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- n-by-d data matrix;
- interested top-eigenspace;
- projection onto .

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>
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<latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit>

P�
<latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit>

Problems: PCP and PCR

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>
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<latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit>

P�
<latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit>

Problems: PCP and PCR

PCR: do regression restricted on ,
= solve given

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

min
x2Rd

kAP�x� bk
<latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ydkncruyl3Hl+fB7OfFyNvX8KO8=">AAACCHicbVDLSsNAFL2pr1qrRrdugkUQwZK40aXixmUV+4Cmhslk0g6dTMLMRFrS/IMbf8WNC0X8Anf+jZO2C209MHA459479x4/YVQq2/42Siura+sb5c3KVnV7Z9fcq7ZknApMmjhmsej4SBJGOWkqqhjpJIKgyGek7Q+vC7/9SISkMb9X44T0ItTnNKQYKS155okbUe5lI5dyN0Jq4PvZXf4Q5O7kquFlLtOTApSPTn134pk1u25PYS0TZ05qMEfDM7/cIMZpRLjCDEnZdexE9TIkFMWM5BU3lSRBeIj6pKspRxGRvWx6U24daSWwwljox5U1VX93ZCiSchz5urLYWy56hfif101VeNHLKE9SRTiefRSmzFKxVQRkBVQQrNhYE4QF1btaeIAEwkrHWNEhOIsnL5PWWd2x686tDWU4gEM4BgfO4RJuoAFNwPAEL/AG78az8Wp8zOIqGfPc9uEPjM8fpeWdpQ==</latexit><latexit sha1_base64="ydkncruyl3Hl+fB7OfFyNvX8KO8=">AAACCHicbVDLSsNAFL2pr1qrRrdugkUQwZK40aXixmUV+4Cmhslk0g6dTMLMRFrS/IMbf8WNC0X8Anf+jZO2C209MHA459479x4/YVQq2/42Siura+sb5c3KVnV7Z9fcq7ZknApMmjhmsej4SBJGOWkqqhjpJIKgyGek7Q+vC7/9SISkMb9X44T0ItTnNKQYKS155okbUe5lI5dyN0Jq4PvZXf4Q5O7kquFlLtOTApSPTn134pk1u25PYS0TZ05qMEfDM7/cIMZpRLjCDEnZdexE9TIkFMWM5BU3lSRBeIj6pKspRxGRvWx6U24daSWwwljox5U1VX93ZCiSchz5urLYWy56hfif101VeNHLKE9SRTiefRSmzFKxVQRkBVQQrNhYE4QF1btaeIAEwkrHWNEhOIsnL5PWWd2x686tDWU4gEM4BgfO4RJuoAFNwPAEL/AG78az8Wp8zOIqGfPc9uEPjM8fpeWdpQ==</latexit><latexit sha1_base64="FaGjcGhIFtJjtXinPlngYLmSnj0=">AAACE3icbVC7TsMwFHV4lvIKMLJEVEgIiSphgbHAwlgQfUh1iBzHba06TmQ7qFWaf2DhV1gYQIiVhY2/wWkzQMuRLB2dc+/1vcePGZXKtr+NhcWl5ZXV0lp5fWNza9vc2W3KKBGYNHDEItH2kSSMctJQVDHSjgVBoc9Iyx9c5X7rgQhJI36nRjFxQ9TjtEsxUlryzGMYUu6lQ0g5DJHq+356m90HGRxf1L0UMj0pQNnwxIdjz6zYVXsCa544BamAAnXP/IJBhJOQcIUZkrLj2LFyUyQUxYxkZZhIEiM8QD3S0ZSjkEg3ndyUWYdaCaxuJPTjypqovztSFEo5Cn1dme8tZ71c/M/rJKp77qaUx4kiHE8/6ibMUpGVB2QFVBCs2EgThAXVu1q4jwTCSsdY1iE4syfPk+Zp1bGrzo1dqV0WcZTAPjgAR8ABZ6AGrkEdNAAGj+AZvII348l4Md6Nj2npglH07IE/MD5/AHlNnx8=</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VoRN9PzTfu9yfzFFbbHnZOeZiTI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qxkNqjW/7i/ENiFYQQ1WagyqX/1hKvIENQnFre0FfkZhwQ1JoXBW7ucWMy4mfIQ9h5onaMNiMeiMXTpnyOLUuKOJLdzfLwqeWDtNIncz4TS269nc/C/r5RTfhoXUWU6oxfKjOFeMUjbfmg2lQUFq6oALI92sTIy54YJcN2VXQrC+8ia0r+uBXw+aPpTgHC7gCgK4gTt4gAa0QADCC7zBu/fkvXofy7q2vFVvZ/BH3ucPsS2Lkw==</latexit><latexit sha1_base64="VoRN9PzTfu9yfzFFbbHnZOeZiTI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qxkNqjW/7i/ENiFYQQ1WagyqX/1hKvIENQnFre0FfkZhwQ1JoXBW7ucWMy4mfIQ9h5onaMNiMeiMXTpnyOLUuKOJLdzfLwqeWDtNIncz4TS269nc/C/r5RTfhoXUWU6oxfKjOFeMUjbfmg2lQUFq6oALI92sTIy54YJcN2VXQrC+8ia0r+uBXw+aPpTgHC7gCgK4gTt4gAa0QADCC7zBu/fkvXofy7q2vFVvZ/BH3ucPsS2Lkw==</latexit><latexit sha1_base64="NuAbZ4pJ6r67N+J9bhNMtP23C+k=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa4aBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AHDoYzi</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>



- n-by-d data matrix;
- interested top-eigenspace;
- projection onto .

