥
b, b̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

Find <latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�s.t.
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�<latexit sha1_base64="KQ3DKzJzyo0T45D3YpDo4hMbSjM=">AAACEXicbVBNS8NAEN3Urxq/oh69LBahp5KIqMeiF48V+gVNLZvNtF262YTdjVhC/4IX/4oXD4p49ebNf+O2DaLVBwOP92aYmRcknCntup9WYWl5ZXWtuG5vbG5t7zi7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVjC6nfusWpGKxqOtxAt2IDATrM0q0kXpO2Q9gwEQWRERLdjfBdoB9H3vY9kGE3/JNveeU3Io7A/5LvJyUUI5az/nww5imEQhNOVGq47mJ7mZEakY5TGw/VZAQOiID6BgqSASqm80+muAjo4S4H0tTQuOZ+nMiI5FS4ygwnebCoVr0puJ/XifV/fNuxkSSahB0vqifcqxjPI0Hh0wC1XxsCKGSmVsxHRJJqDYh2iYEb/Hlv6R5XPFOK971Sal6kcdRRAfoEJWRh85QFV2hGmogiu7RI3pGL9aD9WS9Wm/z1oKVz+yjX7DevwA5/Zyk</latexit>
b
1

�T <latexit sha1_base64="KQ3DKzJzyo0T45D3YpDo4hMbSjM=">AAACEXicbVBNS8NAEN3Urxq/oh69LBahp5KIqMeiF48V+gVNLZvNtF262YTdjVhC/4IX/4oXD4p49ebNf+O2DaLVBwOP92aYmRcknCntup9WYWl5ZXWtuG5vbG5t7zi7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVjC6nfusWpGKxqOtxAt2IDATrM0q0kXpO2Q9gwEQWRERLdjfBdoB9H3vY9kGE3/JNveeU3Io7A/5LvJyUUI5az/nww5imEQhNOVGq47mJ7mZEakY5TGw/VZAQOiID6BgqSASqm80+muAjo4S4H0tTQuOZ+nMiI5FS4ygwnebCoVr0puJ/XifV/fNuxkSSahB0vqifcqxjPI0Hh0wC1XxsCKGSmVsxHRJJqDYh2iYEb/Hlv6R5XPFOK971Sal6kcdRRAfoEJWRh85QFV2hGmogiu7RI3pGL9aD9WS9Wm/z1oKVz+yjX7DevwA5/Zyk</latexit>
b
1

�T<latexit sha1_base64="56I0h5X3TCsHhU8X50dKvSMFV/s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ66OqUMXwkLumVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NLp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkEo2BG/x5WXSPKt6F1Xv7rxSu87jKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMW8tOPnMIfyB8/kDldaQNA==</latexit>⌫ 0

<latexit sha1_base64="M1NnwoAVSf1oXK40x5vS0clKAw4=">AAACG3icbVBNSwMxFMz6WetX1aOXYBE8SNktoh6LXjxWsFXoLiVJX9vQbHZJ3opl6f/w4l/x4kERT4IH/41p7UGrA4FhZh4vb3iqpEXf//Tm5hcWl5YLK8XVtfWNzdLWdtMmmRHQEIlKzA1nFpTU0ECJCm5SAyzmCq754HzsX9+CsTLRVzhMIYpZT8uuFAyd1C5VOQ2lpiGXvRalYaY7YDgzOR8d0tDJjoYId+iEEZ3Eonap7Ff8CehfEkxJmUxRb5few04ishg0CsWsbQV+ilHODEqhYFQMMwspEwPWg5ajmsVgo3xy24juO6VDu4lxTyOdqD8nchZbO4y5S8YM+3bWG4v/ea0Mu6dRLnWaIWjxvaibKYoJHRdFO9KAQDV0hAkj3V+p6DPDBLo6i66EYPbkv6RZrQTHleDyqFw7m9ZRILtkjxyQgJyQGrkgddIggtyTR/JMXrwH78l79d6+o3PedGaH/IL38QW6cKCj</latexit>

b 2
⇥
b, b̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

If
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�<latexit sha1_base64="GXiEC5XDPofsmjHRs1OYsA6/S9I=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE1GPRi8cK/RCaWDababt0swm7G7GE/gMv/hUvHhTx6tWb/8ZtG0RbHww83pthZl6QcKa043xZhYXFpeWV4mppbX1jc8ve3mmqOJUUGjTmsbwJiALOBDQ00xxuEgkkCji0gsHl2G/dgVQsFnU9TMCPSE+wLqNEG6ljH3oB9JjIgohoye5H2MWehyn2QIQ/4m29Y5edijMBniduTsooR61jf3phTNMIhKacKNV2nUT7GZGaUQ6jkpcqSAgdkB60DRUkAuVnk39G+MAoIe7G0pTQeKL+nshIpNQwCkynubCvZr2x+J/XTnX33M+YSFINgk4XdVOOdYzH4eCQSaCaDw0hVDJzK6Z9IgnVJsKSCcGdfXmeNI8r7mnFvT4pVy/yOIpoD+2jI+SiM1RFV6iGGoiiB/SEXtCr9Wg9W2/W+7S1YOUzu+gPrI9vwZqcfQ==</latexit>
1
c

�T <latexit sha1_base64="GXiEC5XDPofsmjHRs1OYsA6/S9I=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE1GPRi8cK/RCaWDababt0swm7G7GE/gMv/hUvHhTx6tWb/8ZtG0RbHww83pthZl6QcKa043xZhYXFpeWV4mppbX1jc8ve3mmqOJUUGjTmsbwJiALOBDQ00xxuEgkkCji0gsHl2G/dgVQsFnU9TMCPSE+wLqNEG6ljH3oB9JjIgohoye5H2MWehyn2QIQ/4m29Y5edijMBniduTsooR61jf3phTNMIhKacKNV2nUT7GZGaUQ6jkpcqSAgdkB60DRUkAuVnk39G+MAoIe7G0pTQeKL+nshIpNQwCkynubCvZr2x+J/XTnX33M+YSFINgk4XdVOOdYzH4eCQSaCaDw0hVDJzK6Z9IgnVJsKSCcGdfXmeNI8r7mnFvT4pVy/yOIpoD+2jI+SiM1RFV6iGGoiiB/SEXtCr9Wg9W2/W+7S1YOUzu+gPrI9vwZqcfQ==</latexit>
1
c

�T <latexit sha1_base64="ygBqMuA7C5Foum+lP8yqATnT9ZU=">AAAB73icbVBNS8NAFHypXzV+VT16WSyCp5KIqMeiF48VbC20oWy2m3bpZhN3X4QS+ie8eFDEq3/Hm//GbZuDtj5YGGbmsW8mTKUw6HnfTmlldW19o7zpbm3v7O5V9g9aJsk0402WyES3Q2q4FIo3UaDk7VRzGoeSP4Sjm6n+8MS1EYm6x3HKg5gOlIgEo2ipttu1bka8XqXq1bzZkGXgF6AKxTR6la9uP2FZzBUySY3p+F6KQU41Cib5xO1mhqeUjeiAdyxUNOYmyGf3TsiJZfokSrR9CsmM/b2R09iYcRxaZ0xxaBa1Kfmf1skwugpyodIMuWLzj6JMEkzINDzpC5sW5dgCyrSwtxI2pJoytBW5tgR/MfIyaJ3V/Iuaf3derV8XdZThCI7hFHy4hDrcQgOawEDCM7zCm/PovDjvzsfcWnKKnUP4M87nD9bujzA=</latexit>� 0

<latexit sha1_base64="dTxnDNTvvPbvbts58lYbGEyTtOQ=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLCbtB1DJoYxnBPCC7hNnJTTJkdnaZuSuGJf9h46/YWChiJVj4N04ehSYeGDiccy537gkTKQy67reztLyyurae28hvbm3v7Bb29usmTjWHGo9lrJshMyCFghoKlNBMNLAolNAIB9djv3EP2ohY3eEwgSBiPSW6gjO0UrtQ5tQXivqh6LUo9VPVAR0ynfHRKfWtbKmP8IBWGNFJLGgXim7JnYAuEm9GimSGarvw6XdinkagkEtmTMtzEwwyplFwCaO8nxpIGB+wHrQsVSwCE2ST20b02Cod2o21fQrpRP09kbHImGEU2mTEsG/mvbH4n9dKsXsZZEIlKYLi00XdVFKM6bgo2hEaOMqhJYxrYf9KeZ9pxtHWmbclePMnL5J6ueSdl7zbs2LlalZHjhySI3JCPHJBKuSGVEmNcPJInskreXOenBfn3fmYRpec2cwB+QPn6we/UKCm</latexit>

c 2
⇥
c, c̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

then 

 
Find certificate  

 
Use certificate to 

guarantee condition… 

 
Desired Condition 

Example 2

<latexit sha1_base64="DCt5r2QP3A2jTTvpwvOGgEYa6mE=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ6KomIeiz14rGC/YAmlM122i7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMwLEykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbITMghYIGCpTQTjSwKJTQCke3U7/1CNqIWD3gOIEgYgMl+oIztJJf6wof4QmzMzPplspuxZ2BLhMvJ2WSo94tffm9mKcRKOSSGdPx3ASDjGkUXMKk6KcGEsZHbAAdSxWLwATZ7OYJPbVKj/ZjbUshnam/JzIWGTOOQtsZMRyaRW8q/ud1UuzfBJlQSYqg+HxRP5UUYzoNgPaEBo5ybAnjWthbKR8yzTjamIo2BG/x5WXSvKh4VxXv/rJcreVxFMgxOSHnxCPXpEruSJ00CCcJeSav5M1JnRfn3fmYt644+cwR+QPn8wcQh5G1</latexit>

Bi’s

<latexit sha1_base64="1MowJRb07j8Sm4/4WoI4v+XzK8g=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvoqSQi6rHYi8cK9gOaUDbbSbt2swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmFldW19o7hZ2tre2d0r7x+0dJwqBk0Wi1h1AqpBcAlN5CigkyigUSCgHYzqU7/9CErzWN7jOAE/ogPJQ84oGsmr9x48hCfMTvWkV644VWcGe5m4OamQHI1e+cvrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZjdP7BOj9O0wVqYk2jP190RGI63HUWA6I4pDvehNxf+8borhtZ9xmaQIks0XhamwMbanAdh9roChGBtCmeLmVpsNqaIMTUwlE4K7+PIyaZ1X3cuqe3dRqd3kcRTJETkmZ8QlV6RGbkmDNAkjCXkmr+TNSq0X6936mLcWrHzmkPyB9fkDE6ORtw==</latexit>

Cj ’s

 invertible  invertible

<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()

Desired Condition
<latexit sha1_base64="C6cqFeVM2rCLclBCNQTUVp//0OY="></latexit>2

