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Old problem: eigenvector computation

¨ Compute top eigenvector of a symmetric matrix A

¨ Many applications in data science: 
¨ PCA, low-rank approximation, spectral clustering

¨ Network analysis: eigenvector centrality

<latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1

= <latexit sha1_base64="GU9HdS/oaS4Kngsj7G3Xx/HPK6s=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqqMeiF48V7Ae0S8mm2TY0ya5JVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wj26nfemLa8Fg92HHCAkkGikecEuukdtfwgSQ9v1eueFVvBrxM/JxUIEe9V/7q9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZvRN84pQ+jmLtSlk8U39PZEQaM5ah65TEDs2iNxX/8zqpja6DjKsktUzR+aIoFdjGePo87nPNqBVjRwjV3N2K6ZBoQq2LqORC8BdfXibNs6p/WT2/v6jUbvI4inAEx3AKPlxBDe6gDg2gIOAZXuENPaIX9I4+5q0FlM8cwh+gzx/IYY/P</latexit>�1

<latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1



Old problem: eigenvector computation

¨ Compute top eigenvector of a symmetric matrix A

¨ Challenge:

¨ Matrix A could be large and stored in distributed manner
¨ Fully observing A may be costly or infeasible

¨ e.g., drug-interaction networks, biological networks

<latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1
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<latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1



Eigenvector estimation from partial observations

¨ Symmetric matrix 

¨ Budget of B entry observations

<latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1

= <latexit sha1_base64="GU9HdS/oaS4Kngsj7G3Xx/HPK6s=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqqMeiF48V7Ae0S8mm2TY0ya5JVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wj26nfemLa8Fg92HHCAkkGikecEuukdtfwgSQ9v1eueFVvBrxM/JxUIEe9V/7q9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZvRN84pQ+jmLtSlk8U39PZEQaM5ah65TEDs2iNxX/8zqpja6DjKsktUzR+aIoFdjGePo87nPNqBVjRwjV3N2K6ZBoQq2LqORC8BdfXibNs6p/WT2/v6jUbvI4inAEx3AKPlxBDe6gDg2gIOAZXuENPaIX9I4+5q0FlM8cwh+gzx/IYY/P</latexit>�1

<latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1

<latexit sha1_base64="iSjgwNhg+ef4I7bV2Xo3stpxu3I="></latexit>

A 2 {0, 1}n⇥n

Questions:

¨ How large does B have to be for              ?

¨ Can adaptivity help?



Main result

¨ Adaptive Power Method (APM)

¨ Adaptively select new observations based on current 

Theorem (informal): With observations,

with probability              .

<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit>

sin(û1, u1)  ✏

update



Power Method (classical)

¨ Start with random unitary vector 

=

normalize

<latexit sha1_base64="Vkwdq6ry94UuUiaNgAnwjNXizuA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyqqMegF48RzAOSNcxOOsmQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwrqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLh3dRvjFBpHslHM47RD2lf8h5n1FipMXpKS97ZpFMoumV3BrJMvIwUIUO1U/hqdyOWhCgNE1TrlufGxk+pMpwJnOTbicaYsiHtY8tSSUPUfjo7d0JOrdIlvUjZkobM1N8TKQ21HoeB7QypGehFbyr+57US07vxUy7jxKBk80W9RBATkenvpMsVMiPGllCmuL2VsAFVlBmbUN6G4C2+vEzq52XvqnzxcFms3GZx5OAYTqAEHlxDBe6hCjVgMIRneIU3J3ZenHfnY9664mQzR/AHzucPlmiPFg==</latexit>

v(1)

¨ After iterations, 

¨ What if we can only observe A partially?