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

A
<latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit>

P�
<latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit>

Problems: PCP and PCR

PCR: do regression restricted on ,
= solve given

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

min
x2Rd

kAP�x� bk
<latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ydkncruyl3Hl+fB7OfFyNvX8KO8=">AAACCHicbVDLSsNAFL2pr1qrRrdugkUQwZK40aXixmUV+4Cmhslk0g6dTMLMRFrS/IMbf8WNC0X8Anf+jZO2C209MHA459479x4/YVQq2/42Siura+sb5c3KVnV7Z9fcq7ZknApMmjhmsej4SBJGOWkqqhjpJIKgyGek7Q+vC7/9SISkMb9X44T0ItTnNKQYKS155okbUe5lI5dyN0Jq4PvZXf4Q5O7kquFlLtOTApSPTn134pk1u25PYS0TZ05qMEfDM7/cIMZpRLjCDEnZdexE9TIkFMWM5BU3lSRBeIj6pKspRxGRvWx6U24daSWwwljox5U1VX93ZCiSchz5urLYWy56hfif101VeNHLKE9SRTiefRSmzFKxVQRkBVQQrNhYE4QF1btaeIAEwkrHWNEhOIsnL5PWWd2x686tDWU4gEM4BgfO4RJuoAFNwPAEL/AG78az8Wp8zOIqGfPc9uEPjM8fpeWdpQ==</latexit><latexit sha1_base64="ydkncruyl3Hl+fB7OfFyNvX8KO8=">AAACCHicbVDLSsNAFL2pr1qrRrdugkUQwZK40aXixmUV+4Cmhslk0g6dTMLMRFrS/IMbf8WNC0X8Anf+jZO2C209MHA459479x4/YVQq2/42Siura+sb5c3KVnV7Z9fcq7ZknApMmjhmsej4SBJGOWkqqhjpJIKgyGek7Q+vC7/9SISkMb9X44T0ItTnNKQYKS155okbUe5lI5dyN0Jq4PvZXf4Q5O7kquFlLtOTApSPTn134pk1u25PYS0TZ05qMEfDM7/cIMZpRLjCDEnZdexE9TIkFMWM5BU3lSRBeIj6pKspRxGRvWx6U24daSWwwljox5U1VX93ZCiSchz5urLYWy56hfif101VeNHLKE9SRTiefRSmzFKxVQRkBVQQrNhYE4QF1btaeIAEwkrHWNEhOIsnL5PWWd2x686tDWU4gEM4BgfO4RJuoAFNwPAEL/AG78az8Wp8zOIqGfPc9uEPjM8fpeWdpQ==</latexit><latexit sha1_base64="FaGjcGhIFtJjtXinPlngYLmSnj0=">AAACE3icbVC7TsMwFHV4lvIKMLJEVEgIiSphgbHAwlgQfUh1iBzHba06TmQ7qFWaf2DhV1gYQIiVhY2/wWkzQMuRLB2dc+/1vcePGZXKtr+NhcWl5ZXV0lp5fWNza9vc2W3KKBGYNHDEItH2kSSMctJQVDHSjgVBoc9Iyx9c5X7rgQhJI36nRjFxQ9TjtEsxUlryzGMYUu6lQ0g5DJHq+356m90HGRxf1L0UMj0pQNnwxIdjz6zYVXsCa544BamAAnXP/IJBhJOQcIUZkrLj2LFyUyQUxYxkZZhIEiM8QD3S0ZSjkEg3ndyUWYdaCaxuJPTjypqovztSFEo5Cn1dme8tZ71c/M/rJKp77qaUx4kiHE8/6ibMUpGVB2QFVBCs2EgThAXVu1q4jwTCSsdY1iE4syfPk+Zp1bGrzo1dqV0WcZTAPjgAR8ABZ6AGrkEdNAAGj+AZvII348l4Md6Nj2npglH07IE/MD5/AHlNnx8=</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VoRN9PzTfu9yfzFFbbHnZOeZiTI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qxkNqjW/7i/ENiFYQQ1WagyqX/1hKvIENQnFre0FfkZhwQ1JoXBW7ucWMy4mfIQ9h5onaMNiMeiMXTpnyOLUuKOJLdzfLwqeWDtNIncz4TS269nc/C/r5RTfhoXUWU6oxfKjOFeMUjbfmg2lQUFq6oALI92sTIy54YJcN2VXQrC+8ia0r+uBXw+aPpTgHC7gCgK4gTt4gAa0QADCC7zBu/fkvXofy7q2vFVvZ/BH3ucPsS2Lkw==</latexit><latexit sha1_base64="VoRN9PzTfu9yfzFFbbHnZOeZiTI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qxkNqjW/7i/ENiFYQQ1WagyqX/1hKvIENQnFre0FfkZhwQ1JoXBW7ucWMy4mfIQ9h5onaMNiMeiMXTpnyOLUuKOJLdzfLwqeWDtNIncz4TS269nc/C/r5RTfhoXUWU6oxfKjOFeMUjbfmg2lQUFq6oALI92sTIy54YJcN2VXQrC+8ia0r+uBXw+aPpTgHC7gCgK4gTt4gAa0QADCC7zBu/fkvXofy7q2vFVvZ/BH3ucPsS2Lkw==</latexit><latexit sha1_base64="NuAbZ4pJ6r67N+J9bhNMtP23C+k=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa4aBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AHDoYzi</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

!𝑂(1) poly. red.

[FMMS ’16]
PCR PCP



- n-by-d data matrix;
- interested top-eigenspace;
- projection onto .