4
| |
x y
| |

3

5 =


x1 y1
x2 y2

�
<latexit sha1_base64="iR9oGsB2qd9HN+wEDIsuPbCxWks=">AAACJHicbVDLSsNAFJ34rPFVdelmsCiuSiKigpuiG5cV7AOaUCaTm3boZBJnJmIJ/Rg3/oobFz5w4cZvcfoAtfXAwOGce+/ce4KUM6Ud59Oam19YXFourNira+sbm8Wt7bpKMkmhRhOeyGZAFHAmoKaZ5tBMJZA44NAIepdDv3EHUrFE3Oh+Cn5MOoJFjBJtpHbx3AtB57YXQIeJPIiJlux+YLv4AAfY8zA1xLU9EOGPObA9AbfYaRdLTtkZAc8Sd0JKaIJqu/jmhQnNYhCacqJUy3VS7edEakY5mLGZgpTQHulAy1BBYlB+PjpygPeNEuIokeYJjUfq746cxEr148BUmkW7atobiv95rUxHZ37ORJppEHT8UZRxrBM8TAyHTALVvG8IoZKZXTHtEkmoNrnaJgR3+uRZUj8quydl9/q4VLmYxFFAu2gPHSIXnaIKukJVVEMUPaAn9IJerUfr2Xq3Psalc9akZwf9gfX1DdQSom8=</latexit>

det


1 b
c 1

�
6= 0

<latexit sha1_base64="VZzQ4g96BFEoynRRmcHqKqs5MKs=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwY5kUUZdFNy4r2Ae0ZcikmTY08yDJaIexn+LGhSJu/RJ3/o1pOwttPXAvh3PuJTfHiwVX2nG+rZXVtfWNzcJWcXtnd2/fLh00VZRIyho0EpFse0QxwUPW0FwL1o4lI4EnWMsb3Uz91gOTikfhvU5j1gvIIOQ+p0QbybVLYxej1K2iMzQ2PXWxa5edijMDWiY4J2XIUXftr24/oknAQk0FUaqDnVj3MiI1p4JNit1EsZjQERmwjqEhCZjqZbPTJ+jEKH3kR9JUqNFM/b2RkUCpNPDMZED0UC16U/E/r5No/6qX8TBONAvp/CE/EUhHaJoD6nPJqBapIYRKbm5FdEgkodqkVTQh4MUvL5NmtYIvKvjuvFy7zuMowBEcwylguIQa3EIdGkDhEZ7hFd6sJ+vFerc+5qMrVr5zCH9gff4Abm6SLA==</latexit>x1y2 � x2y1
<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()

<latexit sha1_base64="xSGiUJ1omkioIG1ZTWHg6fWMV9k="></latexit>

det


x1 y1
x2 y2

�
6= 0

<latexit sha1_base64="Cgcw6GkGHmxLJ4x3VI0YVLcZaVM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQlJKIqBuh1I3LKvYBTQyT6bQdOpmEmUmxhGzd+CtuXCji1j9w5984abPQ1gMXDufcy733+BGjUlnWt1FYWFxaXimultbWNza3zO2dpgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT84VXmt0ZESBryOzWOiBugPqc9ipHSkmfCB3gJa6Nj6MARdCiHToDUwPeT29Q7uk946pllq2JNAOeJnZMyyFH3zC+nG+I4IFxhhqTs2Fak3AQJRTEjacmJJYkQHqI+6WjKUUCkm0w+SeGBVrqwFwpdXMGJ+nsiQYGU48DXndmdctbLxP+8Tqx6F25CeRQrwvF0US9mUIUwiwV2qSBYsbEmCAuqb4V4gATCSodX0iHYsy/Pk+ZJxT6r2Den5Wotj6MI9sA+OAQ2OAdVcA3qoAEweATP4BW8GU/Gi/FufExbC0Y+swv+wPj8AQjAmLE=</latexit>

x = Bv, v 2 Rn
+

<latexit sha1_base64="BEcDJsgTJr5zQDsZrn3ySSwcJZE=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0UUlJKIqBuh1I3LKvYBTS2T6bQdOpmEmYklhKzd+CtuXCji1i9w5984abPQ1gMXDufcy733uAGjUlnWt5Gbm19YXMovF1ZW19Y3zM2tuvRDgUkN+8wXTRdJwignNUUVI81AEOS5jDTc4VXqNx6IkNTndyoKSNtDfU57FCOlpY65G8FLWBkdQweOoEM5dDykBq4b3yado/uYHyQds2iVrDHgLLEzUgQZqh3zy+n6OPQIV5ghKVu2Fah2jISimJGk4ISSBAgPUZ+0NOXII7Idj19J4L5WurDnC11cwbH6eyJGnpSR5+rO9FA57aXif14rVL2Ldkx5ECrC8WRRL2RQ+TDNBXapIFixSBOEBdW3QjxAAmGl0yvoEOzpl2dJ/aRkn5Xsm9NiuZLFkQc7YA8cAhucgzK4BlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9gfP4AeGSY5Q==</latexit>

y = Bw, w 2 Rn0

+

<latexit sha1_base64="mqe9l6knl9c0IKKQc3diFNr1fbY=">AAACEnicbVDLSgMxFM3UVx1fVZdugkXQTZkRUZelblxWsA/olCGT3rahmcyQZMQy7Te48VfcuFDErSt3/o1pO4K2Hgg5nHMv994TxJwp7ThfVm5peWV1Lb9ub2xube8UdvfqKkokhRqNeCSbAVHAmYCaZppDM5ZAwoBDIxhcTfzGHUjFInGrhzG0Q9ITrMso0UbyCydeAD0m0pBoye7H9gh7Hq747uQb2R6Izo/lF4pOyZkCLxI3I0WUoeoXPr1ORJMQhKacKNVynVi3UyI1oxzGtpcoiAkdkB60DBUkBNVOpyeN8ZFROrgbSfOExlP1d0dKQqWGYWAqzX59Ne9NxP+8VqK7l+2UiTjRIOhsUDfhWEd4kg/uMAlU86EhhEpmdsW0TySh2qRomxDc+ZMXSf205J6X3JuzYrmSxZFHB+gQHSMXXaAyukZVVEMUPaAn9IJerUfr2Xqz3melOSvr2Ud/YH18AyaxnSc=</latexit>

|
B1

|

<latexit sha1_base64="6/BU7j5mIcbDB90AJqQjAJP3nHQ=">AAACEnicbVDLSgMxFM34rOOr6tJNsAi6KTNF1GWpG5cV7AM6ZchkbtvQTGZIMmKZ9hvc+CtuXCji1pU7/8b0IWjrgZDDOfdy7z1BwpnSjvNlLS2vrK6t5zbsza3tnd383n5dxamkUKMxj2UzIAo4E1DTTHNoJhJIFHBoBP2rsd+4A6lYLG71IIF2RLqCdRgl2kh+/tQLoMtEFhEt2f3IHmLPwxW/NP6Gtgci/LH8fMEpOhPgReLOSAHNUPXzn14Y0zQCoSknSrVcJ9HtjEjNKIeR7aUKEkL7pAstQwWJQLWzyUkjfGyUEHdiaZ7QeKL+7shIpNQgCkyl2a+n5r2x+J/XSnXnsp0xkaQaBJ0O6qQc6xiP88Ehk0A1HxhCqGRmV0x7RBKqTYq2CcGdP3mR1EtF97zo3pwVypVZHDl0iI7QCXLRBSqja1RFNUTRA3pCL+jVerSerTfrfVq6ZM16DtAfWB/fKEedKA==</latexit>

|
B2

|

<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="OcIX9tc2vW6ZYrr4h2UJXY+U2KA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkyHSkSCUbRSp8/CBA0ZVGtu3Z2DrBKvIDUo0BxUv/phwrKYK2SSGtPz3BT9nGoUTPJppZ8ZnlI2pkPes1TRmBs/n587JWdWCUmUaFsKyVz9PZHT2JhJHNjOmOLILHsz8T+vl2F04+dCpRlyxRaLokwSTMjsdxIKzRnKiSWUaWFvJWxENWVoE6rYELzll1dJ+6LuXdW9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AAhFj18=</latexit>· · ·<latexit sha1_base64="X58hVXSWlT250Z0J90I56GnSuT8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ6sVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdF+/7pcrbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6ZScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZm+TgdCcoZxYQpkW9lbCRlRThjackg3BW375L2mdVb2Lqnd3XqnV8ziKcATHcAoeXEINbqEBTWAQwhO8wKszdp6dN+d90Vpw8plD+AXn4xsYAo0T</latexit>

B =

<latexit sha1_base64="0n/mNmwynxp5Trd1fFkImxyupMo=">AAACE3icbVDLSgMxFM3UVx1fVZdugkUQF2VGRF2WunFZwT6gU4ZMetuGZjJDkhHLtP/gxl9x40IRt27c+Tem7QjaeiDkcM693HtPEHOmtON8Wbml5ZXVtfy6vbG5tb1T2N2rqyiRFGo04pFsBkQBZwJqmmkOzVgCCQMOjWBwNfEbdyAVi8StHsbQDklPsC6jRBvJL5x4AfSYSEOiJbsf2yPseXbFF5NvhG0PROfH8wtFp+RMgReJm5EiylD1C59eJ6JJCEJTTpRquU6s2ymRmlEOY9tLFMSEDkgPWoYKEoJqp9ObxvjIKB3cjaR5QuOp+rsjJaFSwzAwlWa/vpr3JuJ/XivR3ct2ykScaBB0NqibcKwjPAkId5gEqvnQEEIlM7ti2ieSUG1itE0I7vzJi6R+WnLPS+7NWbFcyeLIowN0iI6Riy5QGV2jKqohih7QE3pBr9aj9Wy9We+z0pyV9eyjP7A+vgGi851i</latexit>

|
Bn

|

<latexit sha1_base64="HWskVd8j+MxQ1Oh87r52gB9+y7w=">AAACEnicbVDLSgMxFM34rOOr6tJNsAi6KTNF1GWxG5cV7AM6Zcikt21oJjMkGbFM+w1u/BU3LhRx68qdf2PajqCtB0IO59zLvfcEMWdKO86XtbS8srq2ntuwN7e2d3bze/t1FSWSQo1GPJLNgCjgTEBNM82hGUsgYcChEQwqE79xB1KxSNzqYQztkPQE6zJKtJH8/KkXQI+JNCRasvuxPcKehyt+afKNbA9E58fy8wWn6EyBF4mbkQLKUPXzn14nokkIQlNOlGq5TqzbKZGaUQ5j20sUxIQOSA9ahgoSgmqn05PG+NgoHdyNpHlC46n6uyMloVLDMDCVZr++mvcm4n9eK9Hdy3bKRJxoEHQ2qJtwrCM8yQd3mASq+dAQQiUzu2LaJ5JQbVK0TQju/MmLpF4quudF9+asUL7K4sihQ3SETpCLLlAZXaMqqiGKHtATekGv1qP1bL1Z77PSJSvrOUB/YH18AynfnSk=</latexit>

|
C2

|

<latexit sha1_base64="IX2O8Q3svTuqNQpiA2VEaC4Bet8=">AAACEnicbVDLSgMxFM3UVx1fVZdugkXQTZkRUZfFblxWsA/olCGT3rahmcyQZMQy7Te48VfcuFDErSt3/o1pO4K2Hgg5nHMv994TxJwp7ThfVm5peWV1Lb9ub2xube8UdvfqKkokhRqNeCSbAVHAmYCaZppDM5ZAwoBDIxhUJn7jDqRikbjVwxjaIekJ1mWUaCP5hRMvgB4TaUi0ZPdje4Q9D1d8d/KNbA9E58fyC0Wn5EyBF4mbkSLKUPULn14nokkIQlNOlGq5TqzbKZGaUQ5j20sUxIQOSA9ahgoSgmqn05PG+MgoHdyNpHlC46n6uyMloVLDMDCVZr++mvcm4n9eK9Hdy3bKRJxoEHQ2qJtwrCM8yQd3mASq+dAQQiUzu2LaJ5JQbVK0TQju/MmLpH5acs9L7s1ZsXyVxZFHB+gQHSMXXaAyukZVVEMUPaAn9IJerUfr2Xqz3melOSvr2Ud/YH18AyhJnSg=</latexit>

|
C1

|

<latexit sha1_base64="lTxBZ6/TBUM2luSjJNbMHXDp/Dk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvBuD7z249cGxGrB5wk3I/oUIlQMIpWuq9f98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dEpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb/8l7TOqt5F1bs7r9Ru8jiKcATHcAoeXEINbqEBTWAQwhO8wKszdp6dN+d90Vpw8plD+AXn4xsZh40U</latexit>