¨ We can estimate each

<latexit sha1_base64="YOtix69zs7YxA/+J2uLmV9wnzqo="></latexit>

L = O

✓
�1

�1 � �2
log

⇣
n

✏

⌘◆

<latexit sha1_base64="xAaioemTXKR8cmgOJoUNxPo4bk8=">AAACCnicbVC7TgJBFJ3FF+ILtbQZJSZYSHbVqCXRxsICE3kk7EpmhwtMmH04M0tCVmobf8XGQmNs/QI7/8ZZ2ELBk0xycs65uXOPG3ImlWl+G5m5+YXFpexybmV1bX0jv7lVk0EkKFRpwAPRcIkEznyoKqY4NEIBxHM51N3+ZeLXByAkC/xbNQzB8UjXZx1GidJSK79rP+CoZeFDPLiLi9cHI6wFm8M9tiGUjCeZglkyx8CzxEpJAaWotPJfdjugkQe+opxI2bTMUDkxEYpRDqOcHUkICe2TLjQ19YkH0onHp4zwvlbauBMI/XyFx+rviZh4Ug49Vyc9onpy2kvE/7xmpDrnTsz8MFLg08miTsSxCnDSC24zAVTxoSaECqb/immPCEKVbi+nS7CmT54ltaOSdVo6vjkplC/SOrJoB+2hIrLQGSqjK1RBVUTRI3pGr+jNeDJejHfjYxLNGOnMNvoD4/MHnHqY/A==</latexit>

ku1 � v(L)k  ✏

<latexit sha1_base64="AGRJfb2ii05q4mvyOamUnovHIMk=">AAACNXicbVBLTwIxGOziC/GFevTSSCR4EHfVqBcT1IsHD5jII2GRdEsXGrqPtF2SzcKf8uL/8KQHDxrj1b9gWTaK4iRNpvPNpP3G8hkVUteftdTM7Nz8Qnoxs7S8srqWXd+oCi/gmFSwxzxet5AgjLqkIqlkpO5zghyLkZrVuxzNa33CBfXcWxn6pOmgjkttipFUUit7nYfhXVQwCWO7Q3gGz2E/ue4ZSjDNTP5biQ0/7n1oDibD5qCVzelFPQacJkZCciBBuZV9NNseDhziSsyQEA1D92UzQlxSzMgwYwaC+Aj3UIc0FHWRQ0Qzircewh2ltKHtcXVcCWN1MhEhR4jQsZTTQbIr/s5G4n+zRiDt02ZEXT+QxMXjh+yAQenBUYWwTTnBkoWKIMyp+ivEXcQRlqrojCrB+LvyNKkeFI3j4uHNUa50kdSRBltgGxSAAU5ACVyBMqgADO7BE3gFb9qD9qK9ax9ja0pLMpvgF7TPL15Xp6g=</latexit>

y(`) = Av(`�1)

v(`) = y(`)/ky(`)k



Adaptive Power Method

¨ Start with random unitary vector 

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn
…

observe         w. p. 
<latexit sha1_base64="ieVG30woKPYBEmzNWubgc1QJX28=">AAAB+nicbVDLTgIxFO34RHwNunTTSExckRk06pLoxiUm8khgnHRKBwqdtmk7GIJ8ihsXGuPWL3Hn31hgFgqe5CYn59ybe++JJKPaeN63s7K6tr6xmdvKb+/s7u27hYO6FqnCpIYFE6oZIU0Y5aRmqGGkKRVBScRIIxrcTP3GkChNBb83I0mCBHU5jSlGxkqhW5BhH7alEtIIOAz7D+XQLXolbwa4TPyMFEGGauh+tTsCpwnhBjOkdcv3pAnGSBmKGZnk26kmEuEB6pKWpRwlRAfj2ekTeGKVDoyFssUNnKm/J8Yo0XqURLYzQaanF72p+J/XSk18FYwpl6khHM8XxSmD9s1pDrBDFcGGjSxBWFF7K8Q9pBA2Nq28DcFffHmZ1Msl/6J0dnderFxnceTAETgGp8AHl6ACbkEV1AAGj+AZvII358l5cd6dj3nripPNHII/cD5/ALNxk6U=</latexit>

pj / v2j
<latexit sha1_base64="5wMu/kmIrlFqhnIND+NxQYcvjM4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9VLx4r2A9ol5JNs23abLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWM76Z+64kqzaR4NJOY+hEeCBYygo2Vmje9lI2yXrniVt0Z0DLxclKBHPVe+avblySJqDCEY607nhsbP8XKMMJpVuommsaYjPGAdiwVOKLaT2fXZujEKn0USmVLGDRTf0+kONJ6EgW2M8JmqBe9qfif10lMeO2nTMSJoYLMF4UJR0ai6euozxQlhk8swUQxeysiQ6wwMTagkg3BW3x5mTTPqt5l9fzholK7zeMowhEcwyl4cAU1uIc6NIDACJ7hFd4c6bw4787HvLXg5DOH8AfO5w+bU48p</latexit>