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

A
<latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit>

P�
<latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit>

Problems: PCP and PCR

PCR: do regression restricted on ,
= solve given

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

min
x2Rd

kAP�x� bk
<latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ydkncruyl3Hl+fB7OfFyNvX8KO8=">AAACCHicbVDLSsNAFL2pr1qrRrdugkUQwZK40aXixmUV+4Cmhslk0g6dTMLMRFrS/IMbf8WNC0X8Anf+jZO2C209MHA459479x4/YVQq2/42Siura+sb5c3KVnV7Z9fcq7ZknApMmjhmsej4SBJGOWkqqhjpJIKgyGek7Q+vC7/9SISkMb9X44T0ItTnNKQYKS155okbUe5lI5dyN0Jq4PvZXf4Q5O7kquFlLtOTApSPTn134pk1u25PYS0TZ05qMEfDM7/cIMZpRLjCDEnZdexE9TIkFMWM5BU3lSRBeIj6pKspRxGRvWx6U24daSWwwljox5U1VX93ZCiSchz5urLYWy56hfif101VeNHLKE9SRTiefRSmzFKxVQRkBVQQrNhYE4QF1btaeIAEwkrHWNEhOIsnL5PWWd2x686tDWU4gEM4BgfO4RJuoAFNwPAEL/AG78az8Wp8zOIqGfPc9uEPjM8fpeWdpQ==</latexit><latexit sha1_base64="ydkncruyl3Hl+fB7OfFyNvX8KO8=">AAACCHicbVDLSsNAFL2pr1qrRrdugkUQwZK40aXixmUV+4Cmhslk0g6dTMLMRFrS/IMbf8WNC0X8Anf+jZO2C209MHA459479x4/YVQq2/42Siura+sb5c3KVnV7Z9fcq7ZknApMmjhmsej4SBJGOWkqqhjpJIKgyGek7Q+vC7/9SISkMb9X44T0ItTnNKQYKS155okbUe5lI5dyN0Jq4PvZXf4Q5O7kquFlLtOTApSPTn134pk1u25PYS0TZ05qMEfDM7/cIMZpRLjCDEnZdexE9TIkFMWM5BU3lSRBeIj6pKspRxGRvWx6U24daSWwwljox5U1VX93ZCiSchz5urLYWy56hfif101VeNHLKE9SRTiefRSmzFKxVQRkBVQQrNhYE4QF1btaeIAEwkrHWNEhOIsnL5PWWd2x686tDWU4gEM4BgfO4RJuoAFNwPAEL/AG78az8Wp8zOIqGfPc9uEPjM8fpeWdpQ==</latexit><latexit sha1_base64="FaGjcGhIFtJjtXinPlngYLmSnj0=">AAACE3icbVC7TsMwFHV4lvIKMLJEVEgIiSphgbHAwlgQfUh1iBzHba06TmQ7qFWaf2DhV1gYQIiVhY2/wWkzQMuRLB2dc+/1vcePGZXKtr+NhcWl5ZXV0lp5fWNza9vc2W3KKBGYNHDEItH2kSSMctJQVDHSjgVBoc9Iyx9c5X7rgQhJI36nRjFxQ9TjtEsxUlryzGMYUu6lQ0g5DJHq+356m90HGRxf1L0UMj0pQNnwxIdjz6zYVXsCa544BamAAnXP/IJBhJOQcIUZkrLj2LFyUyQUxYxkZZhIEiM8QD3S0ZSjkEg3ndyUWYdaCaxuJPTjypqovztSFEo5Cn1dme8tZ71c/M/rJKp77qaUx4kiHE8/6ibMUpGVB2QFVBCs2EgThAXVu1q4jwTCSsdY1iE4syfPk+Zp1bGrzo1dqV0WcZTAPjgAR8ABZ6AGrkEdNAAGj+AZvII348l4Md6Nj2npglH07IE/MD5/AHlNnx8=</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit><latexit sha1_base64="uo3mf3s8V2SFy2wDTgpUSTLIYd0=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIYElE0GXVjcsq9gFNDJPJpB06mYSZibSk+Qc3/oobF4q4dePOv3HSZqGtBwYO59x7597jxZQIaZrfWmlhcWl5pbxaWVvf2NzSt3daIko4wk0U0Yh3PCgwJQw3JZEUd2KOYehR3PYGV7nffsBckIjdyVGMnRD2GAkIglJJrn5kh4S56dAmzA6h7Hteepvd+5k9vmi4qU3VJB9mw2PPHrt61ayZExjzxCpIFRRouPqX7UcoCTGTiEIhupYZSyeFXBJEcVaxE4FjiAawh7uKMhhi4aSTmzLjQCm+EURcPSaNifq7I4WhEKPQU5X53mLWy8X/vG4ig3MnJSxOJGZo+lGQUENGRh6Q4ROOkaQjRSDiRO1qoD7kEEkVY0WFYM2ePE9aJzXLrFk3p9X6ZRFHGeyBfXAILHAG6uAaNEATIPAInsEreNOetBftXfuYlpa0omcX/IH2+QN6jZ8j</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VoRN9PzTfu9yfzFFbbHnZOeZiTI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qxkNqjW/7i/ENiFYQQ1WagyqX/1hKvIENQnFre0FfkZhwQ1JoXBW7ucWMy4mfIQ9h5onaMNiMeiMXTpnyOLUuKOJLdzfLwqeWDtNIncz4TS269nc/C/r5RTfhoXUWU6oxfKjOFeMUjbfmg2lQUFq6oALI92sTIy54YJcN2VXQrC+8ia0r+uBXw+aPpTgHC7gCgK4gTt4gAa0QADCC7zBu/fkvXofy7q2vFVvZ/BH3ucPsS2Lkw==</latexit><latexit sha1_base64="VoRN9PzTfu9yfzFFbbHnZOeZiTI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qxkNqjW/7i/ENiFYQQ1WagyqX/1hKvIENQnFre0FfkZhwQ1JoXBW7ucWMy4mfIQ9h5onaMNiMeiMXTpnyOLUuKOJLdzfLwqeWDtNIncz4TS269nc/C/r5RTfhoXUWU6oxfKjOFeMUjbfmg2lQUFq6oALI92sTIy54YJcN2VXQrC+8ia0r+uBXw+aPpTgHC7gCgK4gTt4gAa0QADCC7zBu/fkvXofy7q2vFVvZ/BH3ucPsS2Lkw==</latexit><latexit sha1_base64="NuAbZ4pJ6r67N+J9bhNMtP23C+k=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa4aBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2Vd1z617LrTVuizjKcAbncAkeXEMD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AHDoYzi</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

!𝑂(1) poly. red.

[FMMS ’16]
PCR PCP



Results: State of the Art

- eigenvalue threshold;
- eigengap;

- number of top eigenvalues;
nnz - number of nonzeros;