C =

<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="OcIX9tc2vW6ZYrr4h2UJXY+U2KA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkyHSkSCUbRSp8/CBA0ZVGtu3Z2DrBKvIDUo0BxUv/phwrKYK2SSGtPz3BT9nGoUTPJppZ8ZnlI2pkPes1TRmBs/n587JWdWCUmUaFsKyVz9PZHT2JhJHNjOmOLILHsz8T+vl2F04+dCpRlyxRaLokwSTMjsdxIKzRnKiSWUaWFvJWxENWVoE6rYELzll1dJ+6LuXdW9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AAhFj18=</latexit>· · ·

<latexit sha1_base64="KD8IzvzYiDsqreAQvJyeT2NIdIY=">AAACFnicbZDLSsNAFIYnXmu8VV26GSyiG0sioi6L3bisYC/QlDKZnrRDJ5MwMxFLmqdw46u4caGIW3Hn2zi9CNp6YODj/89hzvn9mDOlHefLWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHsmGTxRwJqCqmebQiCWQ0OdQ9/vlkV+/A6lYJG71IIZWSLqCBYwSbaR2/sTzoctEGhIt2X1mD7Hn2eV2Ko6yEQ2x7YHo/NjtfMEpOuPC8+BOoYCmVWnnP71ORJMQhKacKNV0nVi3UiI1oxwy20sUxIT2SReaBgUJQbXS8VkZPjRKBweRNE9oPFZ/T6QkVGoQ+qbT7NdTs95I/M9rJjq4bKVMxIkGQScfBQnHOsKjjHCHSaCaDwwQKpnZFdMekYRqk6RtQnBnT56H2mnRPS+6N2eF0tU0jhzaRwfoGLnoApXQNaqgKqLoAT2hF/RqPVrP1pv1PmldsKYze+hPWR/f91SeoA==</latexit>

|
Cn0

|

<latexit sha1_base64="ORxCrddCTeXNzWHqjVQ73FpOrdY=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURUZdFNy4j2gc0oUymk3boZBJmJkINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlLbtb6u0tLyyulZer2xsbm3vVHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORte5336gUrFY3OtxQv0IDwQLGcHaSL3qgecy5DGBvAjrYRBkd5OekWt23Z4CLRKnIDUo4PaqX14/JmlEhSYcK9V17ET7GZaaEU4nFS9VNMFkhAe0a6jAEVV+Nk0/QcdG6aMwluYJjabq740MR0qNo8BM5hnVvJeL/3ndVIeXfsZEkmoqyOxQmHKkY5RXgfpMUqL52BBMJDNZERliiYk2hVVMCc78lxdJ67TunNed27Na46qoowyHcAQn4MAFNOAGXGgCgUd4hld4s56sF+vd+piNlqxiZx/+wPr8AeiNlOM=</latexit>

⇧ 2 Sn

Find <latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�s.t. <latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�
<latexit sha1_base64="56I0h5X3TCsHhU8X50dKvSMFV/s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ66OqUMXwkLumVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NLp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkEo2BG/x5WXSPKt6F1Xv7rxSu87jKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMW8tOPnMIfyB8/kDldaQNA==</latexit>⌫ 0

If
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�
<latexit sha1_base64="ygBqMuA7C5Foum+lP8yqATnT9ZU=">AAAB73icbVBNS8NAFHypXzV+VT16WSyCp5KIqMeiF48VbC20oWy2m3bpZhN3X4QS+ie8eFDEq3/Hm//GbZuDtj5YGGbmsW8mTKUw6HnfTmlldW19o7zpbm3v7O5V9g9aJsk0402WyES3Q2q4FIo3UaDk7VRzGoeSP4Sjm6n+8MS1EYm6x3HKg5gOlIgEo2ipttu1bka8XqXq1bzZkGXgF6AKxTR6la9uP2FZzBUySY3p+F6KQU41Cib5xO1mhqeUjeiAdyxUNOYmyGf3TsiJZfokSrR9CsmM/b2R09iYcRxaZ0xxaBa1Kfmf1skwugpyodIMuWLzj6JMEkzINDzpC5sW5dgCyrSwtxI2pJoytBW5tgR/MfIyaJ3V/Iuaf3derV8XdZThCI7hFHy4hDrcQgOawEDCM7zCm/PovDjvzsfcWnKKnUP4M87nD9bujzA=</latexit>� 0

then 

 
Find certificate  

 
Use certificate to 

guarantee condition… 

Desired Condition

<latexit sha1_base64="Cgcw6GkGHmxLJ4x3VI0YVLcZaVM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQlJKIqBuh1I3LKvYBTQyT6bQdOpmEmUmxhGzd+CtuXCji1j9w5984abPQ1gMXDufcy733+BGjUlnWt1FYWFxaXimultbWNza3zO2dpgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT84VXmt0ZESBryOzWOiBugPqc9ipHSkmfCB3gJa6Nj6MARdCiHToDUwPeT29Q7uk946pllq2JNAOeJnZMyyFH3zC+nG+I4IFxhhqTs2Fak3AQJRTEjacmJJYkQHqI+6WjKUUCkm0w+SeGBVrqwFwpdXMGJ+nsiQYGU48DXndmdctbLxP+8Tqx6F25CeRQrwvF0US9mUIUwiwV2qSBYsbEmCAuqb4V4gATCSodX0iHYsy/Pk+ZJxT6r2Den5Wotj6MI9sA+OAQ2OAdVcA3qoAEweATP4BW8GU/Gi/FufExbC0Y+swv+wPj8AQjAmLE=</latexit>

x = Bv, v 2 Rn
+

<latexit sha1_base64="BEcDJsgTJr5zQDsZrn3ySSwcJZE=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0UUlJKIqBuh1I3LKvYBTS2T6bQdOpmEmYklhKzd+CtuXCji1i9w5984abPQ1gMXDufcy733uAGjUlnWt5Gbm19YXMovF1ZW19Y3zM2tuvRDgUkN+8wXTRdJwignNUUVI81AEOS5jDTc4VXqNx6IkNTndyoKSNtDfU57FCOlpY65G8FLWBkdQweOoEM5dDykBq4b3yado/uYHyQds2iVrDHgLLEzUgQZqh3zy+n6OPQIV5ghKVu2Fah2jISimJGk4ISSBAgPUZ+0NOXII7Idj19J4L5WurDnC11cwbH6eyJGnpSR5+rO9FA57aXif14rVL2Ldkx5ECrC8WRRL2RQ+TDNBXapIFixSBOEBdW3QjxAAmGl0yvoEOzpl2dJ/aRkn5Xsm9NiuZLFkQc7YA8cAhucgzK4BlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9gfP4AeGSY5Q==</latexit>

y = Bw, w 2 Rn0

+

<latexit sha1_base64="o6MA1P7FG6/WFX1jDuZxYIKeK3I=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMyIqMuiG5cV7AM6dcikt21oJjMkGWmZ9ifc+CtuXCjiVnDn35i2g2jrgYTDOfdy7z1BzJnSjvNlLSwuLa+s5tbs9Y3Nre38zm5VRYmkUKERj2Q9IAo4E1DRTHOoxxJIGHCoBb2rsV+7B6lYJG71IIZmSDqCtRkl2kh+/tgLoMNEGoRES9Yf2f4Qe57dH393Q2x7IFo/pp8vOEVnAjxP3IwUUIayn//0WhFNQhCacqJUw3Vi3UyJ1IxyGNleoiAmtEc60DBUkBBUM51cNcKHRmnhdiTNExpP1N8dKQmVGoSBqTT7ddWsNxb/8xqJbl80UybiRIOg00HthGMd4XFEuMUkUM0HhhAqmdkV0y6RhGoTpG1CcGdPnifVk6J7VnRvTgulyyyOHNpHB+gIuegcldA1KqMKougBPaEX9Go9Ws/Wm/U+LV2wsp499AfWxzdy5J5g</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="fg3oizYGEuJ1lfB6Zh7kaqDwbZs=">AAACF3icbVDLSgMxFM3UVx1foy7dBIvgqsyIqMuiG5cV+oJOWzLpbRuayQxJRlqm/Qs3/oobF4q41Z1/Y/pAtPVAwuGce7n3niDmTGnX/bIyK6tr6xvZTXtre2d3z9k/qKgokRTKNOKRrAVEAWcCypppDrVYAgkDDtWgfzPxq/cgFYtESQ9jaISkK1iHUaKN1HLyfgBdJtIgJFqywdhujbDv24PJ1xxh2wfR/jGbpZaTc/PuFHiZeHOSQ3MUW86n345oEoLQlBOl6p4b60ZKpGaUw9j2EwUxoX3ShbqhgoSgGun0rjE+MUobdyJpntB4qv7uSEmo1DAMTKXZsKcWvYn4n1dPdOeqkTIRJxoEnQ3qJBzrCE9Cwm0mgWo+NIRQycyumPaIJFSbKG0Tgrd48jKpnOW9i7x3d54rXM/jyKIjdIxOkYcuUQHdoiIqI4oe0BN6Qa/Wo/VsvVnvs9KMNe85RH9gfXwD67ufJg==</latexit>2

4
|
x
|

3

5
T

<latexit sha1_base64="qxfnKPV2VHsmR8vv8vjzTV10oPQ=">AAACF3icbVDLSgMxFM34rOOr6tJNsAiuyoyIuiy6cVmhL+i0Qya9bUMzmSHJiMO0f+HGX3HjQhG3uvNvTB+Ith5IOJxzL/feE8ScKe04X9bS8srq2npuw97c2t7Zze/t11SUSApVGvFINgKigDMBVc00h0YsgYQBh3owuB779TuQikWiotMYWiHpCdZllGgj+fmiF0CPiSwIiZbsfmT7Q+x5djr+2kNseyA6P2a74ucLTtGZAC8Sd0YKaIayn//0OhFNQhCacqJU03Vi3cqI1IxyGNleoiAmdEB60DRUkBBUK5vcNcLHRungbiTNExpP1N8dGQmVSsPAVJoN+2reG4v/ec1Edy9bGRNxokHQ6aBuwrGO8Dgk3GESqOapIYRKZnbFtE8kodpEaZsQ3PmTF0nttOieF93bs0LpahZHDh2iI3SCXHSBSugGlVEVUfSAntALerUerWfrzXqfli5Zs54D9AfWxzftVp8n</latexit>2

4
|
y
|

3

5
T

<latexit sha1_base64="qxfnKPV2VHsmR8vv8vjzTV10oPQ=">AAACF3icbVDLSgMxFM34rOOr6tJNsAiuyoyIuiy6cVmhL+i0Qya9bUMzmSHJiMO0f+HGX3HjQhG3uvNvTB+Ith5IOJxzL/feE8ScKe04X9bS8srq2npuw97c2t7Zze/t11SUSApVGvFINgKigDMBVc00h0YsgYQBh3owuB779TuQikWiotMYWiHpCdZllGgj+fmiF0CPiSwIiZbsfmT7Q+x5djr+2kNseyA6P2a74ucLTtGZAC8Sd0YKaIayn//0OhFNQhCacqJU03Vi3cqI1IxyGNleoiAmdEB60DRUkBBUK5vcNcLHRungbiTNExpP1N8dGQmVSsPAVJoN+2reG4v/ec1Edy9bGRNxokHQ6aBuwrGO8Dgk3GESqOapIYRKZnbFtE8kodpEaZsQ3PmTF0nttOieF93bs0LpahZHDh2iI3SCXHSBSugGlVEVUfSAntALerUerWfrzXqfli5Zs54D9AfWxzftVp8n</latexit>2