Aij

scale by 
<latexit sha1_base64="CLwRjMlzi2Ni+F/Rt4/oVokS22A=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qomKeix68VjBtIU2lM12267dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEykMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybITVcCsV9FCh5M9GcRqHkjXB4O/EbT1wbEasHHCU8iGhfiZ5gFK3ke6dJ57FTKrsVdwqySLyclCFHrVP6andjlkZcIZPUmJbnJhhkVKNgko+L7dTwhLIh7fOWpYpG3ATZ9NgxObZKl/RibUshmaq/JzIaGTOKQtsZURyYeW8i/ue1UuxdB5lQSYpcsdmiXioJxmTyOekKzRnKkSWUaWFvJWxANWVo8ynaELz5lxdJ/aziXVbO7y/K1Zs8jgIcwhGcgAdXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/NTKOTQ==</latexit>

1/pj

<latexit sha1_base64="D01Nf6TIaSbI5cxzi/3aYPKCnQ0=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPVi8cK9kPaUDababt0swm7E6GE/govHhTx6s/x5r9x2+ag1QcDj/dmmJkXJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1CNqIWN3jOAE/YgMl+oIztNJDF4UMIbua9MoVt+rOQP8SLycVkqPeK392w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOpYqFoHxs9nBE3pklZD2Y21LIZ2pPycyFhkzjgLbGTEcmkVvKv7ndVLsX/qZUEmKoPh8UT+VFGM6/Z6GQgNHObaEcS3srZQPmWYcbUYlG4K3+PJf0jypeufV07uzSu06j6NIDsghOSYeuSA1ckvqpEE4icgTeSGvjnaenTfnfd5acPKZffILzsc38leQgw==</latexit>

Ã

¨ With observations per iteration, w. p.               ,

¨ Proof is based on Bernstein’s inequality
¨ Will        converge to      ?

<latexit sha1_base64="+dPxM87/wrTdvvYDBuSD0E8qvc4="></latexit>

y(`) = Ã(`)v(`�1)

v(`) = y(`)/ky(`)k

<latexit sha1_base64="GlP7XxNc0rGeHACOw9dh4cvRGXM=">AAACFnicbVA9SwNBEN3z2/gVtbRZDIIWhjsVtRRt7FQwiZCLYW8zlyzu7R67c0I48its/Cs2ForYip3/xk1MoYkPBh7vzTAzL0qlsOj7X97E5NT0zOzcfGFhcWl5pbi6VrU6MxwqXEttbiJmQQoFFRQo4SY1wJJIQi26O+v7tXswVmh1jd0UGglrKxELztBJzeLuRSghxm1Kw9gwnqteHkJqhdTqdq9HQ6nbVDnTiHYHd5rFkl/2B6DjJBiSEhnisln8DFuaZwko5JJZWw/8FBs5Myi4hF4hzCykjN+xNtQdVSwB28gHb/XollNaNNbGlUI6UH9P5CyxtptErjNh2LGjXl/8z6tnGB83cqHSDEHxn0VxJilq2s+ItoQBjrLrCONGuFsp7zAXD7okCy6EYPTlcVLdKweH5f2rg9LJ6TCOObJBNsk2CcgROSHn5JJUCCcP5Im8kFfv0Xv23rz3n9YJbzizTv7A+/gG9POeng==</latexit>