�
<latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

Classic method:
through computing top-k

eigenvectors explicitly

e.g. power method

linear in k
<latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="H7NTMd2QMxj9aJ9ESk++k8+V+aI=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5qzkZVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fvm6LnA==</latexit><latexit sha1_base64="uRpYs/LBz/nJxhzIrU8ZnnSLV+M=">AAAB3XicdVBNS8NAEJ3Ur1qrVq9eFovgKWzaQjwKXjy2YD+gDWWz3bRrN5uwuxFK6C/w4kER/5Y3/43btIKKPhh4vDfDzLwwFVwbjD+c0tb2zu5eeb9yUD08Oq6dVHs6yRRlXZqIRA1CopngknUNN4INUsVIHArWD+c3K7//wJTmibwzi5QFMZlKHnFKjJU683Gtjt2Wj/1mA2EXN1q+VxAfN1sYeS4uUIcN2uPa+2iS0Cxm0lBBtB56ODVBTpThVLBlZZRplhI6J1M2tFSSmOkgLw5dogurTFCUKFvSoEL9PpGTWOtFHNrOmJiZ/u2txL+8YWaiqyDnMs0Mk3S9KMoEMglafY0mXDFqxMISQhW3tyI6I4pQY7Op2BC+PkX/k17D9bDrdTCU4QzO4RI88OEabqENXaDA4BGe4cW5d56c13VcJWeT2yn8gPP2CQlBi9E=</latexit><latexit sha1_base64="e1YO6gxhtU3RiRAiCq8L0i+WwPU=">AAAB6HicdVBNSwMxEJ31s9avqkcvwSJ4WrJtYT0WvOitBfsB7VKyadrGZrNLkhXK0l/gxYMiXv1J3vw3ptsKKvpg4PHeDDPzwkRwbTD+cNbWNza3tgs7xd29/YPD0tFxW8epoqxFYxGrbkg0E1yyluFGsG6iGIlCwTrh9Grhd+6Z0jyWt2aWsCAiY8lHnBJjpeZ0UCpjt+Zjv1pB2MWVmu/lxMfVGkaei3OUYYXGoPTeH8Y0jZg0VBCtex5OTJARZTgVbF7sp5olhE7JmPUslSRiOsjyQ+fo3CpDNIqVLWlQrn6fyEik9SwKbWdEzET/9hbiX14vNaPLIOMySQ2TdLlolApkYrT4Gg25YtSImSWEKm5vRXRCFKHGZlO0IXx9iv4n7YrrYddr4nL9ZhVHAU7hDC7AAx/qcA0NaAEFBg/wBM/OnfPovDivy9Y1ZzVzAj/gvH0CIHqNJw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit><latexit sha1_base64="LruPePIhAHgcjFONAKJe4SvDh0g=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbPJwnoMeNFbAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfONlEUNGChqKqm+6uIBVcaUI+rLX1jc2t7dJOeXdv/+CwcnTcUUkmGbRZIhLZC6gCwWNoa64F9FIJNAoEdIPp1cLv3oNUPIlv9SwFP6LjmIecUW2k1nRYqRLb9YhXr2Fik5rrOQXxSN0l2LFJgSpaoTmsvA9GCcsiiDUTVKm+Q1Lt51RqzgTMy4NMQUrZlI6hb2hMI1B+Xhw6x+dGGeEwkaZijQv1+0ROI6VmUWA6I6on6re3EP/y+pkOL/2cx2mmIWbLRWEmsE7w4ms84hKYFjNDKJPc3IrZhErKtMmmbEL4+hT/Tzo12yG203KrjZtVHCV0is7QBXKQhxroGjVRGzEE6AE9oWfrznq0XqzXZeuatZo5QT9gvX0CIbqNKw==</latexit>

Õ(k · nnz + ...)
<latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit>



Results: State of the Art

- eigenvalue threshold;
- eigengap;

- number of top eigenvalues;
nnz - number of nonzeros;

�
<latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

Classic method:
through computing top-k

eigenvectors explicitly

e.g. power method

Recent method:
through polynomial

approximation of sign(x)

[AL ’17, MMS ’18]

linear in linear ink
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Õ(k · nnz + ...)
<latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit>

Õ(��1nnz + ...)
<latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit><latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit><latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit><latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit>



Results: State of the Art

- eigenvalue threshold;
- eigengap;

- number of top eigenvalues;
nnz - number of nonzeros;

�
<latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>
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Classic method:
through computing top-k

eigenvectors explicitly

e.g. power method

Recent method:
through polynomial

approximation of sign(x)

[AL ’17, MMS ’18]

Our method:
through rational

approximation of sign(x)

linear in linear ink
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<latexit sha1_base64="ZjdIqAeEN1PGbjk4Py1J/w6ACdw=">AAAB8nicdVDLSgMxFM34rPVVdekmWAQ3Dpl2YFwW3Oiugn1AO5ZMmmlDk8yQZIQy9DPcuFDErV/jzr8xnVZQ0QMXDufcy733RCln2iD04aysrq1vbJa2yts7u3v7lYPDtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR5HLud+6p0iyRt2aa0lDgkWQxI9hYqdcfYSHwXX7uzQaVKnL9AAX1GkQuqvmBV5AA1X0EPRcVqIIlmoPKe3+YkExQaQjHWvc8lJowx8owwums3M80TTGZ4BHtWSqxoDrMi5Nn8NQqQxgnypY0sFC/T+RYaD0Vke0U2Iz1b28u/uX1MhNfhDmTaWaoJItFccahSeD8fzhkihLDp5Zgopi9FZIxVpgYm1LZhvD1KfyftGuuh1zvxq82rpdxlMAxOAFnwAMBaIAr0AQtQEACHsATeHaM8+i8OK+L1hVnOXMEfsB5+wQzJpE3</latexit><latexit sha1_base64="ZjdIqAeEN1PGbjk4Py1J/w6ACdw=">AAAB8nicdVDLSgMxFM34rPVVdekmWAQ3Dpl2YFwW3Oiugn1AO5ZMmmlDk8yQZIQy9DPcuFDErV/jzr8xnVZQ0QMXDufcy733RCln2iD04aysrq1vbJa2yts7u3v7lYPDtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR5HLud+6p0iyRt2aa0lDgkWQxI9hYqdcfYSHwXX7uzQaVKnL9AAX1GkQuqvmBV5AA1X0EPRcVqIIlmoPKe3+YkExQaQjHWvc8lJowx8owwums3M80TTGZ4BHtWSqxoDrMi5Nn8NQqQxgnypY0sFC/T+RYaD0Vke0U2Iz1b28u/uX1MhNfhDmTaWaoJItFccahSeD8fzhkihLDp5Zgopi9FZIxVpgYm1LZhvD1KfyftGuuh1zvxq82rpdxlMAxOAFnwAMBaIAr0AQtQEACHsATeHaM8+i8OK+L1hVnOXMEfsB5+wQzJpE3</latexit><latexit sha1_base64="ZjdIqAeEN1PGbjk4Py1J/w6ACdw=">AAAB8nicdVDLSgMxFM34rPVVdekmWAQ3Dpl2YFwW3Oiugn1AO5ZMmmlDk8yQZIQy9DPcuFDErV/jzr8xnVZQ0QMXDufcy733RCln2iD04aysrq1vbJa2yts7u3v7lYPDtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR5HLud+6p0iyRt2aa0lDgkWQxI9hYqdcfYSHwXX7uzQaVKnL9AAX1GkQuqvmBV5AA1X0EPRcVqIIlmoPKe3+YkExQaQjHWvc8lJowx8owwums3M80TTGZ4BHtWSqxoDrMi5Nn8NQqQxgnypY0sFC/T+RYaD0Vke0U2Iz1b28u/uX1MhNfhDmTaWaoJItFccahSeD8fzhkihLDp5Zgopi9FZIxVpgYm1LZhvD1KfyftGuuh1zvxq82rpdxlMAxOAFnwAMBaIAr0AQtQEACHsATeHaM8+i8OK+L1hVnOXMEfsB5+wQzJpE3</latexit><latexit sha1_base64="ZjdIqAeEN1PGbjk4Py1J/w6ACdw=">AAAB8nicdVDLSgMxFM34rPVVdekmWAQ3Dpl2YFwW3Oiugn1AO5ZMmmlDk8yQZIQy9DPcuFDErV/jzr8xnVZQ0QMXDufcy733RCln2iD04aysrq1vbJa2yts7u3v7lYPDtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR5HLud+6p0iyRt2aa0lDgkWQxI9hYqdcfYSHwXX7uzQaVKnL9AAX1GkQuqvmBV5AA1X0EPRcVqIIlmoPKe3+YkExQaQjHWvc8lJowx8owwums3M80TTGZ4BHtWSqxoDrMi5Nn8NQqQxgnypY0sFC/T+RYaD0Vke0U2Iz1b28u/uX1MhNfhDmTaWaoJItFccahSeD8fzhkihLDp5Zgopi9FZIxVpgYm1LZhvD1KfyftGuuh1zvxq82rpdxlMAxOAFnwAMBaIAr0AQtQEACHsATeHaM8+i8OK+L1hVnOXMEfsB5+wQzJpE3</latexit>