4
|
y
|

3

5
T

Failure Cases:

<latexit sha1_base64="FA8o/KpbsS7MQNYZ3HKUnnsqzU0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpF262cTdTaGE/g4vHhTx6o/x5r9x0+agrQ8GHu/NMDPPTzhT2nG+rdLa+sbmVnm7srO7t39QPTxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98l/udCUrFYvGopwl6ERkKFjJKtJG8fioClD6RmT+rDKo1p+7MYa8StyA1KNAcVL/6QUzTCIWmnCjVc51EexmRmlGOs0o/VZgQOiZD7BkqSITKy+ZHz+wzowR2GEtTQttz9fdERiKlppFvOiOiR2rZy8X/vF6qwxsvYyJJNQq6WBSm3NaxnSdgB0wi1XxqCKGSmVttOiKSUG1yykNwl19eJe2LuntVdx8ua43bIo4ynMApnIML19CAe2hCCyg8wTO8wps1sV6sd+tj0Vqyiplj+APr8we+8JIV</latexit>

b
<latexit sha1_base64="ewa8vJX+10dmjDpk+E59ZB/SMX4=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E7GG/BIvHhTx6k/x5r9x0+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmWrur2zu1ez9w86Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPJTeF3H5jSPJb3ME2YH5GR5CGnBIw0sGteQFTmAXuELMjz6sCuOw1nBrxM3JLUUYnWwP7yhjFNIyaBCqJ133US8DOigFPB8qqXapYQOiEj1jdUkohpP5sdnuMTowxxGCtTEvBM/T2RkUjraRSYzojAWC96hfif108hvPIzLpMUmKTzRWEqMMS4SAEPuWIUxNQQQhU3t2I6JopQMFkVIbiLLy+TzlnDvWi4d+f15nUZRwUdoWN0ilx0iZroFrVQG1GUomf0it6sJ+vFerc+5q0rVjlziP7A+vwBCJ6TVQ==</latexit>

b̄

<latexit sha1_base64="aYvCH2h69ymw6EP5VfMLr3c7y/E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T941HGqGLZYLGLVCahGwSW2DDcCO4lCGgUC28H4JvfbT6g0j+WDmSToR3QoecgZNVa69yr9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofaz2aVTcmKVAQljZUsaMlN/T2Q00noSBbYzomakF71c/M/rpia88jMuk9SgZPNFYSqIiUn+NhlwhcyIiSWUKW5vJWxEFWXGhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHsNKMzw==</latexit>

1

<latexit sha1_base64="8OHEwdnHfF1zYEJ+QYe4+uiA7oU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpF262cTdTaGE/g4vHhTx6o/x5r9x0+agrQ8GHu/NMDPPTzhT2nG+rdLa+sbmVnm7srO7t39QPTxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98l/udCUrFYvGopwl6ERkKFjJKtJG8fioClD6RGZ1VBtWaU3fmsFeJW5AaFGgOql/9IKZphEJTTpTquU6ivYxIzSjHWaWfKkwIHZMh9gwVJELlZfOjZ/aZUQI7jKUpoe25+nsiI5FS08g3nRHRI7Xs5eJ/Xi/V4Y2XMZGkGgVdLApTbuvYzhOwAyaRaj41hFDJzK02HRFJqDY55SG4yy+vkvZF3b2quw+XtcZtEUcZTuAUzsGFa2jAPTShBRSe4Ble4c2aWC/Wu/WxaC1Zxcwx/IH1+QPAdpIW</latexit>c

<latexit sha1_base64="aYvCH2h69ymw6EP5VfMLr3c7y/E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T941HGqGLZYLGLVCahGwSW2DDcCO4lCGgUC28H4JvfbT6g0j+WDmSToR3QoecgZNVa69yr9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofaz2aVTcmKVAQljZUsaMlN/T2Q00noSBbYzomakF71c/M/rpia88jMuk9SgZPNFYSqIiUn+NhlwhcyIiSWUKW5vJWxEFWXGhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHsNKMzw==</latexit>

1

<latexit sha1_base64="U8YjxhtDjw7lFeq+N2nHypfcijo=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E7GG/BIvHhTx6k/x5r9x0+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmWrur2zu1ez9w86Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPJTeF3H5jSPJb3ME2YH5GR5CGnBIw0sGteQFTmAXuEjOZ5dWDXnYYzA14mbknqqERrYH95w5imEZNABdG67zoJ+BlRwKlgedVLNUsInZAR6xsqScS0n80Oz/GJUYY4jJUpCXim/p7ISKT1NApMZ0RgrBe9QvzP66cQXvkZl0kKTNL5ojAVGGJcpICHXDEKYmoIoYqbWzEdE0UomKyKENzFl5dJ56zhXjTcu/N687qMo4KO0DE6RS66RE10i1qojShK0TN6RW/Wk/VivVsf89YVq5w5RH9gff4ACiWTVg==</latexit>

c̄

 no certificate     …
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�

<latexit sha1_base64="DCt5r2QP3A2jTTvpwvOGgEYa6mE=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ6KomIeiz14rGC/YAmlM122i7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMwLEykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbITMghYIGCpTQTjSwKJTQCke3U7/1CNqIWD3gOIEgYgMl+oIztJJf6wof4QmzMzPplspuxZ2BLhMvJ2WSo94tffm9mKcRKOSSGdPx3ASDjGkUXMKk6KcGEsZHbAAdSxWLwATZ7OYJPbVKj/ZjbUshnam/JzIWGTOOQtsZMRyaRW8q/ud1UuzfBJlQSYqg+HxRP5UUYzoNgPaEBo5ybAnjWthbKR8yzTjamIo2BG/x5WXSvKh4VxXv/rJcreVxFMgxOSHnxCPXpEruSJ00CCcJeSav5M1JnRfn3fmYt644+cwR+QPn8wcQh5G1</latexit>

Bi’s

<latexit sha1_base64="1MowJRb07j8Sm4/4WoI4v+XzK8g=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvoqSQi6rHYi8cK9gOaUDbbSbt2swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmFldW19o7hZ2tre2d0r7x+0dJwqBk0Wi1h1AqpBcAlN5CigkyigUSCgHYzqU7/9CErzWN7jOAE/ogPJQ84oGsmr9x48hCfMTvWkV644VWcGe5m4OamQHI1e+cvrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZjdP7BOj9O0wVqYk2jP190RGI63HUWA6I4pDvehNxf+8borhtZ9xmaQIks0XhamwMbanAdh9roChGBtCmeLmVpsNqaIMTUwlE4K7+PIyaZ1X3cuqe3dRqd3kcRTJETkmZ8QlV6RGbkmDNAkjCXkmr+TNSq0X6936mLcWrHzmkPyB9fkDE6ORtw==</latexit>

Cj ’s

 no certificate     …
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�



Quadratic forms: matrix invertibility/subspace separation
Quadratic Form: 

<latexit sha1_base64="C7wHNANVsBMGs5Y5UG7p7e34+Vc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUr9gFNLJPptB06mYSZG6GErNz4K25cKOLWb3Dn3zhpu9DWAwNnzrmXe+8JYsE1OM63VVhaXlldK66XNja3tnfs3b2mjhJFWYNGIlLtgGgmuGQN4CBYO1aMhIFgrWB0nfutB6Y0j+QdjGPmh2QgeZ9TAkbq2od17HGJvZDAMAjS2+w+NT/gIdNYZl277FScCfAicWekjGaode0vrxfRJGQSqCBad1wnBj8lCjgVLCt5iWYxoSMyYB1DJTFz/HRyRoaPjdLD/UiZJwFP1N8dKQm1HoeBqczX1fNeLv7ndRLoX/opl3ECTNLpoH4iMEQ4zwT3uGIUxNgQQhU3u2I6JIpQMMmVTAju/MmLpHlacc8rbv2sXL2axVFEB+gInSAXXaAqukE11EAUPaJn9IrerCfrxXq3PqalBWvWs4/+wPr8AaFcmJs=</latexit>

Q 2 Rn⇥n
<latexit sha1_base64="c9c33Act8F/P3FRrax4xb8n7TaY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAnlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7md+6wmV5rGsm3GCfkQHkoecUWOlVo3cktpjvVcsuWV3DrJKvIyUIEO1V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt+eZU0L8reVdmrXZYqd1kceTiBUzgHD66hAg9QhQYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kD1ZKOlw==</latexit>

Q = QT<latexit sha1_base64="vkgJ5Xhm/ZcdbNK0HsU9kvIvjio=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiol6EohePLfQL2lg22027dLMJuxtpCf0bXjwo4tU/481/4zbNQVsfDDzem2FmnhdxprRtf1u5tfWNza38dmFnd2//oHh41FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76f++0nKhULRUNPI+oGeCiYzwjWRur55ck5ukWTx0Z90i+W7IqdAq0SJyMlyFDrF796g5DEARWacKxU17Ej7SZYakY4nRV6saIRJmM8pF1DBQ6ocpP05hk6M8oA+aE0JTRK1d8TCQ6Umgae6QywHqllby7+53Vj7d+4CRNRrKkgi0V+zJEO0TwANGCSEs2nhmAimbkVkRGWmGgTU8GE4Cy/vEpaFxXnquLUL0vVuyyOPJzAKZTBgWuowgPUoAkEIniGV3izYuvFerc+Fq05K5s5hj+wPn8AWEOQlw==</latexit>

f(x) = xTQx

Example 1

<latexit sha1_base64="YIpQXLY7WgPPpw/dFMtGnUPjIYU=">AAACFnicbZDLSsNAFIYn9VbjLerSzWBR3FgSEXVZdOOygr1AU8pketoOnUzCzEQsoU/hxldx40IRt+LOt3HSBtTWAwMf/38Oc84fxJwp7bpfVmFhcWl5pbhqr61vbG452zt1FSWSQo1GPJLNgCjgTEBNM82hGUsgYcChEQyvMr9xB1KxSNzqUQztkPQF6zFKtJE6zrEfQJ+JNAiJlux+bHv4EAfY921qwLN9EN0fs+OU3LI7KTwPXg4llFe143z63YgmIQhNOVGq5bmxbqdEakY5jG0/URATOiR9aBkUJATVTidnjfGBUbq4F0nzhMYT9fdESkKlRmFgOs2CAzXrZeJ/XivRvYt2ykScaBB0+lEv4VhHOMsId5kEqvnIAKGSmV0xHRBJqDZJZiF4syfPQ/2k7J2VvZvTUuUyj6OI9tA+OkIeOkcVdI2qqIYoekBP6AW9Wo/Ws/VmvU9bC1Y+s4v+lPXxDbyQnTg=</latexit>
1 b
c 1

�

<latexit sha1_base64="ORxCrddCTeXNzWHqjVQ73FpOrdY=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURUZdFNy4j2gc0oUymk3boZBJmJkINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlLbtb6u0tLyyulZer2xsbm3vVHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORte5336gUrFY3OtxQv0IDwQLGcHaSL3qgecy5DGBvAjrYRBkd5OekWt23Z4CLRKnIDUo4PaqX14/JmlEhSYcK9V17ET7GZaaEU4nFS9VNMFkhAe0a6jAEVV+Nk0/QcdG6aMwluYJjabq740MR0qNo8BM5hnVvJeL/3ndVIeXfsZEkmoqyOxQmHKkY5RXgfpMUqL52BBMJDNZERliiYk2hVVMCc78lxdJ67TunNed27Na46qoowyHcAQn4MAFNOAGXGgCgUd4hld4s56sF+vd+piNlqxiZx/+wPr8AeiNlOM=</latexit>