O

⇣
n

✏2
log n

⌘

<latexit sha1_base64="B8T/ufmshq7kixiYlmqRGqpM80c=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyVRUY9FLx4r2A9sY9lsJ+3SzSbsbgol9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zbeVWVtfWN/Kbha3tnd294v5BQ0WJpFinEY9kyycKORNY10xzbMUSSehzbPrD26nfHKFULBIPehyjF5K+YAGjRBvpcfSUljvI+emkWyw5FWcGe5m4GSlBhlq3+NXpRTQJUWjKiVJt14m1lxKpGeU4KXQShTGhQ9LHtqGChKi8dHbxxD4xSs8OImlKaHum/p5ISajUOPRNZ0j0QC16U/E/r53o4NpLmYgTjYLOFwUJt3VkT9+3e0wi1XxsCKGSmVttOiCSUG1CKpgQ3MWXl0njrOJeVs7vL0rVmyyOPBzBMZTBhSuowh3UoA4UBDzDK7xZynqx3q2PeWvOymYO4Q+szx8wipCc</latexit>

v(`) <latexit sha1_base64="yVGIfK28IfxW9c6t7/AdHOjIipI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busnt9fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEJuo2l</latexit>u1



Adaptive Power Method

¨ Noisy Power Method
(Hardt and Price, 2014)

Theorem: NPM converges to                   if all satisfy

<latexit sha1_base64="fLqqoTbFMJ017H/2Hjei4O9JPgQ="></latexit>

y(`) = Av(`�1) + n(`)

v(`) = y(`)/ky(`)k
NPM:

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

…

observe         w. p. 
<latexit sha1_base64="ieVG30woKPYBEmzNWubgc1QJX28=">AAAB+nicbVDLTgIxFO34RHwNunTTSExckRk06pLoxiUm8khgnHRKBwqdtmk7GIJ8ihsXGuPWL3Hn31hgFgqe5CYn59ybe++JJKPaeN63s7K6tr6xmdvKb+/s7u27hYO6FqnCpIYFE6oZIU0Y5aRmqGGkKRVBScRIIxrcTP3GkChNBb83I0mCBHU5jSlGxkqhW5BhH7alEtIIOAz7D+XQLXolbwa4TPyMFEGGauh+tTsCpwnhBjOkdcv3pAnGSBmKGZnk26kmEuEB6pKWpRwlRAfj2ekTeGKVDoyFssUNnKm/J8Yo0XqURLYzQaanF72p+J/XSk18FYwpl6khHM8XxSmD9s1pDrBDFcGGjSxBWFF7K8Q9pBA2Nq28DcFffHmZ1Msl/6J0dnderFxnceTAETgGp8AHl6ACbkEV1AAGj+AZvII358l5cd6dj3nripPNHII/cD5/ALNxk6U=</latexit>

pj / v2j
<latexit sha1_base64="5wMu/kmIrlFqhnIND+NxQYcvjM4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9VLx4r2A9ol5JNs23abLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWM76Z+64kqzaR4NJOY+hEeCBYygo2Vmje9lI2yXrniVt0Z0DLxclKBHPVe+avblySJqDCEY607nhsbP8XKMMJpVuommsaYjPGAdiwVOKLaT2fXZujEKn0USmVLGDRTf0+kONJ6EgW2M8JmqBe9qfif10lMeO2nTMSJoYLMF4UJR0ai6euozxQlhk8swUQxeysiQ6wwMTagkg3BW3x5mTTPqt5l9fzholK7zeMowhEcwyl4cAU1uIc6NIDACJ7hFd4c6bw4787HvLXg5DOH8AfO5w+bU48p</latexit>

Aij

scale by 
<latexit sha1_base64="CLwRjMlzi2Ni+F/Rt4/oVokS22A=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qomKeix68VjBtIU2lM12267dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEykMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybITVcCsV9FCh5M9GcRqHkjXB4O/EbT1wbEasHHCU8iGhfiZ5gFK3ke6dJ57FTKrsVdwqySLyclCFHrVP6andjlkZcIZPUmJbnJhhkVKNgko+L7dTwhLIh7fOWpYpG3ATZ9NgxObZKl/RibUshmaq/JzIaGTOKQtsZURyYeW8i/ue1UuxdB5lQSYpcsdmiXioJxmTyOekKzRnKkSWUaWFvJWxANWVo8ynaELz5lxdJ/aziXVbO7y/K1Zs8jgIcwhGcgAdXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/NTKOTQ==</latexit>