nearly-linear!

Õ(k · nnz + ...)
<latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit><latexit sha1_base64="CVkTwKZQ6ZlnIVRiWoP2DUQzOok="></latexit>

Õ(��1nnz + ...)
<latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit><latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit><latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit><latexit sha1_base64="AxNGnlNKmiurDItWI0FVZbdyrno="></latexit>

Õ(nnz + ...)
<latexit sha1_base64="DKswDDotDaTBirGTrlp33OBCi3c=">AAACBHicdVDLSgMxFM34rPVVddlNsAgVYci0A+Oy4EZXVrAP6JSSSdM2NJMZkoxQhy7c+CtuXCji1o9w59+YTiuo6IELh3Pu5d57gpgzpRH6sJaWV1bX1nMb+c2t7Z3dwt5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+Gzmt26oVCwS13oS026Ih4INGMHaSL1C0deM92l6OS37IdYjGaZC3E5PbNs+7hVKyHY95FUrENmo4npORjxUdRF0bJShBBao9wrvfj8iSUiFJhwr1XFQrLsplpoRTqd5P1E0xmSMh7RjqMAhVd00e2IKj4zSh4NImhIaZur3iRSHSk3CwHTODlW/vZn4l9dJ9OC0mzIRJ5oKMl80SDjUEZwlAvtMUqL5xBBMJDO3QjLCEhNtcsubEL4+hf+TZsV2kO1cuaXaxSKOHCiCQ1AGDvBADZyDOmgAAu7AA3gCz9a99Wi9WK/z1iVrMXMAfsB6+wRTcZfj</latexit><latexit sha1_base64="DKswDDotDaTBirGTrlp33OBCi3c=">AAACBHicdVDLSgMxFM34rPVVddlNsAgVYci0A+Oy4EZXVrAP6JSSSdM2NJMZkoxQhy7c+CtuXCji1o9w59+YTiuo6IELh3Pu5d57gpgzpRH6sJaWV1bX1nMb+c2t7Z3dwt5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+Gzmt26oVCwS13oS026Ih4INGMHaSL1C0deM92l6OS37IdYjGaZC3E5PbNs+7hVKyHY95FUrENmo4npORjxUdRF0bJShBBao9wrvfj8iSUiFJhwr1XFQrLsplpoRTqd5P1E0xmSMh7RjqMAhVd00e2IKj4zSh4NImhIaZur3iRSHSk3CwHTODlW/vZn4l9dJ9OC0mzIRJ5oKMl80SDjUEZwlAvtMUqL5xBBMJDO3QjLCEhNtcsubEL4+hf+TZsV2kO1cuaXaxSKOHCiCQ1AGDvBADZyDOmgAAu7AA3gCz9a99Wi9WK/z1iVrMXMAfsB6+wRTcZfj</latexit><latexit sha1_base64="DKswDDotDaTBirGTrlp33OBCi3c=">AAACBHicdVDLSgMxFM34rPVVddlNsAgVYci0A+Oy4EZXVrAP6JSSSdM2NJMZkoxQhy7c+CtuXCji1o9w59+YTiuo6IELh3Pu5d57gpgzpRH6sJaWV1bX1nMb+c2t7Z3dwt5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+Gzmt26oVCwS13oS026Ih4INGMHaSL1C0deM92l6OS37IdYjGaZC3E5PbNs+7hVKyHY95FUrENmo4npORjxUdRF0bJShBBao9wrvfj8iSUiFJhwr1XFQrLsplpoRTqd5P1E0xmSMh7RjqMAhVd00e2IKj4zSh4NImhIaZur3iRSHSk3CwHTODlW/vZn4l9dJ9OC0mzIRJ5oKMl80SDjUEZwlAvtMUqL5xBBMJDO3QjLCEhNtcsubEL4+hf+TZsV2kO1cuaXaxSKOHCiCQ1AGDvBADZyDOmgAAu7AA3gCz9a99Wi9WK/z1iVrMXMAfsB6+wRTcZfj</latexit><latexit sha1_base64="DKswDDotDaTBirGTrlp33OBCi3c=">AAACBHicdVDLSgMxFM34rPVVddlNsAgVYci0A+Oy4EZXVrAP6JSSSdM2NJMZkoxQhy7c+CtuXCji1o9w59+YTiuo6IELh3Pu5d57gpgzpRH6sJaWV1bX1nMb+c2t7Z3dwt5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB+Gzmt26oVCwS13oS026Ih4INGMHaSL1C0deM92l6OS37IdYjGaZC3E5PbNs+7hVKyHY95FUrENmo4npORjxUdRF0bJShBBao9wrvfj8iSUiFJhwr1XFQrLsplpoRTqd5P1E0xmSMh7RjqMAhVd00e2IKj4zSh4NImhIaZur3iRSHSk3CwHTODlW/vZn4l9dJ9OC0mzIRJ5oKMl80SDjUEZwlAvtMUqL5xBBMJDO3QjLCEhNtcsubEL4+hf+TZsV2kO1cuaXaxSKOHCiCQ1AGDvBADZyDOmgAAu7AA3gCz9a99Wi9WK/z1iVrMXMAfsB6+wRTcZfj</latexit>



PCP(PCR) solver runtime:
(unaccelerated)

(accelerated)

- n-by-d data matrix;
- interested top-eigenspace;
- projection onto .