⇧ 2 Sn

<latexit sha1_base64="FA8o/KpbsS7MQNYZ3HKUnnsqzU0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpF262cTdTaGE/g4vHhTx6o/x5r9x0+agrQ8GHu/NMDPPTzhT2nG+rdLa+sbmVnm7srO7t39QPTxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98l/udCUrFYvGopwl6ERkKFjJKtJG8fioClD6RmT+rDKo1p+7MYa8StyA1KNAcVL/6QUzTCIWmnCjVc51EexmRmlGOs0o/VZgQOiZD7BkqSITKy+ZHz+wzowR2GEtTQttz9fdERiKlppFvOiOiR2rZy8X/vF6qwxsvYyJJNQq6WBSm3NaxnSdgB0wi1XxqCKGSmVttOiKSUG1yykNwl19eJe2LuntVdx8ua43bIo4ynMApnIML19CAe2hCCyg8wTO8wps1sV6sd+tj0Vqyiplj+APr8we+8JIV</latexit>

b
<latexit sha1_base64="ewa8vJX+10dmjDpk+E59ZB/SMX4=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E7GG/BIvHhTx6k/x5r9x0+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmWrur2zu1ez9w86Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPJTeF3H5jSPJb3ME2YH5GR5CGnBIw0sGteQFTmAXuELMjz6sCuOw1nBrxM3JLUUYnWwP7yhjFNIyaBCqJ133US8DOigFPB8qqXapYQOiEj1jdUkohpP5sdnuMTowxxGCtTEvBM/T2RkUjraRSYzojAWC96hfif108hvPIzLpMUmKTzRWEqMMS4SAEPuWIUxNQQQhU3t2I6JopQMFkVIbiLLy+TzlnDvWi4d+f15nUZRwUdoWN0ilx0iZroFrVQG1GUomf0it6sJ+vFerc+5q0rVjlziP7A+vwBCJ6TVQ==</latexit>

b̄
<latexit sha1_base64="JIlKkgLd9GYPUj3yKZxwLAf+suU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN7nffuLaiFg94CThfkSHSoSCUbTSfVDpV2tu3Z2BLBOvIDUo0OxXv3qDmKURV8gkNabruQn6GdUomOTTSi81PKFsTIe8a6miETd+Nrt0Sk6sMiBhrG0pJDP190RGI2MmUWA7I4ojs+jl4n9eN8Xwys+ESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH+0eNAA==</latexit>

b

<latexit sha1_base64="aYvCH2h69ymw6EP5VfMLr3c7y/E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T941HGqGLZYLGLVCahGwSW2DDcCO4lCGgUC28H4JvfbT6g0j+WDmSToR3QoecgZNVa69yr9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofaz2aVTcmKVAQljZUsaMlN/T2Q00noSBbYzomakF71c/M/rpia88jMuk9SgZPNFYSqIiUn+NhlwhcyIiSWUKW5vJWxEFWXGhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHsNKMzw==</latexit>

1

<latexit sha1_base64="8OHEwdnHfF1zYEJ+QYe4+uiA7oU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpF262cTdTaGE/g4vHhTx6o/x5r9x0+agrQ8GHu/NMDPPTzhT2nG+rdLa+sbmVnm7srO7t39QPTxqqziVFFs05rHs+kQhZwJbmmmO3UQiiXyOHX98l/udCUrFYvGopwl6ERkKFjJKtJG8fioClD6RGZ1VBtWaU3fmsFeJW5AaFGgOql/9IKZphEJTTpTquU6ivYxIzSjHWaWfKkwIHZMh9gwVJELlZfOjZ/aZUQI7jKUpoe25+nsiI5FS08g3nRHRI7Xs5eJ/Xi/V4Y2XMZGkGgVdLApTbuvYzhOwAyaRaj41hFDJzK02HRFJqDY55SG4yy+vkvZF3b2quw+XtcZtEUcZTuAUzsGFa2jAPTShBRSe4Ble4c2aWC/Wu/WxaC1Zxcwx/IH1+QPAdpIW</latexit>c

<latexit sha1_base64="U8YjxhtDjw7lFeq+N2nHypfcijo=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E7GG/BIvHhTx6k/x5r9x0+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmWrur2zu1ez9w86Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPJTeF3H5jSPJb3ME2YH5GR5CGnBIw0sGteQFTmAXuEjOZ5dWDXnYYzA14mbknqqERrYH95w5imEZNABdG67zoJ+BlRwKlgedVLNUsInZAR6xsqScS0n80Oz/GJUYY4jJUpCXim/p7ISKT1NApMZ0RgrBe9QvzP66cQXvkZl0kKTNL5ojAVGGJcpICHXDEKYmoIoYqbWzEdE0UomKyKENzFl5dJ56zhXjTcu/N687qMo4KO0DE6RS66RE10i1qojShK0TN6RW/Wk/VivVsf89YVq5w5RH9gff4ACiWTVg==</latexit>

c̄

<latexit sha1_base64="y0AG5APw9wGNcAd7gW4VG6KTT5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUYP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AyF2M7Q==</latexit>c
<latexit sha1_base64="aYvCH2h69ymw6EP5VfMLr3c7y/E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq1hbaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T941HGqGLZYLGLVCahGwSW2DDcCO4lCGgUC28H4JvfbT6g0j+WDmSToR3QoecgZNVa69yr9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofaz2aVTcmKVAQljZUsaMlN/T2Q00noSBbYzomakF71c/M/rpia88jMuk9SgZPNFYSqIiUn+NhlwhcyIiSWUKW5vJWxEFWXGhpOH4C2+vEwez+reRd27O681ros4ynAEx3AKHlxCA26hCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHsNKMzw==</latexit>

1

<latexit sha1_base64="XKQKPS+Zf0t/ovNoGHHuVCdexEU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXjxGMCaQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLK6tr6RnmzsrW9s7tX3T94NCrVhLaI4kp3ImwoZ5K2LLOcdhJNsYg4bUfj29xvP1FtmJIPdpLQUOChZDEj2OZScBaRfrXm1/0Z0DIJClKDAs1+9as3UCQVVFrCsTHdwE9smGFtGeF0WumlhiaYjPGQdh2VWFATZrNbp+jEKQMUK+1KWjRTf09kWBgzEZHrFNiOzKKXi/953dTG12HGZJJaKsl8UZxyZBXKH0cDpimxfOIIJpq5WxEZYY2JdfFUXAjB4svL5PG8HlzWg/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifP1t8jcs=</latexit>

1� bc invertible  invertible

<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()
<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()

Desired Condition

<latexit sha1_base64="dTxnDNTvvPbvbts58lYbGEyTtOQ=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLCbtB1DJoYxnBPCC7hNnJTTJkdnaZuSuGJf9h46/YWChiJVj4N04ehSYeGDiccy537gkTKQy67reztLyyurae28hvbm3v7Bb29usmTjWHGo9lrJshMyCFghoKlNBMNLAolNAIB9djv3EP2ohY3eEwgSBiPSW6gjO0UrtQ5tQXivqh6LUo9VPVAR0ynfHRKfWtbKmP8IBWGNFJLGgXim7JnYAuEm9GimSGarvw6XdinkagkEtmTMtzEwwyplFwCaO8nxpIGB+wHrQsVSwCE2ST20b02Cod2o21fQrpRP09kbHImGEU2mTEsG/mvbH4n9dKsXsZZEIlKYLi00XdVFKM6bgo2hEaOMqhJYxrYf9KeZ9pxtHWmbclePMnL5J6ueSdl7zbs2LlalZHjhySI3JCPHJBKuSGVEmNcPJInskreXOenBfn3fmYRpec2cwB+QPn6we/UKCm</latexit>

c 2
⇥
c, c̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

<latexit sha1_base64="M1NnwoAVSf1oXK40x5vS0clKAw4=">AAACG3icbVBNSwMxFMz6WetX1aOXYBE8SNktoh6LXjxWsFXoLiVJX9vQbHZJ3opl6f/w4l/x4kERT4IH/41p7UGrA4FhZh4vb3iqpEXf//Tm5hcWl5YLK8XVtfWNzdLWdtMmmRHQEIlKzA1nFpTU0ECJCm5SAyzmCq754HzsX9+CsTLRVzhMIYpZT8uuFAyd1C5VOQ2lpiGXvRalYaY7YDgzOR8d0tDJjoYId+iEEZ3Eonap7Ff8CehfEkxJmUxRb5few04ishg0CsWsbQV+ilHODEqhYFQMMwspEwPWg5ajmsVgo3xy24juO6VDu4lxTyOdqD8nchZbO4y5S8YM+3bWG4v/ea0Mu6dRLnWaIWjxvaibKYoJHRdFO9KAQDV0hAkj3V+p6DPDBLo6i66EYPbkv6RZrQTHleDyqFw7m9ZRILtkjxyQgJyQGrkgddIggtyTR/JMXrwH78l79d6+o3PedGaH/IL38QW6cKCj</latexit>

b 2
⇥
b, b̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

Find <latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�s.t.
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�<latexit sha1_base64="KQ3DKzJzyo0T45D3YpDo4hMbSjM=">AAACEXicbVBNS8NAEN3Urxq/oh69LBahp5KIqMeiF48V+gVNLZvNtF262YTdjVhC/4IX/4oXD4p49ebNf+O2DaLVBwOP92aYmRcknCntup9WYWl5ZXWtuG5vbG5t7zi7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVjC6nfusWpGKxqOtxAt2IDATrM0q0kXpO2Q9gwEQWRERLdjfBdoB9H3vY9kGE3/JNveeU3Io7A/5LvJyUUI5az/nww5imEQhNOVGq47mJ7mZEakY5TGw/VZAQOiID6BgqSASqm80+muAjo4S4H0tTQuOZ+nMiI5FS4ygwnebCoVr0puJ/XifV/fNuxkSSahB0vqifcqxjPI0Hh0wC1XxsCKGSmVsxHRJJqDYh2iYEb/Hlv6R5XPFOK971Sal6kcdRRAfoEJWRh85QFV2hGmogiu7RI3pGL9aD9WS9Wm/z1oKVz+yjX7DevwA5/Zyk</latexit>
b
1

�T <latexit sha1_base64="KQ3DKzJzyo0T45D3YpDo4hMbSjM=">AAACEXicbVBNS8NAEN3Urxq/oh69LBahp5KIqMeiF48V+gVNLZvNtF262YTdjVhC/4IX/4oXD4p49ebNf+O2DaLVBwOP92aYmRcknCntup9WYWl5ZXWtuG5vbG5t7zi7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVjC6nfusWpGKxqOtxAt2IDATrM0q0kXpO2Q9gwEQWRERLdjfBdoB9H3vY9kGE3/JNveeU3Io7A/5LvJyUUI5az/nww5imEQhNOVGq47mJ7mZEakY5TGw/VZAQOiID6BgqSASqm80+muAjo4S4H0tTQuOZ+nMiI5FS4ygwnebCoVr0puJ/XifV/fNuxkSSahB0vqifcqxjPI0Hh0wC1XxsCKGSmVsxHRJJqDYh2iYEb/Hlv6R5XPFOK971Sal6kcdRRAfoEJWRh85QFV2hGmogiu7RI3pGL9aD9WS9Wm/z1oKVz+yjX7DevwA5/Zyk</latexit>
b
1