1/pj

<latexit sha1_base64="D01Nf6TIaSbI5cxzi/3aYPKCnQ0=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPVi8cK9kPaUDababt0swm7E6GE/govHhTx6s/x5r9x2+ag1QcDj/dmmJkXJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1CNqIWN3jOAE/YgMl+oIztNJDF4UMIbua9MoVt+rOQP8SLycVkqPeK392w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOpYqFoHxs9nBE3pklZD2Y21LIZ2pPycyFhkzjgLbGTEcmkVvKv7ndVLsX/qZUEmKoPh8UT+VFGM6/Z6GQgNHObaEcS3srZQPmWYcbUYlG4K3+PJf0jypeufV07uzSu06j6NIDsghOSYeuSA1ckvqpEE4icgTeSGvjnaenTfnfd5acPKZffILzsc38leQgw==</latexit>

Ã

<latexit sha1_base64="+dPxM87/wrTdvvYDBuSD0E8qvc4="></latexit>

y(`) = Ã(`)v(`�1)

v(`) = y(`)/ky(`)k



Adaptive Power Method

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

…

observe         w. p. 
<latexit sha1_base64="ieVG30woKPYBEmzNWubgc1QJX28=">AAAB+nicbVDLTgIxFO34RHwNunTTSExckRk06pLoxiUm8khgnHRKBwqdtmk7GIJ8ihsXGuPWL3Hn31hgFgqe5CYn59ybe++JJKPaeN63s7K6tr6xmdvKb+/s7u27hYO6FqnCpIYFE6oZIU0Y5aRmqGGkKRVBScRIIxrcTP3GkChNBb83I0mCBHU5jSlGxkqhW5BhH7alEtIIOAz7D+XQLXolbwa4TPyMFEGGauh+tTsCpwnhBjOkdcv3pAnGSBmKGZnk26kmEuEB6pKWpRwlRAfj2ekTeGKVDoyFssUNnKm/J8Yo0XqURLYzQaanF72p+J/XSk18FYwpl6khHM8XxSmD9s1pDrBDFcGGjSxBWFF7K8Q9pBA2Nq28DcFffHmZ1Msl/6J0dnderFxnceTAETgGp8AHl6ACbkEV1AAGj+AZvII358l5cd6dj3nripPNHII/cD5/ALNxk6U=</latexit>

pj / v2j
<latexit sha1_base64="5wMu/kmIrlFqhnIND+NxQYcvjM4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9VLx4r2A9ol5JNs23abLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWM76Z+64kqzaR4NJOY+hEeCBYygo2Vmje9lI2yXrniVt0Z0DLxclKBHPVe+avblySJqDCEY607nhsbP8XKMMJpVuommsaYjPGAdiwVOKLaT2fXZujEKn0USmVLGDRTf0+kONJ6EgW2M8JmqBe9qfif10lMeO2nTMSJoYLMF4UJR0ai6euozxQlhk8swUQxeysiQ6wwMTagkg3BW3x5mTTPqt5l9fzholK7zeMowhEcwyl4cAU1uIc6NIDACJ7hFd4c6bw4787HvLXg5DOH8AfO5w+bU48p</latexit>

Aij

scale by 
<latexit sha1_base64="CLwRjMlzi2Ni+F/Rt4/oVokS22A=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qomKeix68VjBtIU2lM12267dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEykMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybITVcCsV9FCh5M9GcRqHkjXB4O/EbT1wbEasHHCU8iGhfiZ5gFK3ke6dJ57FTKrsVdwqySLyclCFHrVP6andjlkZcIZPUmJbnJhhkVKNgko+L7dTwhLIh7fOWpYpG3ATZ9NgxObZKl/RibUshmaq/JzIaGTOKQtsZURyYeW8i/ue1UuxdB5lQSYpcsdmiXioJxmTyOekKzRnKkSWUaWFvJWxANWVo8ynaELz5lxdJ/aziXVbO7y/K1Zs8jgIcwhGcgAdXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/NTKOTQ==</latexit>