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

A
<latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit>

P�
<latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit>

Our results: PCP (PCR)

- eigenvalue threshold;
- eigengap;

- number of top eigenvalues;
nnz - number of nonzeros;

�
<latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>


�
= �1/�; sr(A)

�
= kAk2F/�1.

<latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit><latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit><latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit><latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit>

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

Õ(nnz + d · sr(A) · 2
�
�2)

<latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit><latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit><latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit><latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit>

Õ(nnz +
p

nnz · d · sr(A) · ��1)
<latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit><latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit><latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit><latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit>



PCP(PCR) solver runtime:
(unaccelerated)

(accelerated)

- n-by-d data matrix;
- interested top-eigenspace;
- projection onto .

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

A
<latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit><latexit sha1_base64="U7YNxz4rR9gHcwqNp2Eh0uNOS1Y=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZlNFtZjxIveEjAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42QTQUULGoqqbrq7glRwpQn5sApr6xubW8Xt0s7u3v5B+fCorZJMMmixRCSyG1AFgsfQ0lwL6KYSaBQI6ASTq4XfuQepeBLf6mkKfkRHMQ85o9pIzctBuUJs1yNerYqJTaqu5+TEIzWXYMcmOSpohcag/N4fJiyLINZMUKV6Dkm1P6NScyZgXupnClLKJnQEPUNjGoHyZ/mhc3xmlCEOE2kq1jhXv0/MaKTUNApMZ0T1WP32FuJfXi/T4YU/43GaaYjZclGYCawTvPgaD7kEpsXUEMokN7diNqaSMm2yKZkQvj7F/5N21XaI7TTdSv1mFUcRnaBTdI4c5KE6ukYN1EIMAXpAT+jZurMerRfrddlasFYzx+gHrLdP4gONAQ==</latexit>

P�
<latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit><latexit sha1_base64="giS6gYkT2yyspZcDe9yb/m2YlEQ=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLtwLgsunFZwT6kHUomk2lDk8yQZIRS+hVuXCji1s9x59+YTiuo6IHA4Zxzyb0nyjjTBqEPp7S2vrG5Vd6u7Ozu7R9UD486Os0VoW2S8lT1IqwpZ5K2DTOc9jJFsYg47UaTq4XfvadKs1TemmlGQ4FHkiWMYGOlu9ZwwG04xsNqDbl+gIJGHSIX1f3AK0iAGj6CnosK1MAKrWH1fRCnJBdUGsKx1n0PZSacYWUY4XReGeSaZphM8Ij2LZVYUB3OioXn8MwqMUxSZZ80sFC/T8yw0HoqIpsU2Iz1b28h/uX1c5NchDMms9xQSZYfJTmHJoWL62HMFCWGTy3BRDG7KyRjrDAxtqOKLeHrUvg/6dRdD7nejV9rXq7qKIMTcArOgQcC0ATXoAXagAABHsATeHaU8+i8OK/LaMlZzRyDH3DePgHiFpB1</latexit>

Our results: PCP (PCR)

- eigenvalue threshold;
- eigengap;

- number of top eigenvalues;
nnz - number of nonzeros;

�
<latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>


�
= �1/�; sr(A)

�
= kAk2F/�1.

<latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit><latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit><latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit><latexit sha1_base64="ZfNDV7YqxneMHTq4hVT6GkXRirc="></latexit>

PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

Õ(nnz + d · sr(A) · 2
�
�2)

<latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit><latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit><latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit><latexit sha1_base64="szc+w2fVIDEQox7/580W7J5fj6M="></latexit>

Õ(nnz +
p

nnz · d · sr(A) · ��1)
<latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit><latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit><latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit><latexit sha1_base64="9V3R96Wl50wvVS2CkgsDWbq7rsA="></latexit>

Low-order for 
large n



Technique #1: Rational Approximation “Stronger linear algebraic
primitives solve problem in

fewer steps”



Technique #1: Rational Approximation “Stronger linear algebraic
primitives solve problem in

fewer steps”

• Reduce problem to find function and applyr(x) ⇡✏ sign(x)
<latexit sha1_base64="5PGNwkpx3rtrf4pL0xoky8myCFA="></latexit><latexit sha1_base64="5PGNwkpx3rtrf4pL0xoky8myCFA="></latexit><latexit sha1_base64="5PGNwkpx3rtrf4pL0xoky8myCFA="></latexit><latexit sha1_base64="5PGNwkpx3rtrf4pL0xoky8myCFA="></latexit>

1

2

⇥
r
�
A>A� �I

�
v + v

⇤
<latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="h1jziuRBnqV+adN31HAOPGAa6OA=">AAACGnicbZDLSgMxFIbPeK3jrbp1EyxCRSwz3ejChcWN7ipYLcyMJZNm2mDmQnKmUIa+jBtfxY0Liwi+jellodUDIT//n5PkfGEmhUbH+bKWlldW19ZLG/bm1vbObnlv616nuWK8xVKZqnZINZci4S0UKHk7U5zGoeQP4dPVJH8YcKVFmtzhMONBTHuJiASjaKxO+cL2I0VZ4Y6K+siXPEJPTbdq49HHNCONU1+a67qU3PhK9Pp4PDgZzFTQKVecmjMt8le4c1GBeTU75bHfTVke8wSZpFp7rpNhUFCFgkk+sv1c84yyJ9rjnpEJjbkOiumUI3JknC6JUmVWgmTq/uwoaKz1MA7NyZhiXy9mE/O/zMsxOg8KkWQ58oTNHopySTAlE2SkKxRnKIdGUKaE+SthfWqooQFrGwju4sh/xX295jo199aBEhzAIVTBhTO4hGtoQgsYPMMrvMPYerHerI8ZriVrzm0ffpX1+Q3n1KNe</latexit><latexit sha1_base64="h1jziuRBnqV+adN31HAOPGAa6OA=">AAACGnicbZDLSgMxFIbPeK3jrbp1EyxCRSwz3ejChcWN7ipYLcyMJZNm2mDmQnKmUIa+jBtfxY0Liwi+jellodUDIT//n5PkfGEmhUbH+bKWlldW19ZLG/bm1vbObnlv616nuWK8xVKZqnZINZci4S0UKHk7U5zGoeQP4dPVJH8YcKVFmtzhMONBTHuJiASjaKxO+cL2I0VZ4Y6K+siXPEJPTbdq49HHNCONU1+a67qU3PhK9Pp4PDgZzFTQKVecmjMt8le4c1GBeTU75bHfTVke8wSZpFp7rpNhUFCFgkk+sv1c84yyJ9rjnpEJjbkOiumUI3JknC6JUmVWgmTq/uwoaKz1MA7NyZhiXy9mE/O/zMsxOg8KkWQ58oTNHopySTAlE2SkKxRnKIdGUKaE+SthfWqooQFrGwju4sh/xX295jo199aBEhzAIVTBhTO4hGtoQgsYPMMrvMPYerHerI8ZriVrzm0ffpX1+Q3n1KNe</latexit><latexit sha1_base64="7eESUikDW+Q0IxX1Tqjh0/IQpSc="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit><latexit sha1_base64="mCZuLzb+na+QnI99bUOGrl+uvII="></latexit>