�T<latexit sha1_base64="56I0h5X3TCsHhU8X50dKvSMFV/s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ66OqUMXwkLumVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NLp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkEo2BG/x5WXSPKt6F1Xv7rxSu87jKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMW8tOPnMIfyB8/kDldaQNA==</latexit>⌫ 0

<latexit sha1_base64="M1NnwoAVSf1oXK40x5vS0clKAw4=">AAACG3icbVBNSwMxFMz6WetX1aOXYBE8SNktoh6LXjxWsFXoLiVJX9vQbHZJ3opl6f/w4l/x4kERT4IH/41p7UGrA4FhZh4vb3iqpEXf//Tm5hcWl5YLK8XVtfWNzdLWdtMmmRHQEIlKzA1nFpTU0ECJCm5SAyzmCq754HzsX9+CsTLRVzhMIYpZT8uuFAyd1C5VOQ2lpiGXvRalYaY7YDgzOR8d0tDJjoYId+iEEZ3Eonap7Ff8CehfEkxJmUxRb5few04ishg0CsWsbQV+ilHODEqhYFQMMwspEwPWg5ajmsVgo3xy24juO6VDu4lxTyOdqD8nchZbO4y5S8YM+3bWG4v/ea0Mu6dRLnWaIWjxvaibKYoJHRdFO9KAQDV0hAkj3V+p6DPDBLo6i66EYPbkv6RZrQTHleDyqFw7m9ZRILtkjxyQgJyQGrkgddIggtyTR/JMXrwH78l79d6+o3PedGaH/IL38QW6cKCj</latexit>

b 2
⇥
b, b̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

If
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�<latexit sha1_base64="GXiEC5XDPofsmjHRs1OYsA6/S9I=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE1GPRi8cK/RCaWDababt0swm7G7GE/gMv/hUvHhTx6tWb/8ZtG0RbHww83pthZl6QcKa043xZhYXFpeWV4mppbX1jc8ve3mmqOJUUGjTmsbwJiALOBDQ00xxuEgkkCji0gsHl2G/dgVQsFnU9TMCPSE+wLqNEG6ljH3oB9JjIgohoye5H2MWehyn2QIQ/4m29Y5edijMBniduTsooR61jf3phTNMIhKacKNV2nUT7GZGaUQ6jkpcqSAgdkB60DRUkAuVnk39G+MAoIe7G0pTQeKL+nshIpNQwCkynubCvZr2x+J/XTnX33M+YSFINgk4XdVOOdYzH4eCQSaCaDw0hVDJzK6Z9IgnVJsKSCcGdfXmeNI8r7mnFvT4pVy/yOIpoD+2jI+SiM1RFV6iGGoiiB/SEXtCr9Wg9W2/W+7S1YOUzu+gPrI9vwZqcfQ==</latexit>
1
c

�T <latexit sha1_base64="GXiEC5XDPofsmjHRs1OYsA6/S9I=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE1GPRi8cK/RCaWDababt0swm7G7GE/gMv/hUvHhTx6tWb/8ZtG0RbHww83pthZl6QcKa043xZhYXFpeWV4mppbX1jc8ve3mmqOJUUGjTmsbwJiALOBDQ00xxuEgkkCji0gsHl2G/dgVQsFnU9TMCPSE+wLqNEG6ljH3oB9JjIgohoye5H2MWehyn2QIQ/4m29Y5edijMBniduTsooR61jf3phTNMIhKacKNV2nUT7GZGaUQ6jkpcqSAgdkB60DRUkAuVnk39G+MAoIe7G0pTQeKL+nshIpNQwCkynubCvZr2x+J/XTnX33M+YSFINgk4XdVOOdYzH4eCQSaCaDw0hVDJzK6Z9IgnVJsKSCcGdfXmeNI8r7mnFvT4pVy/yOIpoD+2jI+SiM1RFV6iGGoiiB/SEXtCr9Wg9W2/W+7S1YOUzu+gPrI9vwZqcfQ==</latexit>
1
c

�T <latexit sha1_base64="ygBqMuA7C5Foum+lP8yqATnT9ZU=">AAAB73icbVBNS8NAFHypXzV+VT16WSyCp5KIqMeiF48VbC20oWy2m3bpZhN3X4QS+ie8eFDEq3/Hm//GbZuDtj5YGGbmsW8mTKUw6HnfTmlldW19o7zpbm3v7O5V9g9aJsk0402WyES3Q2q4FIo3UaDk7VRzGoeSP4Sjm6n+8MS1EYm6x3HKg5gOlIgEo2ipttu1bka8XqXq1bzZkGXgF6AKxTR6la9uP2FZzBUySY3p+F6KQU41Cib5xO1mhqeUjeiAdyxUNOYmyGf3TsiJZfokSrR9CsmM/b2R09iYcRxaZ0xxaBa1Kfmf1skwugpyodIMuWLzj6JMEkzINDzpC5sW5dgCyrSwtxI2pJoytBW5tgR/MfIyaJ3V/Iuaf3derV8XdZThCI7hFHy4hDrcQgOawEDCM7zCm/PovDjvzsfcWnKKnUP4M87nD9bujzA=</latexit>� 0

<latexit sha1_base64="dTxnDNTvvPbvbts58lYbGEyTtOQ=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLCbtB1DJoYxnBPCC7hNnJTTJkdnaZuSuGJf9h46/YWChiJVj4N04ehSYeGDiccy537gkTKQy67reztLyyurae28hvbm3v7Bb29usmTjWHGo9lrJshMyCFghoKlNBMNLAolNAIB9djv3EP2ohY3eEwgSBiPSW6gjO0UrtQ5tQXivqh6LUo9VPVAR0ynfHRKfWtbKmP8IBWGNFJLGgXim7JnYAuEm9GimSGarvw6XdinkagkEtmTMtzEwwyplFwCaO8nxpIGB+wHrQsVSwCE2ST20b02Cod2o21fQrpRP09kbHImGEU2mTEsG/mvbH4n9dKsXsZZEIlKYLi00XdVFKM6bgo2hEaOMqhJYxrYf9KeZ9pxtHWmbclePMnL5J6ueSdl7zbs2LlalZHjhySI3JCPHJBKuSGVEmNcPJInskreXOenBfn3fmYRpec2cwB+QPn6we/UKCm</latexit>

c 2
⇥
c, c̄

⇤
<latexit sha1_base64="1d+wiejHoLcIws7isuKGD9qaj9s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUCbbTbt0swm7G6GE/ggvHhTx6u/x5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmd3O/88SU5rF8NNOE+RGOJA85RWOlTj+MFQoxqNbcupuDrBKvIDUo0BxUv/rDmKYRk4YK1LrnuYnxM1SGU8FmlX6qWYJ0giPWs1RixLSf5efOyJlVhsRutiUNydXfExlGWk+jwHZGaMZ62ZuL/3m91IQ3fsZlkhom6WJRmApiYjL/nQy5YtSIqSVIFbe3EjpGhdTYhCo2BG/55VXSvqh7V3Xv4bLWuC3iKMMJnMI5eHANDbiHJrSAwgSe4RXenMR5cd6dj0VrySlmjuEPnM8fbeiPog==</latexit>

8

then 

 
Find certificate  

 
Use certificate to 

guarantee condition… 

 
Desired Condition 

Example 2

<latexit sha1_base64="DCt5r2QP3A2jTTvpwvOGgEYa6mE=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ6KomIeiz14rGC/YAmlM122i7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMwLEykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbITMghYIGCpTQTjSwKJTQCke3U7/1CNqIWD3gOIEgYgMl+oIztJJf6wof4QmzMzPplspuxZ2BLhMvJ2WSo94tffm9mKcRKOSSGdPx3ASDjGkUXMKk6KcGEsZHbAAdSxWLwATZ7OYJPbVKj/ZjbUshnam/JzIWGTOOQtsZMRyaRW8q/ud1UuzfBJlQSYqg+HxRP5UUYzoNgPaEBo5ybAnjWthbKR8yzTjamIo2BG/x5WXSvKh4VxXv/rJcreVxFMgxOSHnxCPXpEruSJ00CCcJeSav5M1JnRfn3fmYt644+cwR+QPn8wcQh5G1</latexit>

Bi’s

<latexit sha1_base64="1MowJRb07j8Sm4/4WoI4v+XzK8g=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvoqSQi6rHYi8cK9gOaUDbbSbt2swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmFldW19o7hZ2tre2d0r7x+0dJwqBk0Wi1h1AqpBcAlN5CigkyigUSCgHYzqU7/9CErzWN7jOAE/ogPJQ84oGsmr9x48hCfMTvWkV644VWcGe5m4OamQHI1e+cvrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZjdP7BOj9O0wVqYk2jP190RGI63HUWA6I4pDvehNxf+8borhtZ9xmaQIks0XhamwMbanAdh9roChGBtCmeLmVpsNqaIMTUwlE4K7+PIyaZ1X3cuqe3dRqd3kcRTJETkmZ8QlV6RGbkmDNAkjCXkmr+TNSq0X6936mLcWrHzmkPyB9fkDE6ORtw==</latexit>

Cj ’s

 invertible  invertible

<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()

Desired Condition
<latexit sha1_base64="C6cqFeVM2rCLclBCNQTUVp//0OY="></latexit>2

4
| |
x y
| |

3

5 =


x1 y1
x2 y2

�
<latexit sha1_base64="iR9oGsB2qd9HN+wEDIsuPbCxWks=">AAACJHicbVDLSsNAFJ34rPFVdelmsCiuSiKigpuiG5cV7AOaUCaTm3boZBJnJmIJ/Rg3/oobFz5w4cZvcfoAtfXAwOGce+/ce4KUM6Ud59Oam19YXFourNira+sbm8Wt7bpKMkmhRhOeyGZAFHAmoKaZ5tBMJZA44NAIepdDv3EHUrFE3Oh+Cn5MOoJFjBJtpHbx3AtB57YXQIeJPIiJlux+YLv4AAfY8zA1xLU9EOGPObA9AbfYaRdLTtkZAc8Sd0JKaIJqu/jmhQnNYhCacqJUy3VS7edEakY5mLGZgpTQHulAy1BBYlB+PjpygPeNEuIokeYJjUfq746cxEr148BUmkW7atobiv95rUxHZ37ORJppEHT8UZRxrBM8TAyHTALVvG8IoZKZXTHtEkmoNrnaJgR3+uRZUj8quydl9/q4VLmYxFFAu2gPHSIXnaIKukJVVEMUPaAn9IJerUfr2Xq3Psalc9akZwf9gfX1DdQSom8=</latexit>

det


1 b
c 1

�
6= 0

<latexit sha1_base64="VZzQ4g96BFEoynRRmcHqKqs5MKs=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwY5kUUZdFNy4r2Ae0ZcikmTY08yDJaIexn+LGhSJu/RJ3/o1pOwttPXAvh3PuJTfHiwVX2nG+rZXVtfWNzcJWcXtnd2/fLh00VZRIyho0EpFse0QxwUPW0FwL1o4lI4EnWMsb3Uz91gOTikfhvU5j1gvIIOQ+p0QbybVLYxej1K2iMzQ2PXWxa5edijMDWiY4J2XIUXftr24/oknAQk0FUaqDnVj3MiI1p4JNit1EsZjQERmwjqEhCZjqZbPTJ+jEKH3kR9JUqNFM/b2RkUCpNPDMZED0UC16U/E/r5No/6qX8TBONAvp/CE/EUhHaJoD6nPJqBapIYRKbm5FdEgkodqkVTQh4MUvL5NmtYIvKvjuvFy7zuMowBEcwylguIQa3EIdGkDhEZ7hFd6sJ+vFerc+5qMrVr5zCH9gff4Abm6SLA==</latexit>x1y2 � x2y1
<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()