1/pj

<latexit sha1_base64="D01Nf6TIaSbI5cxzi/3aYPKCnQ0=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPVi8cK9kPaUDababt0swm7E6GE/govHhTx6s/x5r9x2+ag1QcDj/dmmJkXJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1CNqIWN3jOAE/YgMl+oIztNJDF4UMIbua9MoVt+rOQP8SLycVkqPeK392w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOpYqFoHxs9nBE3pklZD2Y21LIZ2pPycyFhkzjgLbGTEcmkVvKv7ndVLsX/qZUEmKoPh8UT+VFGM6/Z6GQgNHObaEcS3srZQPmWYcbUYlG4K3+PJf0jypeufV07uzSu06j6NIDsghOSYeuSA1ckvqpEE4icgTeSGvjnaenTfnfd5acPKZffILzsc38leQgw==</latexit>

Ã

<latexit sha1_base64="+dPxM87/wrTdvvYDBuSD0E8qvc4="></latexit>

y(`) = Ã(`)v(`�1)

v(`) = y(`)/ky(`)k

¨ View APM as a version of the Noisy Power Method

Theorem: Suppose                       . Using 

observations and iterations, APM estimates the top 

eigenvector with                         , with probability              .
<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit>

sin(û1, u1)  ✏

<latexit sha1_base64="Y75rwd28gFhYVc3o19bl82Uw1cQ=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSJq4q6I2QtDGQjCCeUB2CbOT2WTI7MwyMyuEJY2/YmOhiK2fYeffOEm20MQDFw7n3Mu99wQxo0o7zreVW1hcWl7JrxbW1jc2t+ztnYYSicSkjgUTshUgRRjlpK6pZqQVS4KigJFmMLge+81HIhUV/EEPY+JHqMdpSDHSRurYe7fwEt6VPCZ6JX7kkVhRJni53LGLTsWZAM4TNyNFkKHWsb+8rsBJRLjGDCnVdp1Y+ymSmmJGRgUvUSRGeIB6pG0oRxFRfjp5YAQPjdKFoZCmuIYT9fdEiiKlhlFgOiOk+2rWG4v/ee1Ehxd+SnmcaMLxdFGYMKgFHKcBu1QSrNnQEIQlNbdC3EcSYW0yK5gQ3NmX50njuOKeVU7uT4vVqyyOPNgHB6AEXHAOquAG1EAdYDACz+AVvFlP1ov1bn1MW3NWNrML/sD6/AEyHZTk</latexit>

L = O(log(n/✏))



<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

…

observe         w. p. 
<latexit sha1_base64="ieVG30woKPYBEmzNWubgc1QJX28=">AAAB+nicbVDLTgIxFO34RHwNunTTSExckRk06pLoxiUm8khgnHRKBwqdtmk7GIJ8ihsXGuPWL3Hn31hgFgqe5CYn59ybe++JJKPaeN63s7K6tr6xmdvKb+/s7u27hYO6FqnCpIYFE6oZIU0Y5aRmqGGkKRVBScRIIxrcTP3GkChNBb83I0mCBHU5jSlGxkqhW5BhH7alEtIIOAz7D+XQLXolbwa4TPyMFEGGauh+tTsCpwnhBjOkdcv3pAnGSBmKGZnk26kmEuEB6pKWpRwlRAfj2ekTeGKVDoyFssUNnKm/J8Yo0XqURLYzQaanF72p+J/XSk18FYwpl6khHM8XxSmD9s1pDrBDFcGGjSxBWFF7K8Q9pBA2Nq28DcFffHmZ1Msl/6J0dnderFxnceTAETgGp8AHl6ACbkEV1AAGj+AZvII358l5cd6dj3nripPNHII/cD5/ALNxk6U=</latexit>

pj / v2j
<latexit sha1_base64="5wMu/kmIrlFqhnIND+NxQYcvjM4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9VLx4r2A9ol5JNs23abLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWM76Z+64kqzaR4NJOY+hEeCBYygo2Vmje9lI2yXrniVt0Z0DLxclKBHPVe+avblySJqDCEY607nhsbP8XKMMJpVuommsaYjPGAdiwVOKLaT2fXZujEKn0USmVLGDRTf0+kONJ6EgW2M8JmqBe9qfif10lMeO2nTMSJoYLMF4UJR0ai6euozxQlhk8swUQxeysiQ6wwMTagkg3BW3x5mTTPqt5l9fzholK7zeMowhEcwyl4cAU1uIc6NIDACJ7hFd4c6bw4787HvLXg5DOH8AfO5w+bU48p</latexit>

Aij

scale by 
<latexit sha1_base64="CLwRjMlzi2Ni+F/Rt4/oVokS22A=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qomKeix68VjBtIU2lM12267dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEykMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybITVcCsV9FCh5M9GcRqHkjXB4O/EbT1wbEasHHCU8iGhfiZ5gFK3ke6dJ57FTKrsVdwqySLyclCFHrVP6andjlkZcIZPUmJbnJhhkVKNgko+L7dTwhLIh7fOWpYpG3ATZ9NgxObZKl/RibUshmaq/JzIaGTOKQtsZURyYeW8i/ue1UuxdB5lQSYpcsdmiXioJxmTyOekKzRnKkSWUaWFvJWxANWVo8ynaELz5lxdJ/aziXVbO7y/K1Zs8jgIcwhGcgAdXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/NTKOTQ==</latexit>

1/pj

<latexit sha1_base64="D01Nf6TIaSbI5cxzi/3aYPKCnQ0=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPVi8cK9kPaUDababt0swm7E6GE/govHhTx6s/x5r9x2+ag1QcDj/dmmJkXJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1CNqIWN3jOAE/YgMl+oIztNJDF4UMIbua9MoVt+rOQP8SLycVkqPeK392w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOpYqFoHxs9nBE3pklZD2Y21LIZ2pPycyFhkzjgLbGTEcmkVvKv7ndVLsX/qZUEmKoPh8UT+VFGM6/Z6GQgNHObaEcS3srZQPmWYcbUYlG4K3+PJf0jypeufV07uzSu06j6NIDsghOSYeuSA1ckvqpEE4icgTeSGvjnaenTfnfd5acPKZffILzsc38leQgw==</latexit>

Ã

<latexit sha1_base64="+dPxM87/wrTdvvYDBuSD0E8qvc4="></latexit>

y(`) = Ã(`)v(`�1)

v(`) = y(`)/ky(`)k

observe         w. p. 
<latexit sha1_base64="5wMu/kmIrlFqhnIND+NxQYcvjM4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9VLx4r2A9ol5JNs23abLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWM76Z+64kqzaR4NJOY+hEeCBYygo2Vmje9lI2yXrniVt0Z0DLxclKBHPVe+avblySJqDCEY607nhsbP8XKMMJpVuommsaYjPGAdiwVOKLaT2fXZujEKn0USmVLGDRTf0+kONJ6EgW2M8JmqBe9qfif10lMeO2nTMSJoYLMF4UJR0ai6euozxQlhk8swUQxeysiQ6wwMTagkg3BW3x5mTTPqt5l9fzholK7zeMowhEcwyl4cAU1uIc6NIDACJ7hFd4c6bw4787HvLXg5DOH8AfO5w+bU48p</latexit>

Aij

Adaptive Power Method Refinement

¨ This choice of        minimizes variance of the estimator
¨ Non-uniform budget allocation; favors large eigenvector entries

¨ We call this APM++



Numerical Results

¨ Drug-drug interaction network (Open Graph Benchmark)

¨ 4k nodes and 2M edges

¨ B = 50% of entries

Non-adaptive

APM
APM++

<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit> si
n
(û

1
,u

1
)


✏

Non-adaptive

APM
APM++

<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit> si
n
(û

1
,u

1
)


✏

top-500 entries of <latexit sha1_base64="nIpZJb1MbuHJpMvHIrUnibfCRsQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEKXo2n</latexit>u1



¨ Stanford’s “ego-facebook” network
¨ 4k nodes and 90k edges

¨ B = 5% of entries

Non-adaptive

APM

APM++

<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit> si
n
(û

1
,u

1
)


✏
Non-adaptive

APM

APM++

<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit> si
n
(û

1
,u

1
)


✏

top-500 entries of <latexit sha1_base64="nIpZJb1MbuHJpMvHIrUnibfCRsQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9rzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEKXo2n</latexit>u1

Numerical Results

90%



Concluding Remarks

¨ APM: adaptively estimate top eigenvector

¨ Generalizations: 
¨ Non-binary A, top-k eigenvectors, asymmetric A ?

¨ Very sparse graphs? Exploit community structure?

¨ Partial graph observation in other settings: Graph NNs?

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

<latexit sha1_base64="GjjD7/HqKFaKX4bdf1GMuvrDA6c=">AAACDHicbZDNSsNAFIUn9a/Gv6pLN4NFcVWSKuqy6MZlBVsLTSiTyaQdOpkJM5NCCX0AN76KGxeKuPUB3Pk2TtoI2npg4OPce7lzT5AwqrTjfFmlpeWV1bXyur2xubW9U9ndayuRSkxaWDAhOwFShFFOWppqRjqJJCgOGLkPhtd5/X5EpKKC3+lxQvwY9TmNKEbaWL1K9RiOei70PDuH+gy8USi0+jHzLqfmTAUXwS2gCgo1e5VPLxQ4jQnXmCGluq6TaD9DUlPMyMT2UkUShIeoT7oGOYqJ8rPpMRN4ZJwQRkKaxzWcur8nMhQrNY4D0xkjPVDztdz8r9ZNdXTpZ5QnqSYczxZFKYNawDwZGFJJsGZjAwhLav4K8QBJhLXJzzYhuPMnL0K7XnPPa6e3Z9XGVRFHGRyAQ3ACXHABGuAGNEELYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q2/YJer</latexit>v1

v2
...

vn

…

<latexit sha1_base64="D01Nf6TIaSbI5cxzi/3aYPKCnQ0=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPVi8cK9kPaUDababt0swm7E6GE/govHhTx6s/x5r9x2+ag1QcDj/dmmJkXJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1CNqIWN3jOAE/YgMl+oIztNJDF4UMIbua9MoVt+rOQP8SLycVkqPeK392w5inESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOpYqFoHxs9nBE3pklZD2Y21LIZ2pPycyFhkzjgLbGTEcmkVvKv7ndVLsX/qZUEmKoPh8UT+VFGM6/Z6GQgNHObaEcS3srZQPmWYcbUYlG4K3+PJf0jypeufV07uzSu06j6NIDsghOSYeuSA1ckvqpEE4icgTeSGvjnaenTfnfd5acPKZffILzsc38leQgw==</latexit>

Ã

update

<latexit sha1_base64="F2QeFwd+hLuWukhi5XKVXF1TqGk=">AAACDXicbVDLSgMxFM3UV62vqks3wSpUkDKjoi6LblxWsA/oDEMmvW1DM5kxyQhl6A+48VfcuFDErXt3/o2ZtgttPRA4nHMuN/cEMWdK2/a3lVtYXFpeya8W1tY3NreK2zsNFSWSQp1GPJKtgCjgTEBdM82hFUsgYcChGQyuM7/5AFKxSNzpYQxeSHqCdRkl2kh+8cBVTJSx2yc6TUa+c4wT38FH2OVwj12IFeNZrGRX7DHwPHGmpISmqPnFL7cT0SQEoSknSrUdO9ZeSqRmlMOo4CYKYkIHpAdtQwUJQXnp+JoRPjRKB3cjaZ7QeKz+nkhJqNQwDEwyJLqvZr1M/M9rJ7p76aVMxIkGQSeLugnHOsJZNbjDJFDNh4YQKpn5K6Z9IgnVpsCCKcGZPXmeNE4qznnl9PasVL2a1pFHe2gflZGDLlAV3aAaqiOKHtEzekVv1pP1Yr1bH5NozprO7KI/sD5/AD8bmm0=</latexit>

sin(û1, u1)  ✏

Budget:

Error:

Thank you!