Technique #1: Rational Approximation “Stronger linear algebraic
primitives solve problem in

fewer steps”

• Reduce problem to find function and applyr(x) ⇡✏ sign(x)
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desired Zolotarev rational:
[Zolotarev 1877]

r��k (x) = Cx
Y

i2[k]

x2 + c2i
x2 + c2i�1

with ci
def
= �2

sn2( iK0

2k+1 ; �
0)

cn2( iK0

2k+1 ; �
0)
, i 2 [2k].

<latexit sha1_base64="PhHNQhj3xgj4ixnlqou/hsWwxA8="></latexit><latexit sha1_base64="PhHNQhj3xgj4ixnlqou/hsWwxA8="></latexit><latexit sha1_base64="PhHNQhj3xgj4ixnlqou/hsWwxA8="></latexit><latexit sha1_base64="PhHNQhj3xgj4ixnlqou/hsWwxA8="></latexit>

⇡ sign(x)
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Technique #1: Rational Approximation “Stronger linear algebraic
primitives solve problem in

fewer steps”

• Same degree in comparison with standard polynomials [FMMS16], [AL17]



Technique #1: Rational Approximation “Stronger linear algebraic
primitives solve problem in

fewer steps”

• Compared with standard polynomials [FMMS16], [AL17]

Better Approximation Quality under same degree



Technique #2: Asymmetric SVRG solver “Variance reduction for
non-convex problems”



(M2 + µ2I)x = v
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Technique #2: Asymmetric SVRG solver

Solving squared system PSD

“Variance reduction for
non-convex problems”
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(M2 + µ2I)x = v
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Technique #2: Asymmetric SVRG solver

Solving squared system

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Solving asymmetric system

PSD

non-PSD

“Variance reduction for
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<latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4lia+mpW7cfc1WUXjW/0KsqnLZ4="></latexit><latexit sha1_base64="4lia+mpW7cfc1WUXjW/0KsqnLZ4="></latexit><latexit sha1_base64="/NS4Ol/gX6nNrQ23eFeNnUazxII="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit>

(M2 + µ2I)x = v
<latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit><latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit><latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit><latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit>

Technique #2: Asymmetric SVRG solver

Solving squared system

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Solving asymmetric system

PSD

non-PSD
non-convex

BUT
smaller variance!

“Variance reduction for
non-convex problems”
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<latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4lia+mpW7cfc1WUXjW/0KsqnLZ4="></latexit><latexit sha1_base64="4lia+mpW7cfc1WUXjW/0KsqnLZ4="></latexit><latexit sha1_base64="/NS4Ol/gX6nNrQ23eFeNnUazxII="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit><latexit sha1_base64="FxGsUAQFVVyvXOPWcV7neW/SCHk="></latexit>

(M2 + µ2I)x = v
<latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit><latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit><latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit><latexit sha1_base64="u2wxGgt2P74vH4SMRBSnU+5NiSg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhIoTdIOhFCHrRgxDBPCDZhNnJbDJkdnaZmQ2GJX/ixYMiXv0Tb/6Nk8dBEwsaiqpuurv8mDOlHefbyqysrq1vZDdzW9s7u3v2/kFNRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O6/7gZuLXh1QqFolHPYqpF+KeYAEjWBupY9uF+3bprBUm7RK6O326GnbsvFN0pkDLxJ2TPMxR6dhfrW5EkpAKTThWquk6sfZSLDUjnI5zrUTRGJMB7tGmoQKHVHnp9PIxOjFKFwWRNCU0mqq/J1IcKjUKfdMZYt1Xi95E/M9rJjq49FIm4kRTQWaLgoQjHaFJDKjLJCWajwzBRDJzKyJ9LDHRJqycCcFdfHmZ1EpF1ym6D+f58vU8jiwcwTEUwIULKMMtVKAKBIbwDK/wZqXWi/VufcxaM9Z85hD+wPr8ASAhkgY=</latexit>

Technique #2: Asymmetric SVRG solver

Solving squared system

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Solving asymmetric system

PSD

non-PSD
non-convex

BUT
smaller variance!

“Variance reduction for
non-convex problems”

Our method for
solving asymmetric

SVRG (variance-reduced
stochastic gradient descent)

Savings:
Dimensional-related factor in runtime compared with solving squared systems directly

eO(nnz + d · sr(A) · 1/µ2)
<latexit sha1_base64="m6QzwyPOA7/sb74VXZnaeGa1di4="></latexit><latexit sha1_base64="m6QzwyPOA7/sb74VXZnaeGa1di4="></latexit><latexit sha1_base64="m6QzwyPOA7/sb74VXZnaeGa1di4="></latexit><latexit sha1_base64="m6QzwyPOA7/sb74VXZnaeGa1di4="></latexit>



Results: main ideas PCP: project a given vector onto ,
= compute P�v
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V?
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1. Rational function approx.
reduce to solve O(1)

linear systems in form
Õ(1)

<latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit><latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit><latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit><latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit>

((A>A� �I)2 + cI)x = v
<latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit><latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit><latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit><latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit>

2. Asymmetric SVRG applied
to nonconvex problem

Runtime: 1111111111111Õ(nnz + d · sr(A)��2
�
�2)

<latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit><latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit><latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit><latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit>