<latexit sha1_base64="xSGiUJ1omkioIG1ZTWHg6fWMV9k="></latexit>

det


x1 y1
x2 y2

�
6= 0

<latexit sha1_base64="Cgcw6GkGHmxLJ4x3VI0YVLcZaVM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQlJKIqBuh1I3LKvYBTQyT6bQdOpmEmUmxhGzd+CtuXCji1j9w5984abPQ1gMXDufcy733+BGjUlnWt1FYWFxaXimultbWNza3zO2dpgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT84VXmt0ZESBryOzWOiBugPqc9ipHSkmfCB3gJa6Nj6MARdCiHToDUwPeT29Q7uk946pllq2JNAOeJnZMyyFH3zC+nG+I4IFxhhqTs2Fak3AQJRTEjacmJJYkQHqI+6WjKUUCkm0w+SeGBVrqwFwpdXMGJ+nsiQYGU48DXndmdctbLxP+8Tqx6F25CeRQrwvF0US9mUIUwiwV2qSBYsbEmCAuqb4V4gATCSodX0iHYsy/Pk+ZJxT6r2Den5Wotj6MI9sA+OAQ2OAdVcA3qoAEweATP4BW8GU/Gi/FufExbC0Y+swv+wPj8AQjAmLE=</latexit>

x = Bv, v 2 Rn
+

<latexit sha1_base64="BEcDJsgTJr5zQDsZrn3ySSwcJZE=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0UUlJKIqBuh1I3LKvYBTS2T6bQdOpmEmYklhKzd+CtuXCji1i9w5984abPQ1gMXDufcy733uAGjUlnWt5Gbm19YXMovF1ZW19Y3zM2tuvRDgUkN+8wXTRdJwignNUUVI81AEOS5jDTc4VXqNx6IkNTndyoKSNtDfU57FCOlpY65G8FLWBkdQweOoEM5dDykBq4b3yado/uYHyQds2iVrDHgLLEzUgQZqh3zy+n6OPQIV5ghKVu2Fah2jISimJGk4ISSBAgPUZ+0NOXII7Idj19J4L5WurDnC11cwbH6eyJGnpSR5+rO9FA57aXif14rVL2Ldkx5ECrC8WRRL2RQ+TDNBXapIFixSBOEBdW3QjxAAmGl0yvoEOzpl2dJ/aRkn5Xsm9NiuZLFkQc7YA8cAhucgzK4BlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9gfP4AeGSY5Q==</latexit>

y = Bw, w 2 Rn0

+

<latexit sha1_base64="mqe9l6knl9c0IKKQc3diFNr1fbY=">AAACEnicbVDLSgMxFM3UVx1fVZdugkXQTZkRUZelblxWsA/olCGT3rahmcyQZMQy7Te48VfcuFDErSt3/o1pO4K2Hgg5nHMv994TxJwp7ThfVm5peWV1Lb9ub2xube8UdvfqKkokhRqNeCSbAVHAmYCaZppDM5ZAwoBDIxhcTfzGHUjFInGrhzG0Q9ITrMso0UbyCydeAD0m0pBoye7H9gh7Hq747uQb2R6Izo/lF4pOyZkCLxI3I0WUoeoXPr1ORJMQhKacKNVynVi3UyI1oxzGtpcoiAkdkB60DBUkBNVOpyeN8ZFROrgbSfOExlP1d0dKQqWGYWAqzX59Ne9NxP+8VqK7l+2UiTjRIOhsUDfhWEd4kg/uMAlU86EhhEpmdsW0TySh2qRomxDc+ZMXSf205J6X3JuzYrmSxZFHB+gQHSMXXaAyukZVVEMUPaAn9IJerUfr2Xqz3melOSvr2Ud/YH18AyaxnSc=</latexit>

|
B1

|

<latexit sha1_base64="6/BU7j5mIcbDB90AJqQjAJP3nHQ=">AAACEnicbVDLSgMxFM34rOOr6tJNsAi6KTNF1GWpG5cV7AM6ZchkbtvQTGZIMmKZ9hvc+CtuXCji1pU7/8b0IWjrgZDDOfdy7z1BwpnSjvNlLS2vrK6t5zbsza3tnd383n5dxamkUKMxj2UzIAo4E1DTTHNoJhJIFHBoBP2rsd+4A6lYLG71IIF2RLqCdRgl2kh+/tQLoMtEFhEt2f3IHmLPwxW/NP6Gtgci/LH8fMEpOhPgReLOSAHNUPXzn14Y0zQCoSknSrVcJ9HtjEjNKIeR7aUKEkL7pAstQwWJQLWzyUkjfGyUEHdiaZ7QeKL+7shIpNQgCkyl2a+n5r2x+J/XSnXnsp0xkaQaBJ0O6qQc6xiP88Ehk0A1HxhCqGRmV0x7RBKqTYq2CcGdP3mR1EtF97zo3pwVypVZHDl0iI7QCXLRBSqja1RFNUTRA3pCL+jVerSerTfrfVq6ZM16DtAfWB/fKEedKA==</latexit>

|
B2

|

<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="OcIX9tc2vW6ZYrr4h2UJXY+U2KA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkyHSkSCUbRSp8/CBA0ZVGtu3Z2DrBKvIDUo0BxUv/phwrKYK2SSGtPz3BT9nGoUTPJppZ8ZnlI2pkPes1TRmBs/n587JWdWCUmUaFsKyVz9PZHT2JhJHNjOmOLILHsz8T+vl2F04+dCpRlyxRaLokwSTMjsdxIKzRnKiSWUaWFvJWxENWVoE6rYELzll1dJ+6LuXdW9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AAhFj18=</latexit>· · ·<latexit sha1_base64="X58hVXSWlT250Z0J90I56GnSuT8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ6sVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdF+/7pcrbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6ZScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZm+TgdCcoZxYQpkW9lbCRlRThjackg3BW375L2mdVb2Lqnd3XqnV8ziKcATHcAoeXEINbqEBTWAQwhO8wKszdp6dN+d90Vpw8plD+AXn4xsYAo0T</latexit>

B =

<latexit sha1_base64="0n/mNmwynxp5Trd1fFkImxyupMo=">AAACE3icbVDLSgMxFM3UVx1fVZdugkUQF2VGRF2WunFZwT6gU4ZMetuGZjJDkhHLtP/gxl9x40IRt27c+Tem7QjaeiDkcM693HtPEHOmtON8Wbml5ZXVtfy6vbG5tb1T2N2rqyiRFGo04pFsBkQBZwJqmmkOzVgCCQMOjWBwNfEbdyAVi8StHsbQDklPsC6jRBvJL5x4AfSYSEOiJbsf2yPseXbFF5NvhG0PROfH8wtFp+RMgReJm5EiylD1C59eJ6JJCEJTTpRquU6s2ymRmlEOY9tLFMSEDkgPWoYKEoJqp9ObxvjIKB3cjaR5QuOp+rsjJaFSwzAwlWa/vpr3JuJ/XivR3ct2ykScaBB0NqibcKwjPAkId5gEqvnQEEIlM7ti2ieSUG1itE0I7vzJi6R+WnLPS+7NWbFcyeLIowN0iI6Riy5QGV2jKqohih7QE3pBr9aj9Wy9We+z0pyV9eyjP7A+vgGi851i</latexit>

|
Bn

|

<latexit sha1_base64="HWskVd8j+MxQ1Oh87r52gB9+y7w=">AAACEnicbVDLSgMxFM34rOOr6tJNsAi6KTNF1GWxG5cV7AM6Zcikt21oJjMkGbFM+w1u/BU3LhRx68qdf2PajqCtB0IO59zLvfcEMWdKO86XtbS8srq2ntuwN7e2d3bze/t1FSWSQo1GPJLNgCjgTEBNM82hGUsgYcChEQwqE79xB1KxSNzqYQztkPQE6zJKtJH8/KkXQI+JNCRasvuxPcKehyt+afKNbA9E58fy8wWn6EyBF4mbkQLKUPXzn14nokkIQlNOlGq5TqzbKZGaUQ5j20sUxIQOSA9ahgoSgmqn05PG+NgoHdyNpHlC46n6uyMloVLDMDCVZr++mvcm4n9eK9Hdy3bKRJxoEHQ2qJtwrCM8yQd3mASq+dAQQiUzu2LaJ5JQbVK0TQju/MmLpF4quudF9+asUL7K4sihQ3SETpCLLlAZXaMqqiGKHtATekGv1qP1bL1Z77PSJSvrOUB/YH18AynfnSk=</latexit>

|
C2

|

<latexit sha1_base64="IX2O8Q3svTuqNQpiA2VEaC4Bet8=">AAACEnicbVDLSgMxFM3UVx1fVZdugkXQTZkRUZfFblxWsA/olCGT3rahmcyQZMQy7Te48VfcuFDErSt3/o1pO4K2Hgg5nHMv994TxJwp7ThfVm5peWV1Lb9ub2xube8UdvfqKkokhRqNeCSbAVHAmYCaZppDM5ZAwoBDIxhUJn7jDqRikbjVwxjaIekJ1mWUaCP5hRMvgB4TaUi0ZPdje4Q9D1d8d/KNbA9E58fyC0Wn5EyBF4mbkSLKUPULn14nokkIQlNOlGq5TqzbKZGaUQ5j20sUxIQOSA9ahgoSgmqn05PG+MgoHdyNpHlC46n6uyMloVLDMDCVZr++mvcm4n9eK9Hdy3bKRJxoEHQ2qJtwrCM8yQd3mASq+dAQQiUzu2LaJ5JQbVK0TQju/MmLpH5acs9L7s1ZsXyVxZFHB+gQHSMXXaAyukZVVEMUPaAn9IJerUfr2Xqz3melOSvr2Ud/YH18AyhJnSg=</latexit>

|
C1

|

<latexit sha1_base64="lTxBZ6/TBUM2luSjJNbMHXDp/Dk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ7MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvBuD7z249cGxGrB5wk3I/oUIlQMIpWuq9f98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dEpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb/8l7TOqt5F1bs7r9Ru8jiKcATHcAoeXEINbqEBTWAQwhO8wKszdp6dN+d90Vpw8plD+AXn4xsZh40U</latexit>

C =

<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="OcIX9tc2vW6ZYrr4h2UJXY+U2KA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkyHSkSCUbRSp8/CBA0ZVGtu3Z2DrBKvIDUo0BxUv/phwrKYK2SSGtPz3BT9nGoUTPJppZ8ZnlI2pkPes1TRmBs/n587JWdWCUmUaFsKyVz9PZHT2JhJHNjOmOLILHsz8T+vl2F04+dCpRlyxRaLokwSTMjsdxIKzRnKiSWUaWFvJWxENWVoE6rYELzll1dJ+6LuXdW9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AAhFj18=</latexit>· · ·