Results: main ideas PCP: project a given vector onto ,
= compute P�v

<latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="PM0sVgL6axfNm+leUvzEQQai20U=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHcqdzG0bmsmMSaZQhv4ONy4U8Q+589+YPhZqPRD4OOeG3Jwok8JY3//ySlvbO7t75f3KQfXw6Lh2Um2bNNecWjyVqe5GaEgKRS0rrKRupgmTSFInmtwt8s6UtBGperSzjMIER0oMBUfrrLA5KPrSTcfI5tNBre43/KXYJgRrqMNazUHtsx+nPE9IWS7RmF7gZzYsUFvBJc0r/dxQhnyCI+o5VJiQCYvl0nN24ZyYDVPtjrJs6f68UWBizCyJ3GSCdmz+Zgvzv6yX2+FNWAiV5ZYUXz00zCWzKVs0wGKhiVs5c4BcC7cr42PUyK3rqeJKCP5+eRPaV43AbwQPPpThDM7hEgK4hlu4hya0gMMTPMMrvHlT78V7X9VV8ta9ncIveR/fS46Qlw==</latexit><latexit sha1_base64="WzKx0nZ8XlCeOKRVqkyHwN7fp38=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymQyaYdOJnHmplBCv8ONC0Xc+jHu/BunbRbaemDgcM653DsnSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju7nfmXBtRKIecZpyP6ZDJSLBKFrJbw7yvrTpkJLZZFCtuXV3AbJOvILUoEBzUP3qhwnLYq6QSWpMz3NT9HOqUTDJZ5V+ZnhK2ZgOec9SRWNu/Hxx9IxcWCUkUaLtU0gW6u+JnMbGTOPAJmOKI7PqzcX/vF6G0Y2fC5VmyBVbLooySTAh8wZIKDRnKKeWUKaFvZWwEdWUoe2pYkvwVr+8TtpXdc+tew9urXFb1FGGMziHS/DgGhpwD01oAYMneIZXeHMmzovz7nwsoyWnmDmFP3A+fwCTipHy</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit><latexit sha1_base64="1llgA3J2iXGqzl+R5s9RwcKRDwI=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctEMnkzgzKZTQ73DjQhG3fow7/8Zpm4W2Hhg4nHMu984JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8Rj/vCZsOKZmO+5WqW3PnIKvEK0gVCjT6la9emLAsRmmYoFp3PTc1fk6V4UzgtNzLNKaUjegAu5ZKGqP28/nRU3JulZBEibJPGjJXf0/kNNZ6Egc2GVMz1MveTPzP62YmuvFzLtPMoGSLRVEmiEnIrAEScoXMiIkllClubyVsSBVlxvZUtiV4y19eJa3LmufWvIerav22qKMEp3AGF+DBNdThHhrQBAZP8Ayv8OaMnRfn3flYRNecYuYE/sD5/AGUypH2</latexit>

V?
<latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit><latexit sha1_base64="+AHP+bfa8IBC3xDOnt5F0PanFtw=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchUkbiMuCG91VsA9oYplMJ+3QyYOZiVJiP8WNC0Xc+iXu/BsnaQUVPTBwOOde7pkTpJxJhdCHsbK6tr6xWdmqbu/s7u2btYOuTDJBaIckPBH9AEvKWUw7iilO+6mgOAo47QXT88Lv3VIhWRJfq1lK/QiPYxYygpWWhmbNi7CaEMzz7vzGkwqLoVlHluMit9mAyEINx7VL4qKmg6BtoRJ1sER7aL57o4RkEY0V4VjKgY1S5edYKEY4nVe9TNIUkyke04GmMY6o9PMy+hyeaGUEw0ToFytYqt83chxJOYsCPVkElb+9QvzLG2QqPPNzFqeZojFZHAozDlUCix7giAlKFJ9pgolgOiskEywwUbqtqi7h66fwf9JtWDay7Cun3rpc1lEBR+AYnAIbuKAFLkAbdAABd+ABPIFn4954NF6M18XoirHcOQQ/YLx9Ag5olIk=</latexit>

1. Rational function approx.
reduce to solve O(1)

linear systems in form
Õ(1)

<latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit><latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit><latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit><latexit sha1_base64="XYLbMxqyS5f/qHvSTKI7zyLgGLE=">AAAB83icdVDLSsNAFJ3UV62vqks3g0WomzBpA3FZcKMrK9gHNKFMJtN26GQSZiZCCf0NNy4UcevPuPNvnKYVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//oHp41FVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOL1c+L17KhVLxJ2epTSI8ViwESNYG8n3NeMRzW/mded8WK0h2/WQ12xAZKOG6zkF8VDTRdCxUYEaWKE9rL77UUKymApNOFZq4KBUBzmWmhFO5xU/UzTFZIrHdGCowDFVQV7cPIdnRongKJGmhIaF+n0ix7FSszg0nTHWE/XbW4h/eYNMjy6CnIk001SQ5aJRxqFO4CIAGDFJieYzQzCRzNwKyQRLTLSJqWJC+PoU/k+6DdtBtnPr1lrXqzjK4AScgjpwgAda4Aq0QQcQkIIH8ASercx6tF6s12VryVrNHIMfsN4+AZPPkWU=</latexit>

((A>A� �I)2 + cI)x = v
<latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit><latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit><latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit><latexit sha1_base64="n2PPbT0qK33MlsL2kJJ2O2wsRQE="></latexit>

2. Asymmetric SVRG applied
to nonconvex problem

Runtime: 1111111111111Õ(nnz + d · sr(A)��2
�
�2)

<latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit><latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit><latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit><latexit sha1_base64="DFOQqYxmByzYlfv5TVv0DUb30F8="></latexit>

Õ(nnz + d · sr(A) · 
2

�2
)

<latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="WRsihkv6xejvMXqRILTA0n9byYw="></latexit><latexit sha1_base64="WRsihkv6xejvMXqRILTA0n9byYw="></latexit><latexit sha1_base64="RtdEx52quvM7mTzEdiXwuIeSJWc="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit><latexit sha1_base64="9uisQ2eMYbcU9J6ytDBgfI6vk6M="></latexit>

Overall complexity
(unaccelerated):



Takeaways:

• Idea:
I. rational function allows lower degree approximation
II. better variance reduction by extending the problem to larger

dimension space

• Solver:
I. for structured squared / asymmetric / non-PSD systems
II. for sign and square-root matrix function approximation
III. for nearly-linear time PCP and PCR solver
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Thank you!
Yujia Jin Aaron Sidford

Questions?
• Welcome to our poster @ 10:45am – 11:45am, Wednesday (12/11)

@ East Exhibition Hall B + C #162
• arxiv: 1910.06517
• Email: yujiajin@stanford.edu