<latexit sha1_base64="KD8IzvzYiDsqreAQvJyeT2NIdIY=">AAACFnicbZDLSsNAFIYnXmu8VV26GSyiG0sioi6L3bisYC/QlDKZnrRDJ5MwMxFLmqdw46u4caGIW3Hn2zi9CNp6YODj/89hzvn9mDOlHefLWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHsmGTxRwJqCqmebQiCWQ0OdQ9/vlkV+/A6lYJG71IIZWSLqCBYwSbaR2/sTzoctEGhIt2X1mD7Hn2eV2Ko6yEQ2x7YHo/NjtfMEpOuPC8+BOoYCmVWnnP71ORJMQhKacKNV0nVi3UiI1oxwy20sUxIT2SReaBgUJQbXS8VkZPjRKBweRNE9oPFZ/T6QkVGoQ+qbT7NdTs95I/M9rJjq4bKVMxIkGQScfBQnHOsKjjHCHSaCaDwwQKpnZFdMekYRqk6RtQnBnT56H2mnRPS+6N2eF0tU0jhzaRwfoGLnoApXQNaqgKqLoAT2hF/RqPVrP1pv1PmldsKYze+hPWR/f91SeoA==</latexit>

|
Cn0

|

<latexit sha1_base64="ORxCrddCTeXNzWHqjVQ73FpOrdY=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURUZdFNy4j2gc0oUymk3boZBJmJkINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlLbtb6u0tLyyulZer2xsbm3vVHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORte5336gUrFY3OtxQv0IDwQLGcHaSL3qgecy5DGBvAjrYRBkd5OekWt23Z4CLRKnIDUo4PaqX14/JmlEhSYcK9V17ET7GZaaEU4nFS9VNMFkhAe0a6jAEVV+Nk0/QcdG6aMwluYJjabq740MR0qNo8BM5hnVvJeL/3ndVIeXfsZEkmoqyOxQmHKkY5RXgfpMUqL52BBMJDNZERliiYk2hVVMCc78lxdJ67TunNed27Na46qoowyHcAQn4MAFNOAGXGgCgUd4hld4s56sF+vd+piNlqxiZx/+wPr8AeiNlOM=</latexit>

⇧ 2 Sn

Find <latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�s.t. <latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�
<latexit sha1_base64="56I0h5X3TCsHhU8X50dKvSMFV/s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ66OqUMXwkLumVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NLp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkEo2BG/x5WXSPKt6F1Xv7rxSu87jKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMW8tOPnMIfyB8/kDldaQNA==</latexit>⌫ 0

If
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�
<latexit sha1_base64="ygBqMuA7C5Foum+lP8yqATnT9ZU=">AAAB73icbVBNS8NAFHypXzV+VT16WSyCp5KIqMeiF48VbC20oWy2m3bpZhN3X4QS+ie8eFDEq3/Hm//GbZuDtj5YGGbmsW8mTKUw6HnfTmlldW19o7zpbm3v7O5V9g9aJsk0402WyES3Q2q4FIo3UaDk7VRzGoeSP4Sjm6n+8MS1EYm6x3HKg5gOlIgEo2ipttu1bka8XqXq1bzZkGXgF6AKxTR6la9uP2FZzBUySY3p+F6KQU41Cib5xO1mhqeUjeiAdyxUNOYmyGf3TsiJZfokSrR9CsmM/b2R09iYcRxaZ0xxaBa1Kfmf1skwugpyodIMuWLzj6JMEkzINDzpC5sW5dgCyrSwtxI2pJoytBW5tgR/MfIyaJ3V/Iuaf3derV8XdZThCI7hFHy4hDrcQgOawEDCM7zCm/PovDjvzsfcWnKKnUP4M87nD9bujzA=</latexit>� 0

then 

 
Find certificate  

 
Use certificate to 

guarantee condition… 

Desired Condition

<latexit sha1_base64="Cgcw6GkGHmxLJ4x3VI0YVLcZaVM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQlJKIqBuh1I3LKvYBTQyT6bQdOpmEmUmxhGzd+CtuXCji1j9w5984abPQ1gMXDufcy733+BGjUlnWt1FYWFxaXimultbWNza3zO2dpgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT84VXmt0ZESBryOzWOiBugPqc9ipHSkmfCB3gJa6Nj6MARdCiHToDUwPeT29Q7uk946pllq2JNAOeJnZMyyFH3zC+nG+I4IFxhhqTs2Fak3AQJRTEjacmJJYkQHqI+6WjKUUCkm0w+SeGBVrqwFwpdXMGJ+nsiQYGU48DXndmdctbLxP+8Tqx6F25CeRQrwvF0US9mUIUwiwV2qSBYsbEmCAuqb4V4gATCSodX0iHYsy/Pk+ZJxT6r2Den5Wotj6MI9sA+OAQ2OAdVcA3qoAEweATP4BW8GU/Gi/FufExbC0Y+swv+wPj8AQjAmLE=</latexit>

x = Bv, v 2 Rn
+

<latexit sha1_base64="BEcDJsgTJr5zQDsZrn3ySSwcJZE=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0UUlJKIqBuh1I3LKvYBTS2T6bQdOpmEmYklhKzd+CtuXCji1i9w5984abPQ1gMXDufcy733uAGjUlnWt5Gbm19YXMovF1ZW19Y3zM2tuvRDgUkN+8wXTRdJwignNUUVI81AEOS5jDTc4VXqNx6IkNTndyoKSNtDfU57FCOlpY65G8FLWBkdQweOoEM5dDykBq4b3yado/uYHyQds2iVrDHgLLEzUgQZqh3zy+n6OPQIV5ghKVu2Fah2jISimJGk4ISSBAgPUZ+0NOXII7Idj19J4L5WurDnC11cwbH6eyJGnpSR5+rO9FA57aXif14rVL2Ldkx5ECrC8WRRL2RQ+TDNBXapIFixSBOEBdW3QjxAAmGl0yvoEOzpl2dJ/aRkn5Xsm9NiuZLFkQc7YA8cAhucgzK4BlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9gfP4AeGSY5Q==</latexit>

y = Bw, w 2 Rn0

+

<latexit sha1_base64="o6MA1P7FG6/WFX1jDuZxYIKeK3I=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMyIqMuiG5cV7AM6dcikt21oJjMkGWmZ9ifc+CtuXCjiVnDn35i2g2jrgYTDOfdy7z1BzJnSjvNlLSwuLa+s5tbs9Y3Nre38zm5VRYmkUKERj2Q9IAo4E1DRTHOoxxJIGHCoBb2rsV+7B6lYJG71IIZmSDqCtRkl2kh+/tgLoMNEGoRES9Yf2f4Qe57dH393Q2x7IFo/pp8vOEVnAjxP3IwUUIayn//0WhFNQhCacqJUw3Vi3UyJ1IxyGNleoiAmtEc60DBUkBBUM51cNcKHRmnhdiTNExpP1N8dKQmVGoSBqTT7ddWsNxb/8xqJbl80UybiRIOg00HthGMd4XFEuMUkUM0HhhAqmdkV0y6RhGoTpG1CcGdPnifVk6J7VnRvTgulyyyOHNpHB+gIuegcldA1KqMKougBPaEX9Go9Ws/Wm/U+LV2wsp499AfWxzdy5J5g</latexit>2

4
|
x
|

3

5

<latexit sha1_base64="fg3oizYGEuJ1lfB6Zh7kaqDwbZs=">AAACF3icbVDLSgMxFM3UVx1foy7dBIvgqsyIqMuiG5cV+oJOWzLpbRuayQxJRlqm/Qs3/oobF4q41Z1/Y/pAtPVAwuGce7n3niDmTGnX/bIyK6tr6xvZTXtre2d3z9k/qKgokRTKNOKRrAVEAWcCypppDrVYAgkDDtWgfzPxq/cgFYtESQ9jaISkK1iHUaKN1HLyfgBdJtIgJFqywdhujbDv24PJ1xxh2wfR/jGbpZaTc/PuFHiZeHOSQ3MUW86n345oEoLQlBOl6p4b60ZKpGaUw9j2EwUxoX3ShbqhgoSgGun0rjE+MUobdyJpntB4qv7uSEmo1DAMTKXZsKcWvYn4n1dPdOeqkTIRJxoEnQ3qJBzrCE9Cwm0mgWo+NIRQycyumPaIJFSbKG0Tgrd48jKpnOW9i7x3d54rXM/jyKIjdIxOkYcuUQHdoiIqI4oe0BN6Qa/Wo/VsvVnvs9KMNe85RH9gfXwD67ufJg==</latexit>2

4
|
x
|

3

5
T

<latexit sha1_base64="qxfnKPV2VHsmR8vv8vjzTV10oPQ=">AAACF3icbVDLSgMxFM34rOOr6tJNsAiuyoyIuiy6cVmhL+i0Qya9bUMzmSHJiMO0f+HGX3HjQhG3uvNvTB+Ith5IOJxzL/feE8ScKe04X9bS8srq2npuw97c2t7Zze/t11SUSApVGvFINgKigDMBVc00h0YsgYQBh3owuB779TuQikWiotMYWiHpCdZllGgj+fmiF0CPiSwIiZbsfmT7Q+x5djr+2kNseyA6P2a74ucLTtGZAC8Sd0YKaIayn//0OhFNQhCacqJU03Vi3cqI1IxyGNleoiAmdEB60DRUkBBUK5vcNcLHRungbiTNExpP1N8dGQmVSsPAVJoN+2reG4v/ec1Edy9bGRNxokHQ6aBuwrGO8Dgk3GESqOapIYRKZnbFtE8kodpEaZsQ3PmTF0nttOieF93bs0LpahZHDh2iI3SCXHSBSugGlVEVUfSAntALerUerWfrzXqfli5Zs54D9AfWxzftVp8n</latexit>2

4
|
y
|

3

5
T

<latexit sha1_base64="qxfnKPV2VHsmR8vv8vjzTV10oPQ=">AAACF3icbVDLSgMxFM34rOOr6tJNsAiuyoyIuiy6cVmhL+i0Qya9bUMzmSHJiMO0f+HGX3HjQhG3uvNvTB+Ith5IOJxzL/feE8ScKe04X9bS8srq2npuw97c2t7Zze/t11SUSApVGvFINgKigDMBVc00h0YsgYQBh3owuB779TuQikWiotMYWiHpCdZllGgj+fmiF0CPiSwIiZbsfmT7Q+x5djr+2kNseyA6P2a74ucLTtGZAC8Sd0YKaIayn//0OhFNQhCacqJU03Vi3cqI1IxyGNleoiAmdEB60DRUkBBUK5vcNcLHRungbiTNExpP1N8dGQmVSsPAVJoN+2reG4v/ec1Edy9bGRNxokHQ6aBuwrGO8Dgk3GESqOapIYRKZnbFtE8kodpEaZsQ3PmTF0nttOieF93bs0LpahZHDh2iI3SCXHSBSugGlVEVUfSAntALerUerWfrzXqfli5Zs54D9AfWxzftVp8n</latexit>2

4
|
y
|

3

5
T

 many     ’s could work…
<latexit sha1_base64="GQyvobPRXTcNuUnBXvcRfFjURII=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoioi6LblxWsLWQhDKZTtKhk0mYmQilFDf+ihsXirj1K9z5N07aLLT1DMM9nHMvM/eEGWdKO863VVlaXlldq67XNja3tnfs3b2OSnNJaJukPJXdECvKmaBtzTSn3UxSnISc3ofD68K/f6BSsVTc6VFGgwTHgkWMYG2knn3ghyyOPeQXp8VmtZCCnl13Gs4UaJG4JalDiVbP/vL7KckTKjThWCnPdTIdjLHUjHA6qfm5ohkmQxxTz1CBE6qC8XSFCTo2Sh9FqTRXaDRVf0+McaLUKAlNZ4L1QM17hfif5+U6ugzGTGS5poLMHopyjnSKijxQn0lKNB8Zgolk5q+IDLDERJvUaiYEd37lRdI5bbjnDff2rN68KuOowiEcwQm4cAFNuIEWtIHAIzzDK7xZT9aL9W59zForVjmzD39gff4AfHeVkg==</latexit>
⇧

�


