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Motivation
Fully sampled data is needed for 

- multiple removal  

- migration & FWI 

Dense seismic data acquisition 
- budget limitations  

- operationally challenging 



Motivation
Matrix completion 

- exploits low-rank structure for recovery 

- performance degrades with increasing frequency 

  

Weighted matrix completion 
- gives good results for higher frequency slices  

- higher rank needed for higher frequencies  

- increases chances of potential overfitting 50 100 150 200 250 300 350
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Fully sampled data: 22 Hz slice



Observed data (75% jittered subsampled)



SNR = 15.50 dB 
Rank = 25

Recovery w/ recursively weighted (rank = 25)

Zhang, Y. et al. “High-frequency wavefield recovery with weighted matrix factorizaOons.” In SEG Technical Program Expanded Abstracts, 2019.



SNR = 15.50 dB 
Rank = 25

Difference: True - Recovery w/ recursively weighted (rank = 25)



SNR = 13.09 dB 
Rank = 85

Recovery w/recursively weighted (rank = 85)



SNR = 13.09 dB 
Rank = 85

Recovery w/recursively weighted (rank = 85)
Overfitting



SNR = 13.09 dB 
Rank = 85

Difference: True - Recovery w/ recursively weighted (rank = 85) 



SNR = 13.09 dB 
Rank = 85

Difference: True - Recovery w/ recursively weighted (rank = 85) 
Overfitting



Question

How can we use a higher rank for data reconstruction while avoiding 
the risk of overfitting? 



Question

How can we use a higher rank for data reconstruction while avoiding 
the risk of overfitting? 

Answer: 

‣ Limited-subspace weighted method



Why limited-subspace weighted method?
Keeps the higher rank for reconstruction 

‣ decreases the approximation errors at higher frequencies 

Reduces the rank of prior information 
‣ prevents overfitting  
‣ further improves the wavefield recovery 



Matrix completion
Successful reconstruction strategy 

‣ Exploit structure 
- low rank/fast decay of singular values in “transform domain” 

‣ Sample randomly 
- increase rank in “transform domain” 

‣ Optimization 
- via rank-minimization (matrix factorization)



Rank minimization 

Conventional method

Rajiv Kumar, Curt Da Silva, Okan Akalin, Aleksandr Y. Aravkin, Hassan Mansour, Ben Recht, and Felix J. Herrmann, “Efficient matrix compleOon for seismic 
data reconstrucOon”, Geophysics, vol. 80, pp. V97-V114, 2015

B 2 Cm⇥n
<latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit>

where 

minimize
X2Cm⇥n

rank(X)| {z } subject to kA(X)�BkF  ✏
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number of singular values of X
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acquisition mask 

observed data 

Frobenius norm k.kF
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Rank minimization 

Conventional method

Rajiv Kumar, Curt Da Silva, Okan Akalin, Aleksandr Y. Aravkin, Hassan Mansour, Ben Recht, and Felix J. Herrmann, “Efficient matrix compleOon for seismic 
data reconstrucOon”, Geophysics, vol. 80, pp. V97-V114, 2015

B 2 Cm⇥n
<latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit>

where 

minimize
X2Cm⇥n

rank(X)| {z } subject to kA(X)�BkF  ✏
<latexit sha1_base64="kKSy5QDHLqot9ZelnxkFG1VUJus="></latexit><latexit sha1_base64="kKSy5QDHLqot9ZelnxkFG1VUJus="></latexit><latexit sha1_base64="kKSy5QDHLqot9ZelnxkFG1VUJus="></latexit><latexit sha1_base64="kKSy5QDHLqot9ZelnxkFG1VUJus="></latexit>

number of singular values of X
<latexit sha1_base64="0Tbt45yCnwFpxdf3gkW4DnAsDYA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDMi6LLoxmUF+4BOKZn0ThuayQx5FMrQr3Djr7hxoYhbceffmGlnoa0HAifn3EtyTphyprTnfTsrq2vrG5ulrfL2zu7evntw2FSJkRQaNOGJbIdEAWcCGpppDu1UAolDDq1wdJv7rTFIxRLxoCcpdGMyECxilGgr9dzzICZ6GEY4EyYOQQY4iQKsmBgYTuxtTLgBNVfb055b8areDHiZ+AWpoAL1nvsV9BNqYhCacqJUx/dS3c2I1IxymJYDoyAldEQG0LFUkBhUN5vFmuJTq/RxlEh7hMYz9fdGRmKlJnFoJ/MQatHLxf+8jtHRdTdjIjUaBJ0/FBmOdYLzjnCfSaCaTywhVDL7V0yHRBKqbZNlW4K/GHmZNC+qvlf17y8rtZuijhI6RifoDPnoCtXQHaqjBqLoET2jV/TmPDkvzrvzMR9dcYqdI/QHzucPAtefPw==</latexit><latexit sha1_base64="0Tbt45yCnwFpxdf3gkW4DnAsDYA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDMi6LLoxmUF+4BOKZn0ThuayQx5FMrQr3Djr7hxoYhbceffmGlnoa0HAifn3EtyTphyprTnfTsrq2vrG5ulrfL2zu7evntw2FSJkRQaNOGJbIdEAWcCGpppDu1UAolDDq1wdJv7rTFIxRLxoCcpdGMyECxilGgr9dzzICZ6GEY4EyYOQQY4iQKsmBgYTuxtTLgBNVfb055b8areDHiZ+AWpoAL1nvsV9BNqYhCacqJUx/dS3c2I1IxymJYDoyAldEQG0LFUkBhUN5vFmuJTq/RxlEh7hMYz9fdGRmKlJnFoJ/MQatHLxf+8jtHRdTdjIjUaBJ0/FBmOdYLzjnCfSaCaTywhVDL7V0yHRBKqbZNlW4K/GHmZNC+qvlf17y8rtZuijhI6RifoDPnoCtXQHaqjBqLoET2jV/TmPDkvzrvzMR9dcYqdI/QHzucPAtefPw==</latexit><latexit sha1_base64="0Tbt45yCnwFpxdf3gkW4DnAsDYA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDMi6LLoxmUF+4BOKZn0ThuayQx5FMrQr3Djr7hxoYhbceffmGlnoa0HAifn3EtyTphyprTnfTsrq2vrG5ulrfL2zu7evntw2FSJkRQaNOGJbIdEAWcCGpppDu1UAolDDq1wdJv7rTFIxRLxoCcpdGMyECxilGgr9dzzICZ6GEY4EyYOQQY4iQKsmBgYTuxtTLgBNVfb055b8areDHiZ+AWpoAL1nvsV9BNqYhCacqJUx/dS3c2I1IxymJYDoyAldEQG0LFUkBhUN5vFmuJTq/RxlEh7hMYz9fdGRmKlJnFoJ/MQatHLxf+8jtHRdTdjIjUaBJ0/FBmOdYLzjnCfSaCaTywhVDL7V0yHRBKqbZNlW4K/GHmZNC+qvlf17y8rtZuijhI6RifoDPnoCtXQHaqjBqLoET2jV/TmPDkvzrvzMR9dcYqdI/QHzucPAtefPw==</latexit><latexit sha1_base64="0Tbt45yCnwFpxdf3gkW4DnAsDYA=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDMi6LLoxmUF+4BOKZn0ThuayQx5FMrQr3Djr7hxoYhbceffmGlnoa0HAifn3EtyTphyprTnfTsrq2vrG5ulrfL2zu7evntw2FSJkRQaNOGJbIdEAWcCGpppDu1UAolDDq1wdJv7rTFIxRLxoCcpdGMyECxilGgr9dzzICZ6GEY4EyYOQQY4iQKsmBgYTuxtTLgBNVfb055b8areDHiZ+AWpoAL1nvsV9BNqYhCacqJUx/dS3c2I1IxymJYDoyAldEQG0LFUkBhUN5vFmuJTq/RxlEh7hMYz9fdGRmKlJnFoJ/MQatHLxf+8jtHRdTdjIjUaBJ0/FBmOdYLzjnCfSaCaTywhVDL7V0yHRBKqbZNlW4K/GHmZNC+qvlf17y8rtZuijhI6RifoDPnoCtXQHaqjBqLoET2jV/TmPDkvzrvzMR9dcYqdI/QHzucPAtefPw==</latexit>

A
<latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit>

acquisition mask 

observed data 

Hard to solve

Frobenius norm k.kF
<latexit sha1_base64="BumXXmCDhfjEVA74jPGZ15jtuFk=">AAACEXicbVDLSsNAFJ3UV62vqEs3F4vQVUlE0GVREJcV7AOaECbTSTt08mBmIpSYX3Djr7hxoYhbd+78GydtFtp64MLhnHu59x4/4Uwqy/o2Kiura+sb1c3a1vbO7p65f9CVcSoI7ZCYx6LvY0k5i2hHMcVpPxEUhz6nPX9yVfi9eyoki6M7NU2oG+JRxAJGsNKSZzYycDgNlPMATojV2A+gCY5go3EhQe5lANeQO+CZdatpzQDLxC5JHZVoe+aXM4xJGtJIEY6lHNhWotwMC8UIp3nNSSVNMJngER1oGuGQSjebfZTDiVaGEMRCV6Rgpv6eyHAo5TT0dWdxtVz0CvE/b5Cq4MLNWJSkikZkvihIOagYinhgyAQlik81wUQwfSuQMRaYKB1iTYdgL768TLqnTdtq2rdn9dZlGUcVHaFj1EA2OkctdIPaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AabMm5k=</latexit><latexit sha1_base64="BumXXmCDhfjEVA74jPGZ15jtuFk=">AAACEXicbVDLSsNAFJ3UV62vqEs3F4vQVUlE0GVREJcV7AOaECbTSTt08mBmIpSYX3Djr7hxoYhbd+78GydtFtp64MLhnHu59x4/4Uwqy/o2Kiura+sb1c3a1vbO7p65f9CVcSoI7ZCYx6LvY0k5i2hHMcVpPxEUhz6nPX9yVfi9eyoki6M7NU2oG+JRxAJGsNKSZzYycDgNlPMATojV2A+gCY5go3EhQe5lANeQO+CZdatpzQDLxC5JHZVoe+aXM4xJGtJIEY6lHNhWotwMC8UIp3nNSSVNMJngER1oGuGQSjebfZTDiVaGEMRCV6Rgpv6eyHAo5TT0dWdxtVz0CvE/b5Cq4MLNWJSkikZkvihIOagYinhgyAQlik81wUQwfSuQMRaYKB1iTYdgL768TLqnTdtq2rdn9dZlGUcVHaFj1EA2OkctdIPaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AabMm5k=</latexit><latexit sha1_base64="BumXXmCDhfjEVA74jPGZ15jtuFk=">AAACEXicbVDLSsNAFJ3UV62vqEs3F4vQVUlE0GVREJcV7AOaECbTSTt08mBmIpSYX3Djr7hxoYhbd+78GydtFtp64MLhnHu59x4/4Uwqy/o2Kiura+sb1c3a1vbO7p65f9CVcSoI7ZCYx6LvY0k5i2hHMcVpPxEUhz6nPX9yVfi9eyoki6M7NU2oG+JRxAJGsNKSZzYycDgNlPMATojV2A+gCY5go3EhQe5lANeQO+CZdatpzQDLxC5JHZVoe+aXM4xJGtJIEY6lHNhWotwMC8UIp3nNSSVNMJngER1oGuGQSjebfZTDiVaGEMRCV6Rgpv6eyHAo5TT0dWdxtVz0CvE/b5Cq4MLNWJSkikZkvihIOagYinhgyAQlik81wUQwfSuQMRaYKB1iTYdgL768TLqnTdtq2rdn9dZlGUcVHaFj1EA2OkctdIPaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AabMm5k=</latexit><latexit sha1_base64="BumXXmCDhfjEVA74jPGZ15jtuFk=">AAACEXicbVDLSsNAFJ3UV62vqEs3F4vQVUlE0GVREJcV7AOaECbTSTt08mBmIpSYX3Djr7hxoYhbd+78GydtFtp64MLhnHu59x4/4Uwqy/o2Kiura+sb1c3a1vbO7p65f9CVcSoI7ZCYx6LvY0k5i2hHMcVpPxEUhz6nPX9yVfi9eyoki6M7NU2oG+JRxAJGsNKSZzYycDgNlPMATojV2A+gCY5go3EhQe5lANeQO+CZdatpzQDLxC5JHZVoe+aXM4xJGtJIEY6lHNhWotwMC8UIp3nNSSVNMJngER1oGuGQSjebfZTDiVaGEMRCV6Rgpv6eyHAo5TT0dWdxtVz0CvE/b5Cq4MLNWJSkikZkvihIOagYinhgyAQlik81wUQwfSuQMRaYKB1iTYdgL768TLqnTdtq2rdn9dZlGUcVHaFj1EA2OkctdIPaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AabMm5k=</latexit>

https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=19
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=25
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=63
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=17
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=64
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=65
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=7
https://slim.gatech.edu/content/efficient-matrix-completion-seismic-data-reconstruction
https://slim.gatech.edu/content/efficient-matrix-completion-seismic-data-reconstruction


Conventional method
Low-rank matrix completion 

minimize
X2Cm⇥n

kXk⇤| {z }
subject to kA(X)�BkF  ✏

<latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="325RJ/dx4bYdLV8FmGK5nVYxxHg="></latexit><latexit sha1_base64="325RJ/dx4bYdLV8FmGK5nVYxxHg="></latexit><latexit sha1_base64="jsYjjGHf5FIfjHRMT/RvKIne090="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit>

sum of singular values of X
<latexit sha1_base64="w7+9Xe5Uk5PxQbhh0J0AjdfqSkE=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAhiEXZF0DJoYxnBPCAbwuxkNhkyj2UegbDkH2z8FRsLRWxt7PwbZ5MtNPHAwOGce7lzTpwyqk0QfHsrq2vrG5ulrfL2zu7evn9w2NTSKkwaWDKp2jHShFFBGoYaRtqpIojHjLTi0W3ut8ZEaSrFg5mkpMvRQNCEYmSc1PPPI47MME5gpi2PoEwiqKkYWIZUBMeIWaLnanva8ytBNZgBLpOwIBVQoN7zv6K+xJYTYTBDWnfCIDXdDClDMSPTcmQ1SREeoQHpOCoQJ7qbzTJN4alT+jCRyj1h4Ez9vZEhrvWEx24yT6AXvVz8z+tYk1x3MypSa4jA80OJZdBImBcE+1QRbNjEEYQVdX+FeIgUwsbVWHYlhIuRl0nzohoG1fD+slK7KeoogWNwAs5ACK5ADdyBOmgADB7BM3gFb96T9+K9ex/z0RWv2DkCf+B9/gCMc53t</latexit><latexit sha1_base64="w7+9Xe5Uk5PxQbhh0J0AjdfqSkE=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAhiEXZF0DJoYxnBPCAbwuxkNhkyj2UegbDkH2z8FRsLRWxt7PwbZ5MtNPHAwOGce7lzTpwyqk0QfHsrq2vrG5ulrfL2zu7evn9w2NTSKkwaWDKp2jHShFFBGoYaRtqpIojHjLTi0W3ut8ZEaSrFg5mkpMvRQNCEYmSc1PPPI47MME5gpi2PoEwiqKkYWIZUBMeIWaLnanva8ytBNZgBLpOwIBVQoN7zv6K+xJYTYTBDWnfCIDXdDClDMSPTcmQ1SREeoQHpOCoQJ7qbzTJN4alT+jCRyj1h4Ez9vZEhrvWEx24yT6AXvVz8z+tYk1x3MypSa4jA80OJZdBImBcE+1QRbNjEEYQVdX+FeIgUwsbVWHYlhIuRl0nzohoG1fD+slK7KeoogWNwAs5ACK5ADdyBOmgADB7BM3gFb96T9+K9ex/z0RWv2DkCf+B9/gCMc53t</latexit><latexit sha1_base64="w7+9Xe5Uk5PxQbhh0J0AjdfqSkE=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAhiEXZF0DJoYxnBPCAbwuxkNhkyj2UegbDkH2z8FRsLRWxt7PwbZ5MtNPHAwOGce7lzTpwyqk0QfHsrq2vrG5ulrfL2zu7evn9w2NTSKkwaWDKp2jHShFFBGoYaRtqpIojHjLTi0W3ut8ZEaSrFg5mkpMvRQNCEYmSc1PPPI47MME5gpi2PoEwiqKkYWIZUBMeIWaLnanva8ytBNZgBLpOwIBVQoN7zv6K+xJYTYTBDWnfCIDXdDClDMSPTcmQ1SREeoQHpOCoQJ7qbzTJN4alT+jCRyj1h4Ez9vZEhrvWEx24yT6AXvVz8z+tYk1x3MypSa4jA80OJZdBImBcE+1QRbNjEEYQVdX+FeIgUwsbVWHYlhIuRl0nzohoG1fD+slK7KeoogWNwAs5ACK5ADdyBOmgADB7BM3gFb96T9+K9ex/z0RWv2DkCf+B9/gCMc53t</latexit><latexit sha1_base64="w7+9Xe5Uk5PxQbhh0J0AjdfqSkE=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAhiEXZF0DJoYxnBPCAbwuxkNhkyj2UegbDkH2z8FRsLRWxt7PwbZ5MtNPHAwOGce7lzTpwyqk0QfHsrq2vrG5ulrfL2zu7evn9w2NTSKkwaWDKp2jHShFFBGoYaRtqpIojHjLTi0W3ut8ZEaSrFg5mkpMvRQNCEYmSc1PPPI47MME5gpi2PoEwiqKkYWIZUBMeIWaLnanva8ytBNZgBLpOwIBVQoN7zv6K+xJYTYTBDWnfCIDXdDClDMSPTcmQ1SREeoQHpOCoQJ7qbzTJN4alT+jCRyj1h4Ez9vZEhrvWEx24yT6AXvVz8z+tYk1x3MypSa4jA80OJZdBImBcE+1QRbNjEEYQVdX+FeIgUwsbVWHYlhIuRl0nzohoG1fD+slK7KeoogWNwAs5ACK5ADdyBOmgADB7BM3gFb96T9+K9ex/z0RWv2DkCf+B9/gCMc53t</latexit>
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Conventional method
Low-rank matrix completion 

L 2 Cm⇥r
<latexit sha1_base64="+hmlWT4GcF3brWizRwn1QN84R/A=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWYqgQhwVjRhYGhSPQhNaFyXKe16jiRfYNURf0CFn6FhQGEWJnZ+BucNgO0HMnS8Tn36t57gkRwDY7zba2srq1vbJa2yts7u3v79sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wbuR+54EpzWN5B5OE+REZSh5ySsBIfbvqRQRGQYhvsMclnv+CrDG9zyLsAY+YxmratytOzZkBLxO3IBVUoNm3v7xBTNOISaCCaN1znQT8jCjgVLBp2Us1SwgdkyHrGSqJmeNns3OmuGqUAQ5jZZ4EPFN/d2Qk0noSBaYyX1cvern4n9dLIbz0My6TFJik80FhKjDEOM8GD7hiFMTEEEIVN7tiOiKKUDAJlk0I7uLJy6R9VnOdmnt7XqlfFXGU0DE6QafIRReojq5RE7UQRY/oGb2iN+vJerHerY956YpV9ByhP7A+fwB/fZvC</latexit><latexit sha1_base64="+hmlWT4GcF3brWizRwn1QN84R/A=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWYqgQhwVjRhYGhSPQhNaFyXKe16jiRfYNURf0CFn6FhQGEWJnZ+BucNgO0HMnS8Tn36t57gkRwDY7zba2srq1vbJa2yts7u3v79sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wbuR+54EpzWN5B5OE+REZSh5ySsBIfbvqRQRGQYhvsMclnv+CrDG9zyLsAY+YxmratytOzZkBLxO3IBVUoNm3v7xBTNOISaCCaN1znQT8jCjgVLBp2Us1SwgdkyHrGSqJmeNns3OmuGqUAQ5jZZ4EPFN/d2Qk0noSBaYyX1cvern4n9dLIbz0My6TFJik80FhKjDEOM8GD7hiFMTEEEIVN7tiOiKKUDAJlk0I7uLJy6R9VnOdmnt7XqlfFXGU0DE6QafIRReojq5RE7UQRY/oGb2iN+vJerHerY956YpV9ByhP7A+fwB/fZvC</latexit><latexit sha1_base64="+hmlWT4GcF3brWizRwn1QN84R/A=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWYqgQhwVjRhYGhSPQhNaFyXKe16jiRfYNURf0CFn6FhQGEWJnZ+BucNgO0HMnS8Tn36t57gkRwDY7zba2srq1vbJa2yts7u3v79sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wbuR+54EpzWN5B5OE+REZSh5ySsBIfbvqRQRGQYhvsMclnv+CrDG9zyLsAY+YxmratytOzZkBLxO3IBVUoNm3v7xBTNOISaCCaN1znQT8jCjgVLBp2Us1SwgdkyHrGSqJmeNns3OmuGqUAQ5jZZ4EPFN/d2Qk0noSBaYyX1cvern4n9dLIbz0My6TFJik80FhKjDEOM8GD7hiFMTEEEIVN7tiOiKKUDAJlk0I7uLJy6R9VnOdmnt7XqlfFXGU0DE6QafIRReojq5RE7UQRY/oGb2iN+vJerHerY956YpV9ByhP7A+fwB/fZvC</latexit><latexit sha1_base64="+hmlWT4GcF3brWizRwn1QN84R/A=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWYqgQhwVjRhYGhSPQhNaFyXKe16jiRfYNURf0CFn6FhQGEWJnZ+BucNgO0HMnS8Tn36t57gkRwDY7zba2srq1vbJa2yts7u3v79sFhW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wbuR+54EpzWN5B5OE+REZSh5ySsBIfbvqRQRGQYhvsMclnv+CrDG9zyLsAY+YxmratytOzZkBLxO3IBVUoNm3v7xBTNOISaCCaN1znQT8jCjgVLBp2Us1SwgdkyHrGSqJmeNns3OmuGqUAQ5jZZ4EPFN/d2Qk0noSBaYyX1cvern4n9dLIbz0My6TFJik80FhKjDEOM8GD7hiFMTEEEIVN7tiOiKKUDAJlk0I7uLJy6R9VnOdmnt7XqlfFXGU0DE6QafIRReojq5RE7UQRY/oGb2iN+vJerHerY956YpV9ByhP7A+fwB/fZvC</latexit>

X = LRH
<latexit sha1_base64="DnjXcgL43ijtSqF5tnjsdpkoh4g=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgWIVdEbQRgjYpLKKYCyRrmJ3MJkNmZ5eZWSGEtDa+io2FIra+gZ1v42yyiib+MPDxn3OYc34/5kxpx/m0cguLS8sr+dXC2vrG5pa9vVNXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4SOuNOyoVi8SNHsbUC3FPsIARrI3VsVE7xLrvB6iJzn748huubysdu+iUnInQPLgZFCFTtWN/tLsRSUIqNOFYqZbrxNobYakZ4XRcaCeKxpgMcI+2DAocUuWNJpeM0YFxuiiIpHlCo4n7e2KEQ6WGoW860xXVbC01/6u1Eh2ceiMm4kRTQaYfBQlHOkJpLKjLJCWaDw1gIpnZFZE+lphoE17BhODOnjwP9aOS65Tcq+Ni+TyLIw97sA+H4MIJlKECVagBgXt4hGd4sR6sJ+vVepu25qxsZhf+yHr/AlDdmM4=</latexit><latexit sha1_base64="DnjXcgL43ijtSqF5tnjsdpkoh4g=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgWIVdEbQRgjYpLKKYCyRrmJ3MJkNmZ5eZWSGEtDa+io2FIra+gZ1v42yyiib+MPDxn3OYc34/5kxpx/m0cguLS8sr+dXC2vrG5pa9vVNXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4SOuNOyoVi8SNHsbUC3FPsIARrI3VsVE7xLrvB6iJzn748huubysdu+iUnInQPLgZFCFTtWN/tLsRSUIqNOFYqZbrxNobYakZ4XRcaCeKxpgMcI+2DAocUuWNJpeM0YFxuiiIpHlCo4n7e2KEQ6WGoW860xXVbC01/6u1Eh2ceiMm4kRTQaYfBQlHOkJpLKjLJCWaDw1gIpnZFZE+lphoE17BhODOnjwP9aOS65Tcq+Ni+TyLIw97sA+H4MIJlKECVagBgXt4hGd4sR6sJ+vVepu25qxsZhf+yHr/AlDdmM4=</latexit><latexit sha1_base64="DnjXcgL43ijtSqF5tnjsdpkoh4g=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgWIVdEbQRgjYpLKKYCyRrmJ3MJkNmZ5eZWSGEtDa+io2FIra+gZ1v42yyiib+MPDxn3OYc34/5kxpx/m0cguLS8sr+dXC2vrG5pa9vVNXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4SOuNOyoVi8SNHsbUC3FPsIARrI3VsVE7xLrvB6iJzn748huubysdu+iUnInQPLgZFCFTtWN/tLsRSUIqNOFYqZbrxNobYakZ4XRcaCeKxpgMcI+2DAocUuWNJpeM0YFxuiiIpHlCo4n7e2KEQ6WGoW860xXVbC01/6u1Eh2ceiMm4kRTQaYfBQlHOkJpLKjLJCWaDw1gIpnZFZE+lphoE17BhODOnjwP9aOS65Tcq+Ni+TyLIw97sA+H4MIJlKECVagBgXt4hGd4sR6sJ+vVepu25qxsZhf+yHr/AlDdmM4=</latexit><latexit sha1_base64="DnjXcgL43ijtSqF5tnjsdpkoh4g=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgWIVdEbQRgjYpLKKYCyRrmJ3MJkNmZ5eZWSGEtDa+io2FIra+gZ1v42yyiib+MPDxn3OYc34/5kxpx/m0cguLS8sr+dXC2vrG5pa9vVNXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4SOuNOyoVi8SNHsbUC3FPsIARrI3VsVE7xLrvB6iJzn748huubysdu+iUnInQPLgZFCFTtWN/tLsRSUIqNOFYqZbrxNobYakZ4XRcaCeKxpgMcI+2DAocUuWNJpeM0YFxuiiIpHlCo4n7e2KEQ6WGoW860xXVbC01/6u1Eh2ceiMm4kRTQaYfBQlHOkJpLKjLJCWaDw1gIpnZFZE+lphoE17BhODOnjwP9aOS65Tcq+Ni+TyLIw97sA+H4MIJlKECVagBgXt4hGd4sR6sJ+vVepu25qxsZhf+yHr/AlDdmM4=</latexit>

R 2 Cn⇥r
<latexit sha1_base64="geQB6L174mS3Qt347r9HG93FNds=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsq9gFNLJPppB06mYSZiVBCPsCNv+LGhSJu/QB3/o2TNgttPTBw5px7ufceP+ZMadv+tkorq2vrG+XNytb2zu5edf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/0sz97gOVikXiTk9j6oV4JFjACNZGGlRrboj12A/QrcsEmn/8tJndp8LVLKQKycxU2XV7BrRMnILUoEBrUP1yhxFJQio04VipvmPH2kux1IxwmlXcRNEYkwke0b6hAps5Xjo7JkMnRhmiIJLmCY1m6u+OFIdKTUPfVObbqkUvF//z+okOLr2UiTjRVJD5oCDhSEcoTwYNmaRE86khmEhmdkVkjCUm2uRXMSE4iycvk85Z3bHrzs15rXFVxFGGIziGU3DgAhpwDS1oA4FHeIZXeLOerBfr3fqYl5asoucQ/sD6/AHNjZt1</latexit><latexit sha1_base64="geQB6L174mS3Qt347r9HG93FNds=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsq9gFNLJPppB06mYSZiVBCPsCNv+LGhSJu/QB3/o2TNgttPTBw5px7ufceP+ZMadv+tkorq2vrG+XNytb2zu5edf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/0sz97gOVikXiTk9j6oV4JFjACNZGGlRrboj12A/QrcsEmn/8tJndp8LVLKQKycxU2XV7BrRMnILUoEBrUP1yhxFJQio04VipvmPH2kux1IxwmlXcRNEYkwke0b6hAps5Xjo7JkMnRhmiIJLmCY1m6u+OFIdKTUPfVObbqkUvF//z+okOLr2UiTjRVJD5oCDhSEcoTwYNmaRE86khmEhmdkVkjCUm2uRXMSE4iycvk85Z3bHrzs15rXFVxFGGIziGU3DgAhpwDS1oA4FHeIZXeLOerBfr3fqYl5asoucQ/sD6/AHNjZt1</latexit><latexit sha1_base64="geQB6L174mS3Qt347r9HG93FNds=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsq9gFNLJPppB06mYSZiVBCPsCNv+LGhSJu/QB3/o2TNgttPTBw5px7ufceP+ZMadv+tkorq2vrG+XNytb2zu5edf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/0sz97gOVikXiTk9j6oV4JFjACNZGGlRrboj12A/QrcsEmn/8tJndp8LVLKQKycxU2XV7BrRMnILUoEBrUP1yhxFJQio04VipvmPH2kux1IxwmlXcRNEYkwke0b6hAps5Xjo7JkMnRhmiIJLmCY1m6u+OFIdKTUPfVObbqkUvF//z+okOLr2UiTjRVJD5oCDhSEcoTwYNmaRE86khmEhmdkVkjCUm2uRXMSE4iycvk85Z3bHrzs15rXFVxFGGIziGU3DgAhpwDS1oA4FHeIZXeLOerBfr3fqYl5asoucQ/sD6/AHNjZt1</latexit><latexit sha1_base64="geQB6L174mS3Qt347r9HG93FNds=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsq9gFNLJPppB06mYSZiVBCPsCNv+LGhSJu/QB3/o2TNgttPTBw5px7ufceP+ZMadv+tkorq2vrG+XNytb2zu5edf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/0sz97gOVikXiTk9j6oV4JFjACNZGGlRrboj12A/QrcsEmn/8tJndp8LVLKQKycxU2XV7BrRMnILUoEBrUP1yhxFJQio04VipvmPH2kux1IxwmlXcRNEYkwke0b6hAps5Xjo7JkMnRhmiIJLmCY1m6u+OFIdKTUPfVObbqkUvF//z+okOLr2UiTjRVJD5oCDhSEcoTwYNmaRE86khmEhmdkVkjCUm2uRXMSE4iycvk85Z3bHrzs15rXFVxFGGIziGU3DgAhpwDS1oA4FHeIZXeLOerBfr3fqYl5asoucQ/sD6/AHNjZt1</latexit>

B 2 Cm⇥n
<latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit><latexit sha1_base64="pjA+/cZhwXc3EjP5AE5eka6IHmM=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiztxmUF+4Cmlsl00g6dTMLMRCghX+DGX3HjQhG3rt35N07aLLT1wMCZc+7l3nv8mDOlHefbWlvf2NzaLu2Ud/f2Dw7to+OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM/e7D1QqFok7PYvpIMRjwQJGsDbS0K56IdYTP0AN5DGBFj8/bWb3aYg8zUKqkMiGdsWpOXOgVeIWpAIFWkP7yxtFJAmp0IRjpfquE+tBiqVmhNOs7CWKxphM8Zj2DRXYzBmk83MyVDXKCAWRNE9oNFd/d6Q4VGoW+qYyX1cte7n4n9dPdHA9SJmIE00FWQwKEo50hPJs0IhJSjSfGYKJZGZXRCZYYqJNgmUTgrt88irpXNRcp+beXlbqjSKOEpzCGZyDC1dQhxtoQRsIPMIzvMKb9WS9WO/Wx6J0zSp6TuAPrM8faSmbtA==</latexit>
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<latexit sha1_base64="+JcmxAIPYkOHscYFIiLbwlzytQU="></latexit><latexit sha1_base64="+JcmxAIPYkOHscYFIiLbwlzytQU="></latexit><latexit sha1_base64="+JcmxAIPYkOHscYFIiLbwlzytQU="></latexit><latexit sha1_base64="+JcmxAIPYkOHscYFIiLbwlzytQU="></latexit>

Low-rank matrix factorization 

where 

minimize
X2Cm⇥n

kXk⇤| {z }
subject to kA(X)�BkF  ✏

<latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="325RJ/dx4bYdLV8FmGK5nVYxxHg="></latexit><latexit sha1_base64="325RJ/dx4bYdLV8FmGK5nVYxxHg="></latexit><latexit sha1_base64="jsYjjGHf5FIfjHRMT/RvKIne090="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit><latexit sha1_base64="YfZhcEQlH4dBf214JU9lkSSiui0="></latexit>

sum of singular values of X
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Expensive for large scale

Rajiv Kumar, Curt Da Silva, Okan Akalin, Aleksandr Y. Aravkin, Hassan Mansour, Ben Recht, and Felix J. Herrmann, “Efficient matrix compleOon for seismic 
data reconstrucOon”, Geophysics, vol. 80, pp. V97-V114, 2015

https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=19
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=25
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=63
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=17
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=64
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=65
https://slim.gatech.edu/biblio?page=1&f%5Bauthor%5D=7
https://slim.gatech.edu/content/efficient-matrix-completion-seismic-data-reconstruction
https://slim.gatech.edu/content/efficient-matrix-completion-seismic-data-reconstruction


Weighted method

minimize
X2Cm⇥n

kQXWk⇤ subject to kA(X)�BkF  ✏
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where             

W = w2VVH +V?V?H
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Q = w1UUH +U?U?H
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Xprior ⇡ U⌃VH

<latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Nn/TPS53D2IylzAyIewucKoGLjg=">AAACFHicbVDLSgNBEOyNrxhf0auXQRE8hV0P6lHwkmNE84BsDLOT2ThkdmeY6ZWEZf/Ei7/ixYMi4s2/cRIj+CpoKKq66e6KtBQWff/dKy0sLi2vlFcra+sbm1vV7fWWVZlhvMmUVKYTUculSHkTBUre0YbTJJK8HY3Op377lhsrVHqFE817CR2mIhaMopP61eMwoXgTxaTTz0PkY8y1EcoUBQmp1kaNyVdD3gwvxTChpFVc1/vVfb/mz0D+kmBO9mGORr/6Fg4UyxKeIpPU2m7ga+zl1KBgkheVMLNcUzaiQ951NKUJt7189l9BDpwyILEyrlIkM/X7RE4TaydJ5Dqnx9rf3lT8z+tmGJ/2cpHqDHnKPhfFmSSoyDQsMhCGM5QTRygzwt1K2A01lKGLtOJCCH6//Je0jmqBXwsufCjDLuzBIQRwAmdQhwY0gcEdPMATPHv33qP38hlXyZvntgM/4L1+APqaofk=</latexit><latexit sha1_base64="Nn/TPS53D2IylzAyIewucKoGLjg=">AAACFHicbVDLSgNBEOyNrxhf0auXQRE8hV0P6lHwkmNE84BsDLOT2ThkdmeY6ZWEZf/Ei7/ixYMi4s2/cRIj+CpoKKq66e6KtBQWff/dKy0sLi2vlFcra+sbm1vV7fWWVZlhvMmUVKYTUculSHkTBUre0YbTJJK8HY3Op377lhsrVHqFE817CR2mIhaMopP61eMwoXgTxaTTz0PkY8y1EcoUBQmp1kaNyVdD3gwvxTChpFVc1/vVfb/mz0D+kmBO9mGORr/6Fg4UyxKeIpPU2m7ga+zl1KBgkheVMLNcUzaiQ951NKUJt7189l9BDpwyILEyrlIkM/X7RE4TaydJ5Dqnx9rf3lT8z+tmGJ/2cpHqDHnKPhfFmSSoyDQsMhCGM5QTRygzwt1K2A01lKGLtOJCCH6//Je0jmqBXwsufCjDLuzBIQRwAmdQhwY0gcEdPMATPHv33qP38hlXyZvntgM/4L1+APqaofk=</latexit><latexit sha1_base64="afyu5A6ZcSztO3hIqTA4W5nE9/8=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZcaFuiy66bKifUCnlkyaaUMzk5DckZZh/sSNv+LGhSLirn9j+hC09UDgcM655N4TKMENuO7YWVldW9/YzG3lt3d29/YLB4d1IxNNWY1KIXUzIIYJHrMacBCsqTQjUSBYIxjcTPzGI9OGy/geRoq1I9KLecgpASt1Chd+RKAfhLjZSX1gQ0iV5lJnGfaJUloO8U8grfl3vBcRXM8eKp1C0S25U+Bl4s1JEc1R7RS+/K6kScRioIIY0/JcBe2UaOBUsCzvJ4YpQgekx1qWxiRipp1O78vwqVW6OJTavhjwVP09kZLImFEU2ORkWbPoTcT/vFYC4VU75bFKgMV09lGYCAwST8rCXa4ZBTGyhFDN7a6Y9okmFGyleVuCt3jyMqmflzy35N26xfL1vI4cOkYn6Ax56BKVUQVVUQ1R9IRe0Bt6d56dV+fD+ZxFV5z5zBH6A2f8Dfv6o38=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit>

Scalars                                               are weights w1, w2 2 (0, 1]
<latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit><latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit><latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit><latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit>

Zhang, Y. et al. “High-frequency wavefield recovery with weighted matrix factorizaOons.” In SEG Technical Program Expanded Abstracts, 2019. 
Egekhari, A. et al. “Weighted matrix compleOon and recovery with prior subspace informaOon.” IEEE TransacOons on InformaOon Theory, 2018. 

Weighted matrix completion 

U 2 Cm⇥r
<latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit>

V 2 Cn⇥r
<latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit>

,             ,             



Weighted method

minimize
X2Cm⇥n

kQXWk⇤ subject to kA(X)�BkF  ✏
<latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit><latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit><latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit><latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit>

where             

W = w2VVH +V?V?H
<latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit><latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit><latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit><latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit>

Q = w1UUH +U?U?H

<latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit><latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit><latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit><latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit>

Xprior ⇡ U⌃VH

<latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Nn/TPS53D2IylzAyIewucKoGLjg=">AAACFHicbVDLSgNBEOyNrxhf0auXQRE8hV0P6lHwkmNE84BsDLOT2ThkdmeY6ZWEZf/Ei7/ixYMi4s2/cRIj+CpoKKq66e6KtBQWff/dKy0sLi2vlFcra+sbm1vV7fWWVZlhvMmUVKYTUculSHkTBUre0YbTJJK8HY3Op377lhsrVHqFE817CR2mIhaMopP61eMwoXgTxaTTz0PkY8y1EcoUBQmp1kaNyVdD3gwvxTChpFVc1/vVfb/mz0D+kmBO9mGORr/6Fg4UyxKeIpPU2m7ga+zl1KBgkheVMLNcUzaiQ951NKUJt7189l9BDpwyILEyrlIkM/X7RE4TaydJ5Dqnx9rf3lT8z+tmGJ/2cpHqDHnKPhfFmSSoyDQsMhCGM5QTRygzwt1K2A01lKGLtOJCCH6//Je0jmqBXwsufCjDLuzBIQRwAmdQhwY0gcEdPMATPHv33qP38hlXyZvntgM/4L1+APqaofk=</latexit><latexit sha1_base64="Nn/TPS53D2IylzAyIewucKoGLjg=">AAACFHicbVDLSgNBEOyNrxhf0auXQRE8hV0P6lHwkmNE84BsDLOT2ThkdmeY6ZWEZf/Ei7/ixYMi4s2/cRIj+CpoKKq66e6KtBQWff/dKy0sLi2vlFcra+sbm1vV7fWWVZlhvMmUVKYTUculSHkTBUre0YbTJJK8HY3Op377lhsrVHqFE817CR2mIhaMopP61eMwoXgTxaTTz0PkY8y1EcoUBQmp1kaNyVdD3gwvxTChpFVc1/vVfb/mz0D+kmBO9mGORr/6Fg4UyxKeIpPU2m7ga+zl1KBgkheVMLNcUzaiQ951NKUJt7189l9BDpwyILEyrlIkM/X7RE4TaydJ5Dqnx9rf3lT8z+tmGJ/2cpHqDHnKPhfFmSSoyDQsMhCGM5QTRygzwt1K2A01lKGLtOJCCH6//Je0jmqBXwsufCjDLuzBIQRwAmdQhwY0gcEdPMATPHv33qP38hlXyZvntgM/4L1+APqaofk=</latexit><latexit sha1_base64="afyu5A6ZcSztO3hIqTA4W5nE9/8=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZcaFuiy66bKifUCnlkyaaUMzk5DckZZh/sSNv+LGhSLirn9j+hC09UDgcM655N4TKMENuO7YWVldW9/YzG3lt3d29/YLB4d1IxNNWY1KIXUzIIYJHrMacBCsqTQjUSBYIxjcTPzGI9OGy/geRoq1I9KLecgpASt1Chd+RKAfhLjZSX1gQ0iV5lJnGfaJUloO8U8grfl3vBcRXM8eKp1C0S25U+Bl4s1JEc1R7RS+/K6kScRioIIY0/JcBe2UaOBUsCzvJ4YpQgekx1qWxiRipp1O78vwqVW6OJTavhjwVP09kZLImFEU2ORkWbPoTcT/vFYC4VU75bFKgMV09lGYCAwST8rCXa4ZBTGyhFDN7a6Y9okmFGyleVuCt3jyMqmflzy35N26xfL1vI4cOkYn6Ax56BKVUQVVUQ1R9IRe0Bt6d56dV+fD+ZxFV5z5zBH6A2f8Dfv6o38=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit><latexit sha1_base64="PvP+EGWQrDlBJeFH4tDYWHFg+bA=">AAACH3icbVDLSgMxFM34rPVVdekmWARXZUZEXRbddFnRPqBTSybNtMHMJCR3pGWYP3Hjr7hxoYi469+YPgRtPRA4nHMuufcESnADrjtylpZXVtfWcxv5za3tnd3C3n7dyERTVqNSSN0MiGGCx6wGHARrKs1IFAjWCB6ux37jkWnDZXwHQ8XaEenFPOSUgJU6hXM/ItAPQtzspD6wAaRKc6mzDPtEKS0H+CeQ1vxb3osIrmf3lU6h6JbcCfAi8WakiGaodgpfflfSJGIxUEGMaXmugnZKNHAqWJb3E8MUoQ+kx1qWxiRipp1O7svwsVW6OJTavhjwRP09kZLImGEU2OR4WTPvjcX/vFYC4WU75bFKgMV0+lGYCAwSj8vCXa4ZBTG0hFDN7a6Y9okmFGyleVuCN3/yIqmfljy35N2cFctXszpy6BAdoRPkoQtURhVURTVE0RN6QW/o3Xl2Xp0P53MaXXJmMwfoD5zRN/06o4M=</latexit>

Scalars                                               are weights w1, w2 2 (0, 1]
<latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit><latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit><latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit><latexit sha1_base64="mjHj4KrhwYfyoNpOxG0XZ5I0KT0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XooZSkCHosevFYwX5AG8Jmu2mXbjZhd2MpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tjc2t7Z7ewV9w/ODw6tksnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533mkUrFYPOhpQr0IDwULGcHaSL5dmvhuFU38ep8JVHGqrufbZafmLIDWiZuTMuRo+vZXfxCTNKJCE46V6rlOor0MS80Ip7NiP1U0wWSMh7RnqMARVV62OH2GLowyQGEsTQmNFurviQxHSk2jwHRGWI/UqjcX//N6qQ6vvYyJJNVUkOWiMOVIx2ieAxowSYnmU0MwkczcisgIS0y0SatoQnBXX14n7XrNdWru/WW5cZPHUYAzOIcKuHAFDbiDJrSAwASe4RXerCfrxXq3PpatG1Y+cwp/YH3+AFO+khU=</latexit>

Zhang, Y. et al. “High-frequency wavefield recovery with weighted matrix factorizaOons.” In SEG Technical Program Expanded Abstracts, 2019. 
Egekhari, A. et al. “Weighted matrix compleOon and recovery with prior subspace informaOon.” IEEE TransacOons on InformaOon Theory, 2018. 

Weighted matrix completion 

minimize
L,R
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subject to
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F
 ✏

<latexit sha1_base64="JM9how4x5C5SO9pEMgAysYo7t3g="></latexit><latexit sha1_base64="JM9how4x5C5SO9pEMgAysYo7t3g="></latexit><latexit sha1_base64="JM9how4x5C5SO9pEMgAysYo7t3g="></latexit><latexit sha1_base64="JM9how4x5C5SO9pEMgAysYo7t3g="></latexit>

Weighted matrix factorization 

U 2 Cm⇥r
<latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit>

V 2 Cn⇥r
<latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit>

,             ,             



Weighted method

minimize
X2Cm⇥n

kQXWk⇤ subject to kA(X)�BkF  ✏
<latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit><latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit><latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit><latexit sha1_base64="hZqt0C+7jm2gkRPkeX4ynfuc7UI="></latexit>

where             

W = w2VVH +V?V?H
<latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit><latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit><latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit><latexit sha1_base64="kzel7X+2HWz34qtekPm+AOIWaqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGWmCLoRim66rGAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBhojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrhjHoTutXY7q6ZDRaKHW0fHjWqGKuVqm2Hyu07pzSFWS6+YJbdKeF1oE3BwWYV7WbH7d7MUlDGinCsZQtz01UR2OhGOHU5NqppAkmQ9ynLQsjHFLZ0dNADLqwTA8FsbArUmjK/u3QOJRyFPrWOZlWrmoT8j+tlargtqNZlKSKRmR2UZBypGI0SRf1mKBE8ZEFmAhmZ0VkgAUmyv5BzobgrT55HdRLRc8teo/XhfL9PI4snME5XIIHN1CGClShBgTe4AO+4NsZO5/OT8aZWRc7nMJSZXK/9oWzBA==</latexit>

Q = w1UUH +U?U?H

<latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit><latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit><latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit><latexit sha1_base64="sgbDslPrRcq0gneKqi4v+a2Ieqg=">AAACUHicbVHLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTddtmAf0NaSSTNtaOZBklFKyCe66c7vcONC0fQFtvVCyMk555KbEz/hTCrXfXcyG5tb2zvZ3dze/sHhUf74pC7jVBBaIzGPRdPHknIW0ZpiitNmIigOfU4b/vBxojdeqJAsjp7UKKGdEPcjFjCClaW6+X47xGrgB0jrqjHoXutXY7raMxotlBpaPjxrVDZXq1TbjxVad07pMjLdfMEtutNC68CbgwLMq9LNj9u9mKQhjRThWMqW5yaqo7FQjHBqcu1U0gSTIe7TloURDqns6GkgBl1YpoeCWNgVKTRl/3ZoHEo5Cn3rnEwrV7UJ+Z/WSlVw19EsSlJFIzK7KEg5UjGapIt6TFCi+MgCTASzsyIywAITZf8gZ0PwVp+8DurXRc8tetWbQulhHkcWzuAcLsGDWyhBGSpQAwJv8AFf8O2MnU/nJ+PMrIsdTmGpMrlf4rWy+Q==</latexit>
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Scalars                                               are weights w1, w2 2 (0, 1]
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Zhang, Y. et al. “High-frequency wavefield recovery with weighted matrix factorizaOons.” In SEG Technical Program Expanded Abstracts, 2019. 
Egekhari, A. et al. “Weighted matrix compleOon and recovery with prior subspace informaOon.” IEEE TransacOons on InformaOon Theory, 2018. 
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Weighted matrix factorization 

Smaller weights correspond to more confidence on prior information (similarity) 

Computation expensive
Higher rank increases potential overfitting

U 2 Cm⇥r
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V 2 Cn⇥r
<latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit>

,             ,             



Weighted method (Efficient)
Weighted matrix completion 

minimize
X̄2Cm⇥n

��X̄
��
⇤ subject to

��A(Q�1X̄W�1)�B
��
F
 ✏

<latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit><latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit><latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit><latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit>

where             X̄ = QXW
<latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit><latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit><latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit><latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit>

Q�1 =
1

w 1
UUH +U?U?H

<latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit><latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit><latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit><latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit>

W�1 =
1

w 2
VVH +V?V?H

<latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit><latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit><latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit><latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit>

Weighted matrix factorization 

minimize
L̄,R̄

1

2

����


L̄
R̄

�����
2

F

subject to
��A(Q�1L̄R̄HW�1)�B

��
F
 ✏

<latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit><latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit><latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit><latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit>

where             X̄ = L̄R̄
H

<latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit><latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit><latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit><latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit>

X = Q�1X̄W�1
<latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit><latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit><latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit><latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit>



Weighted method (Efficient)
Weighted matrix completion 

minimize
X̄2Cm⇥n

��X̄
��
⇤ subject to

��A(Q�1X̄W�1)�B
��
F
 ✏

<latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit><latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit><latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit><latexit sha1_base64="nwQ9qHSmr3LFjpipLtAvO9Kh4WE="></latexit>

where             X̄ = QXW
<latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit><latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit><latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit><latexit sha1_base64="GW9I+fycGu27PuJV/bigh8p0BDQ=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBdsGmlA22027dPPB7kYoIVcv/hUvHhTx6j/w5r9x0wbU1gcDj/dmmJnnJ5xJZVlfRmVldW19o7pZ29re2d0z9w+6Mk4FoR0S81g4PpaUs4h2FFOcOomgOPQ57fmTm8Lv3VMhWRzdqWlCvRCPIhYwgpWWBiZyQ6zGfoAy18cCOTm6+pHaTi8fmHWrYc2AloldkjqUaA3MT3cYkzSkkSIcS9m3rUR5GRaKEU7zmptKmmAywSPa1zTCIZVeNvskRydaGaIgFroihWbq74kMh1JOQ193FkfKRa8Q//P6qQouvYxFSapoROaLgpQjFaMiFjRkghLFp5pgIpi+FZExFpgoHV5Nh2AvvrxMumcN22rY7fN687qMowpHcAynYMMFNOEWWtABAg/wBC/wajwaz8ab8T5vrRjlzCH8gfHxDf/imT0=</latexit>

Q�1 =
1

w 1
UUH +U?U?H

<latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit><latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit><latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit><latexit sha1_base64="Z4DFhl13pGz+Sh+21aq4iIoeItE="></latexit>

W�1 =
1

w 2
VVH +V?V?H

<latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit><latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit><latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit><latexit sha1_base64="1oZ+OqsRk/U5BfAclXPPbqKWcrQ="></latexit>

Weighted matrix factorization 

minimize
L̄,R̄

1

2

����


L̄
R̄

�����
2

F

subject to
��A(Q�1L̄R̄HW�1)�B

��
F
 ✏

<latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit><latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit><latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit><latexit sha1_base64="OaswEdn8xW7pbD0sYc7s4yXtAGM="></latexit>

where             X̄ = L̄R̄
H

<latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit><latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit><latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit><latexit sha1_base64="zxUAeho79KVj5oRHZz+Hq1OIIDs=">AAACInicbVDLSsNAFL2pr1pfUZduBovgqiQiqAuh6KYLF1XsA5paJtNJO3TyYGYilJBvceOvuHGhqCvBj3HSRtDWAwOHc85l7j1uxJlUlvVpFBYWl5ZXiqultfWNzS1ze6cpw1gQ2iAhD0XbxZJyFtCGYorTdiQo9l1OW+7oMvNb91RIFga3ahzRro8HAfMYwUpLPfPM8bEauh5KHBcL1E7ROcqlZCpdpbl3k6Z3yU+8lvbMslWxJkDzxM5JGXLUe+a70w9J7NNAEY6l7NhWpLoJFooRTtOSE0saYTLCA9rRNMA+ld1kcmKKDrTSR14o9AsUmqi/JxLsSzn2XZ3MNpSzXib+53Vi5Z12ExZEsaIBmX7kxRypEGV9oT4TlCg+1gQTwfSuiAyxwETpVku6BHv25HnSPKrYVsW+Pi5XL/I6irAH+3AINpxAFWpQhwYQeIAneIFX49F4Nt6Mj2m0YOQzu/AHxtc3l1ujsw==</latexit>

X = Q�1X̄W�1
<latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit><latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit><latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit><latexit sha1_base64="kDz9/Ae5We1H9tbPVob4iHzIYhQ=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCQi6EYounHZgm0DTSyT6aQdOpmEmYlQQn7Cjb/ixoUibgV3/o2TNIi2Hhg495x7mXuPHzMqlWV9GQuLS8srq5W16vrG5ta2ubPbkVEiMGnjiEXC8ZEkjHLSVlQx4sSCoNBnpOuPr3O/e0+EpBG/VZOYeCEachpQjJSW+uaxGyI18gOYOhm8hD9V6y49sTPo+khAB3aLKuubNatuFYDzxC5JDZRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nVTSSJER6jIelpylFIpJcWV2XwUCsDGERCP65gof6eSFEo5ST0dWe+tZz1cvE/r5eo4MJLKY8TRTiefhQkDKoI5hHBARUEKzbRBGFB9a4Qj5BAWOkgqzoEe/bkedI5rdtW3W6d1RpXZRwVsA8OwBGwwTlogBvQBG2AwQN4Ai/g1Xg0no03433aumCUM3vgD4yPb+KUnV0=</latexit>

20-25 times faster!



Limited-subspace weighted method

Limited-subspace weighted matrix factorization 

where             

minimize
L̄,R̄

1

2

����


L̄
R̄

�����
2

F

subject to
���A(Q̃�1L̄R̄HW̃�1)�B

���
F
 ✏

<latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5FF6yOCG4I/uXXMjjPPUlU8VD6U="></latexit><latexit sha1_base64="5FF6yOCG4I/uXXMjjPPUlU8VD6U="></latexit><latexit sha1_base64="PdufbDFjaV8l/O4OzvhhQOpxMLU="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit><latexit sha1_base64="c/E0UtFdtLdyT4e8V429cZCyimE="></latexit>

Q̃�1 =
1

w 1
ŨŨH + Ũ?Ũ?H

<latexit sha1_base64="ExNqmY0TreyXtcFf0Aj3lCAe6Zg="></latexit><latexit sha1_base64="ExNqmY0TreyXtcFf0Aj3lCAe6Zg="></latexit><latexit sha1_base64="ExNqmY0TreyXtcFf0Aj3lCAe6Zg="></latexit><latexit sha1_base64="ExNqmY0TreyXtcFf0Aj3lCAe6Zg="></latexit>

W̃�1 =
1

w 2
ṼṼH + Ṽ?Ṽ?H

<latexit sha1_base64="up1+moaqeia6U9yRUrrhB9h9uoM="></latexit><latexit sha1_base64="up1+moaqeia6U9yRUrrhB9h9uoM="></latexit><latexit sha1_base64="up1+moaqeia6U9yRUrrhB9h9uoM="></latexit><latexit sha1_base64="up1+moaqeia6U9yRUrrhB9h9uoM="></latexit>

Ũ 2 Cm⇥rs
<latexit sha1_base64="R9KQo4/EQGVqHUYTQS5DhJa08jU=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYKzowlgk0lZqSuQ4TmvVdiLbQaqi/AYLv8LCAEKMMPE3OG0GaDmSpeNz7tW994Qpo0o7zre1srq2vrFZ26pv7+zu7dsHh12VZBITDycskf0QKcKoIJ6mmpF+KgniISO9cNIu/d4DkYom4k5PUzLkaCRoTDHSRgpsx9eURQTmPkd6HMbQK6BPBZx/w7xd3OccmiJOFJSBKgK74TSdGeAycSvSABU6gf3pRwnOOBEaM6TUwHVSPcyR1BQzUtT9TJEU4QkakYGhAplJw3x2WQFPjRLBOJHmCQ1n6u+OHHGlpjw0leXCatErxf+8Qabjq2FORZppIvB8UJwxqBNYxgQjKgnWbGoIwpKaXSEeI4mwNmHWTQju4snLpHvedJ2me3vRaF1XcdTAMTgBZ8AFl6AFbkAHeACDR/AMXsGb9WS9WO/Wx7x0xap6jsAfWF8/cJ6gkQ==</latexit><latexit sha1_base64="R9KQo4/EQGVqHUYTQS5DhJa08jU=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYKzowlgk0lZqSuQ4TmvVdiLbQaqi/AYLv8LCAEKMMPE3OG0GaDmSpeNz7tW994Qpo0o7zre1srq2vrFZ26pv7+zu7dsHh12VZBITDycskf0QKcKoIJ6mmpF+KgniISO9cNIu/d4DkYom4k5PUzLkaCRoTDHSRgpsx9eURQTmPkd6HMbQK6BPBZx/w7xd3OccmiJOFJSBKgK74TSdGeAycSvSABU6gf3pRwnOOBEaM6TUwHVSPcyR1BQzUtT9TJEU4QkakYGhAplJw3x2WQFPjRLBOJHmCQ1n6u+OHHGlpjw0leXCatErxf+8Qabjq2FORZppIvB8UJwxqBNYxgQjKgnWbGoIwpKaXSEeI4mwNmHWTQju4snLpHvedJ2me3vRaF1XcdTAMTgBZ8AFl6AFbkAHeACDR/AMXsGb9WS9WO/Wx7x0xap6jsAfWF8/cJ6gkQ==</latexit><latexit sha1_base64="R9KQo4/EQGVqHUYTQS5DhJa08jU=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYKzowlgk0lZqSuQ4TmvVdiLbQaqi/AYLv8LCAEKMMPE3OG0GaDmSpeNz7tW994Qpo0o7zre1srq2vrFZ26pv7+zu7dsHh12VZBITDycskf0QKcKoIJ6mmpF+KgniISO9cNIu/d4DkYom4k5PUzLkaCRoTDHSRgpsx9eURQTmPkd6HMbQK6BPBZx/w7xd3OccmiJOFJSBKgK74TSdGeAycSvSABU6gf3pRwnOOBEaM6TUwHVSPcyR1BQzUtT9TJEU4QkakYGhAplJw3x2WQFPjRLBOJHmCQ1n6u+OHHGlpjw0leXCatErxf+8Qabjq2FORZppIvB8UJwxqBNYxgQjKgnWbGoIwpKaXSEeI4mwNmHWTQju4snLpHvedJ2me3vRaF1XcdTAMTgBZ8AFl6AFbkAHeACDR/AMXsGb9WS9WO/Wx7x0xap6jsAfWF8/cJ6gkQ==</latexit><latexit sha1_base64="R9KQo4/EQGVqHUYTQS5DhJa08jU=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYKzowlgk0lZqSuQ4TmvVdiLbQaqi/AYLv8LCAEKMMPE3OG0GaDmSpeNz7tW994Qpo0o7zre1srq2vrFZ26pv7+zu7dsHh12VZBITDycskf0QKcKoIJ6mmpF+KgniISO9cNIu/d4DkYom4k5PUzLkaCRoTDHSRgpsx9eURQTmPkd6HMbQK6BPBZx/w7xd3OccmiJOFJSBKgK74TSdGeAycSvSABU6gf3pRwnOOBEaM6TUwHVSPcyR1BQzUtT9TJEU4QkakYGhAplJw3x2WQFPjRLBOJHmCQ1n6u+OHHGlpjw0leXCatErxf+8Qabjq2FORZppIvB8UJwxqBNYxgQjKgnWbGoIwpKaXSEeI4mwNmHWTQju4snLpHvedJ2me3vRaF1XcdTAMTgBZ8AFl6AFbkAHeACDR/AMXsGb9WS9WO/Wx7x0xap6jsAfWF8/cJ6gkQ==</latexit>

Ṽ 2 Cn⇥rs
<latexit sha1_base64="2s9K8TX6qAfZ+CRMH86wZi2D8sM=">AAACGXicbVBLS8NAEN74rPUV9ehlsQieSiKCHou9eKxgH9DEsNls2qWbTdidCCXkb3jxr3jxoIhHPflv3D4O2vrBwDffzDAzX5gJrsFxvq2V1bX1jc3KVnV7Z3dv3z447Og0V5S1aSpS1QuJZoJL1gYOgvUyxUgSCtYNR81JvfvAlOapvINxxvyEDCSPOSVgpMB2POAiYrjwEgLDMMadEntc4lkaFs3yvjAZ8IRprAJdBnbNqTtT4GXizkkNzdEK7E8vSmmeMAlUEK37rpOBXxAFnApWVr1cs4zQERmwvqGSmE1+Mf2sxKdGiXCcKhMS8FT9PVGQROtxEprOycF6sTYR/6v1c4iv/ILLLAcm6WxRnAsMKZ7YhCOuGAUxNoRQxc2tmA6JIhSMmVVjgrv48jLpnNddp+7eXtQa13M7KugYnaAz5KJL1EA3qIXaiKJH9Ixe0Zv1ZL1Y79bHrHXFms8coT+wvn4Ac9Ggkw==</latexit><latexit sha1_base64="2s9K8TX6qAfZ+CRMH86wZi2D8sM=">AAACGXicbVBLS8NAEN74rPUV9ehlsQieSiKCHou9eKxgH9DEsNls2qWbTdidCCXkb3jxr3jxoIhHPflv3D4O2vrBwDffzDAzX5gJrsFxvq2V1bX1jc3KVnV7Z3dv3z447Og0V5S1aSpS1QuJZoJL1gYOgvUyxUgSCtYNR81JvfvAlOapvINxxvyEDCSPOSVgpMB2POAiYrjwEgLDMMadEntc4lkaFs3yvjAZ8IRprAJdBnbNqTtT4GXizkkNzdEK7E8vSmmeMAlUEK37rpOBXxAFnApWVr1cs4zQERmwvqGSmE1+Mf2sxKdGiXCcKhMS8FT9PVGQROtxEprOycF6sTYR/6v1c4iv/ILLLAcm6WxRnAsMKZ7YhCOuGAUxNoRQxc2tmA6JIhSMmVVjgrv48jLpnNddp+7eXtQa13M7KugYnaAz5KJL1EA3qIXaiKJH9Ixe0Zv1ZL1Y79bHrHXFms8coT+wvn4Ac9Ggkw==</latexit><latexit sha1_base64="2s9K8TX6qAfZ+CRMH86wZi2D8sM=">AAACGXicbVBLS8NAEN74rPUV9ehlsQieSiKCHou9eKxgH9DEsNls2qWbTdidCCXkb3jxr3jxoIhHPflv3D4O2vrBwDffzDAzX5gJrsFxvq2V1bX1jc3KVnV7Z3dv3z447Og0V5S1aSpS1QuJZoJL1gYOgvUyxUgSCtYNR81JvfvAlOapvINxxvyEDCSPOSVgpMB2POAiYrjwEgLDMMadEntc4lkaFs3yvjAZ8IRprAJdBnbNqTtT4GXizkkNzdEK7E8vSmmeMAlUEK37rpOBXxAFnApWVr1cs4zQERmwvqGSmE1+Mf2sxKdGiXCcKhMS8FT9PVGQROtxEprOycF6sTYR/6v1c4iv/ILLLAcm6WxRnAsMKZ7YhCOuGAUxNoRQxc2tmA6JIhSMmVVjgrv48jLpnNddp+7eXtQa13M7KugYnaAz5KJL1EA3qIXaiKJH9Ixe0Zv1ZL1Y79bHrHXFms8coT+wvn4Ac9Ggkw==</latexit><latexit sha1_base64="2s9K8TX6qAfZ+CRMH86wZi2D8sM=">AAACGXicbVBLS8NAEN74rPUV9ehlsQieSiKCHou9eKxgH9DEsNls2qWbTdidCCXkb3jxr3jxoIhHPflv3D4O2vrBwDffzDAzX5gJrsFxvq2V1bX1jc3KVnV7Z3dv3z447Og0V5S1aSpS1QuJZoJL1gYOgvUyxUgSCtYNR81JvfvAlOapvINxxvyEDCSPOSVgpMB2POAiYrjwEgLDMMadEntc4lkaFs3yvjAZ8IRprAJdBnbNqTtT4GXizkkNzdEK7E8vSmmeMAlUEK37rpOBXxAFnApWVr1cs4zQERmwvqGSmE1+Mf2sxKdGiXCcKhMS8FT9PVGQROtxEprOycF6sTYR/6v1c4iv/ILLLAcm6WxRnAsMKZ7YhCOuGAUxNoRQxc2tmA6JIhSMmVVjgrv48jLpnNddp+7eXtQa13M7KugYnaAz5KJL1EA3qIXaiKJH9Ixe0Zv1ZL1Y79bHrHXFms8coT+wvn4Ac9Ggkw==</latexit>

U 2 Cm⇥r
<latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit><latexit sha1_base64="l26PCvzduTDF+5EeBmVNf3l42qY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUICcaKLoxFIm2lJlSO67RWbSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOz7lX994TJowq7TjfVmVtfWNzq7pd29nd2z+wD4+6Kk4lJh6OWSz7IVKEUUE8TTUj/UQSxENGeuG0Xfi9ByIVjcWdniUk4GgsaEQx0kYa2g2fIz0JI+hBnwq4+IVZO7/POPQ15URBmQ/tutN05oCrxC1JHZToDO0vfxTjlBOhMUNKDVwn0UGGpKaYkbzmp4okCE/RmAwMFcjMCbL5OTlsGGUEo1iaJzScq787MsSVmvHQVBbrqmWvEP/zBqmOroKMiiTVRODFoChlUMewyAaOqCRYs5khCEtqdoV4giTC2iRYMyG4yyevku5503Wa7u1FvXVdxlEFJ+AUnAEXXIIWuAEd4AEMHsEzeAVv1pP1Yr1bH4vSilX2HIM/sD5/AI4dm8s=</latexit>

V 2 Cn⇥r
<latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit><latexit sha1_base64="2nBYVPB/eestflLcNlrfJaAsK2U=">AAACDnicbVBNS8NAEJ3Ur1q/oh69LJaCp5KIoMdiLx4r2A9oY9lsN+3SzSbsboQS8gu8+Fe8eFDEq2dv/hs3bQ7a+mDgzZsZZub5MWdKO863VVpb39jcKm9Xdnb39g/sw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv1pM693H6hULBJ3ehZTL8RjwQJGsDbS0K4NQqwnfoA6aMAEWmR+2szuU5NpFlKFZDa0q07dmQOtErcgVSjQGtpfg1FEkpAKTThWqu86sfZSLDUjnGaVQaJojMkUj2nfUIHNHi+dv5OhmlFGKIikCaHRXP09keJQqVnom878XLVcy8X/av1EB1deykScaCrIYlGQcKQjlHuDRkxSovnMEEwkM7ciMsESE20crBgT3OWXV0nnvO46dff2otq4Luwowwmcwhm4cAkNuIEWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AkUubzQ==</latexit>

rs < r
<latexit sha1_base64="CyU7k0ESQ6nB2/yDJLWneY1TVx8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopY4eGHJD9KBac+tuDrJKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd8Z6likbc+Fl+7oycWWVIwljbUkhy9fdERiNjplFgOyOKY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm89/JUGjOUE4toUwLeythY6opQ5tQxYbgLb+8StoXdc+tew+XtcZtEUcZTuAUzsGDK2jAPTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gBpHo7y</latexit><latexit sha1_base64="CyU7k0ESQ6nB2/yDJLWneY1TVx8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopY4eGHJD9KBac+tuDrJKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd8Z6likbc+Fl+7oycWWVIwljbUkhy9fdERiNjplFgOyOKY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm89/JUGjOUE4toUwLeythY6opQ5tQxYbgLb+8StoXdc+tew+XtcZtEUcZTuAUzsGDK2jAPTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gBpHo7y</latexit><latexit sha1_base64="CyU7k0ESQ6nB2/yDJLWneY1TVx8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopY4eGHJD9KBac+tuDrJKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd8Z6likbc+Fl+7oycWWVIwljbUkhy9fdERiNjplFgOyOKY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm89/JUGjOUE4toUwLeythY6opQ5tQxYbgLb+8StoXdc+tew+XtcZtEUcZTuAUzsGDK2jAPTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gBpHo7y</latexit><latexit sha1_base64="CyU7k0ESQ6nB2/yDJLWneY1TVx8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopY4eGHJD9KBac+tuDrJKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd8Z6likbc+Fl+7oycWWVIwljbUkhy9fdERiNjplFgOyOKY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm89/JUGjOUE4toUwLeythY6opQ5tQxYbgLb+8StoXdc+tew+XtcZtEUcZTuAUzsGDK2jAPTShBQwm8Ayv8OYkzovz7nwsWktOMXMMf+B8/gBpHo7y</latexit>

Ũ ⇢ U
<latexit sha1_base64="2kQtR5fqSnXde8I4ajAqhLCLfXQ=">AAACDXicbVA9SwNBEN2LXzF+nVraLEbBKtyJoGXQxjKCSYTcEfY2c8mSvQ9254Rw5A/Y+FdsLBSxtbfz37iXBNHEBwOP92aYmRekUmh0nC+rtLS8srpWXq9sbG5t79i7ey2dZIpDkycyUXcB0yBFDE0UKOEuVcCiQEI7GF4VfvselBZJfIujFPyI9WMRCs7QSF37yEMhe0BzL2I4CELaHFNPZ4EGpD9S1646NWcCukjcGamSGRpd+9PrJTyLIEYumdYd10nRz5lCwSWMK16mIWV8yPrQMTRmEWg/n3wzpsdG6dEwUaZipBP190TOIq1HUWA6iwP1vFeI/3mdDMMLPxdxmiHEfLoozCTFhBbR0J5QwFGODGFcCXMr5QOmGEcTYMWE4M6/vEhapzXXqbk3Z9X65SyOMjkgh+SEuOSc1Mk1aZAm4eSBPJEX8mo9Ws/Wm/U+bS1Zs5l98gfWxze6RZtR</latexit><latexit sha1_base64="2kQtR5fqSnXde8I4ajAqhLCLfXQ=">AAACDXicbVA9SwNBEN2LXzF+nVraLEbBKtyJoGXQxjKCSYTcEfY2c8mSvQ9254Rw5A/Y+FdsLBSxtbfz37iXBNHEBwOP92aYmRekUmh0nC+rtLS8srpWXq9sbG5t79i7ey2dZIpDkycyUXcB0yBFDE0UKOEuVcCiQEI7GF4VfvselBZJfIujFPyI9WMRCs7QSF37yEMhe0BzL2I4CELaHFNPZ4EGpD9S1646NWcCukjcGamSGRpd+9PrJTyLIEYumdYd10nRz5lCwSWMK16mIWV8yPrQMTRmEWg/n3wzpsdG6dEwUaZipBP190TOIq1HUWA6iwP1vFeI/3mdDMMLPxdxmiHEfLoozCTFhBbR0J5QwFGODGFcCXMr5QOmGEcTYMWE4M6/vEhapzXXqbk3Z9X65SyOMjkgh+SEuOSc1Mk1aZAm4eSBPJEX8mo9Ws/Wm/U+bS1Zs5l98gfWxze6RZtR</latexit><latexit sha1_base64="2kQtR5fqSnXde8I4ajAqhLCLfXQ=">AAACDXicbVA9SwNBEN2LXzF+nVraLEbBKtyJoGXQxjKCSYTcEfY2c8mSvQ9254Rw5A/Y+FdsLBSxtbfz37iXBNHEBwOP92aYmRekUmh0nC+rtLS8srpWXq9sbG5t79i7ey2dZIpDkycyUXcB0yBFDE0UKOEuVcCiQEI7GF4VfvselBZJfIujFPyI9WMRCs7QSF37yEMhe0BzL2I4CELaHFNPZ4EGpD9S1646NWcCukjcGamSGRpd+9PrJTyLIEYumdYd10nRz5lCwSWMK16mIWV8yPrQMTRmEWg/n3wzpsdG6dEwUaZipBP190TOIq1HUWA6iwP1vFeI/3mdDMMLPxdxmiHEfLoozCTFhBbR0J5QwFGODGFcCXMr5QOmGEcTYMWE4M6/vEhapzXXqbk3Z9X65SyOMjkgh+SEuOSc1Mk1aZAm4eSBPJEX8mo9Ws/Wm/U+bS1Zs5l98gfWxze6RZtR</latexit><latexit sha1_base64="2kQtR5fqSnXde8I4ajAqhLCLfXQ=">AAACDXicbVA9SwNBEN2LXzF+nVraLEbBKtyJoGXQxjKCSYTcEfY2c8mSvQ9254Rw5A/Y+FdsLBSxtbfz37iXBNHEBwOP92aYmRekUmh0nC+rtLS8srpWXq9sbG5t79i7ey2dZIpDkycyUXcB0yBFDE0UKOEuVcCiQEI7GF4VfvselBZJfIujFPyI9WMRCs7QSF37yEMhe0BzL2I4CELaHFNPZ4EGpD9S1646NWcCukjcGamSGRpd+9PrJTyLIEYumdYd10nRz5lCwSWMK16mIWV8yPrQMTRmEWg/n3wzpsdG6dEwUaZipBP190TOIq1HUWA6iwP1vFeI/3mdDMMLPxdxmiHEfLoozCTFhBbR0J5QwFGODGFcCXMr5QOmGEcTYMWE4M6/vEhapzXXqbk3Z9X65SyOMjkgh+SEuOSc1Mk1aZAm4eSBPJEX8mo9Ws/Wm/U+bS1Zs5l98gfWxze6RZtR</latexit>

Ṽ ⇢ V
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,    is the rank used to recovery,      is the rank for limited-subspace   

,             

,             

,             
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Limited-subspace weighted method
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Similarity depends on largest angle between prior information and space of recovery
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<latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit>

indicates the similarity ✓2, a2
<latexit sha1_base64="KYnsAe7FJyw09vCFSrHIAjAJVFM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlsJ+3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZV8H0eArF+/tNWvVN2aOwddJV5BqqRAs1/58gcJz2JQyCUzpue5KQY50yi4hGnZzwykjI/ZEHqWKhaDCfL5zVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/UyjG6CXKg0Q1B8sSjKJMWEzgKgA6GBo5xYwrgW9lbKR0wzjjamsg3BW355lbTrNc+teQ9X1cZtEUeJnJIzckE8ck0a5J40SYtwkpJn8krenMx5cd6dj0XrmlPMnJA/cD5/ACIVkRM=</latexit><latexit sha1_base64="KYnsAe7FJyw09vCFSrHIAjAJVFM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlsJ+3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZV8H0eArF+/tNWvVN2aOwddJV5BqqRAs1/58gcJz2JQyCUzpue5KQY50yi4hGnZzwykjI/ZEHqWKhaDCfL5zVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/UyjG6CXKg0Q1B8sSjKJMWEzgKgA6GBo5xYwrgW9lbKR0wzjjamsg3BW355lbTrNc+teQ9X1cZtEUeJnJIzckE8ck0a5J40SYtwkpJn8krenMx5cd6dj0XrmlPMnJA/cD5/ACIVkRM=</latexit><latexit sha1_base64="KYnsAe7FJyw09vCFSrHIAjAJVFM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlsJ+3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZV8H0eArF+/tNWvVN2aOwddJV5BqqRAs1/58gcJz2JQyCUzpue5KQY50yi4hGnZzwykjI/ZEHqWKhaDCfL5zVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/UyjG6CXKg0Q1B8sSjKJMWEzgKgA6GBo5xYwrgW9lbKR0wzjjamsg3BW355lbTrNc+teQ9X1cZtEUeJnJIzckE8ck0a5J40SYtwkpJn8krenMx5cd6dj0XrmlPMnJA/cD5/ACIVkRM=</latexit><latexit sha1_base64="KYnsAe7FJyw09vCFSrHIAjAJVFM=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJIUQY9FLx4r2A9oQtlsJ+3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMc2jxRCa6GzIDUihooUAJ3VQDi0MJnXB8N/M7T6CNSNQjTlIIYjZUIhKcoZV8H0eArF+/tNWvVN2aOwddJV5BqqRAs1/58gcJz2JQyCUzpue5KQY50yi4hGnZzwykjI/ZEHqWKhaDCfL5zVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/UyjG6CXKg0Q1B8sSjKJMWEzgKgA6GBo5xYwrgW9lbKR0wzjjamsg3BW355lbTrNc+teQ9X1cZtEUeJnJIzckE8ck0a5J40SYtwkpJn8krenMx5cd6dj0XrmlPMnJA/cD5/ACIVkRM=</latexit>



Limited-subspace weighted method
Zhang, Y. et al. “High-frequency wavefield recovery with weighted matrix factorizaOons.” In SEG Technical Program Expanded Abstracts, 2019. 
Egekhari, A. et al. “Weighted matrix compleOon and recovery with prior subspace informaOon.” IEEE TransacOons on InformaOon Theory, 2018. 

‣ does not affect the similarity between 
adjacent frequencies 

Similarity depends on largest angle between prior information and space of recovery

Full-subspace of prior informa7on

S
<latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit>

✓2
<latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit>

a2
<latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit>

s2
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‣ does not affect the similarity between 
adjacent frequencies 

Similarity depends on largest angle between prior information and space of recovery

Full-subspace of prior informa7on
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F
<latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

✓, a
<latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit>
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‣ does not affect the similarity between 
adjacent frequencies 

Similarity depends on largest angle between prior information and space of recovery

Full-subspace of prior informa7on

indicates the similarity

Limited-subspace

S
<latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit>

✓2
<latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit>

a2
<latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit>

s2
<latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit>

F
<latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

L1
<latexit sha1_base64="26/ZQADLhl6Pt6MX0Ew7bUW4+WQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSiT6aQdOpmEmRuhhH6GGxeKuPVr3Pk3TtostPXAwOGce5lzT5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJre533ni2ohYPeI04X5ER0qEglG0Uq8fURwHIbkfeINqza27c5BV4hWkBgWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsVTTixs/mkWfkzCpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC1VbAne8smrpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCGZ3iFNwedF+fd+ViMlpxi5xj+wPn8AXUWkLI=</latexit><latexit sha1_base64="26/ZQADLhl6Pt6MX0Ew7bUW4+WQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSiT6aQdOpmEmRuhhH6GGxeKuPVr3Pk3TtostPXAwOGce5lzT5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJre533ni2ohYPeI04X5ER0qEglG0Uq8fURwHIbkfeINqza27c5BV4hWkBgWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsVTTixs/mkWfkzCpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC1VbAne8smrpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCGZ3iFNwedF+fd+ViMlpxi5xj+wPn8AXUWkLI=</latexit><latexit sha1_base64="26/ZQADLhl6Pt6MX0Ew7bUW4+WQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSiT6aQdOpmEmRuhhH6GGxeKuPVr3Pk3TtostPXAwOGce5lzT5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJre533ni2ohYPeI04X5ER0qEglG0Uq8fURwHIbkfeINqza27c5BV4hWkBgWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsVTTixs/mkWfkzCpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC1VbAne8smrpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCGZ3iFNwedF+fd+ViMlpxi5xj+wPn8AXUWkLI=</latexit><latexit sha1_base64="26/ZQADLhl6Pt6MX0Ew7bUW4+WQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSiT6aQdOpmEmRuhhH6GGxeKuPVr3Pk3TtostPXAwOGce5lzT5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJre533ni2ohYPeI04X5ER0qEglG0Uq8fURwHIbkfeINqza27c5BV4hWkBgWag+pXfxizNOIKmaTG9Dw3QT+jGgWTfFbpp4YnlE3oiPcsVTTixs/mkWfkzCpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC1VbAne8smrpH1R99y693BZa9wUdZThBE7hHDy4ggbcQRNawCCGZ3iFNwedF+fd+ViMlpxi5xj+wPn8AXUWkLI=</latexit>

✓, a
<latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit>
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a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

✓, a
<latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit>
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‣ does not affect the similarity between 
adjacent frequencies 

Similarity depends on largest angle between prior information and space of recovery

Full-subspace of prior informa7on

indicates the similarity

Limited-subspace

S
<latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit><latexit sha1_base64="GU4DPOX1JHphFFVTS7adnq5v84A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVba20Q8mkmTY0jyHJCGXoV7hxoYhbP8edf2OmnYW2HggczrmXnHuihDNjff/bK62srq1vlDcrW9s7u3vV/YO2UakmtEUUV7oTYUM5k7RlmeW0k2iKRcTpQzS+zv2HJ6oNU/LeThIaCjyULGYEWyc99gS2oyhGd/1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmgafoxCkDFCvtnrRopv7eyLAwZiIiN5kHNIteLv7ndVMbX4YZk0lqqSTzj+KUI6tQfj0aME2J5RNHMNHMZUVkhDUm1nVUcSUEiycvk/ZZPfDrwe15rXFV1FGGIziGUwjgAhpwA01oAQEBz/AKb572Xrx372M+WvKKnUP4A+/zB1SmkBU=</latexit>

✓2
<latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit><latexit sha1_base64="7/pSNJ56+9MBYfOPbWbW9A9Ekos=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ96q9UtmtuHOwVeLlpAw56r3SV7cfizTEiITixnQ8NyE/45qkUDgtdlODCRdjPsSOpREP0fjZ/N4pO7dKnw1ibSsiNld/T2Q8NGYSBrYz5DQyy95M/M/rpDS49jMZJSlhJBaLBqliFLPZ86wvNQpSE0u40NLeysSIay7IRlS0IXjLL6+SZrXiuRXv/rJcu8njKMApnMEFeHAFNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/zuuPzQ==</latexit>

a2
<latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit>

s2
<latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit>

F
<latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit><latexit sha1_base64="QkO17KPX7BplhhxjvIF4Y2EeV3w=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Fpph5JJM21oHkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHMvOfdECWfG+v63V1pZXVvfKG9WtrZ3dveq+wdto1JNaIsornQnwoZyJmnLMstpJ9EUi4jTh2h8nfsPT1QbpuS9nSQ0FHgoWcwItk567AlsR1GMbvrVml/3Z0DLJChIDQo0+9Wv3kCRVFBpCcfGdAM/sWGGtWWE02mllxqaYDLGQ9p1VGJBTZjNAk/RiVMGKFbaPWnRTP29kWFhzEREbjIPaBa9XPzP66Y2vgwzJpPUUknmH8UpR1ah/Ho0YJoSyyeOYKKZy4rICGtMrOuo4koIFk9eJu2zeuDXg7vzWuOqqKMMR3AMpxDABTTgFprQAgICnuEV3jztvXjv3sd8tOQVO4fwB97nD0DykAg=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

L2
<latexit sha1_base64="oYVYOC+aBy0wkvctCozEd1EjasQ=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI6DkNwP6oNK1a25c5BV4hWkCgWag8pXfxizNOIKmaTG9Dw3QT+jGgWTfFbup4YnlE3oiPcsVTTixs/mkWfk3CpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC2VbQne8smrpF2veW7Ne7isNm6KOkpwCmdwAR5cQQPuoAktYBDDM7zCm4POi/PufCxG15xi5wT+wPn8AXaakLM=</latexit><latexit sha1_base64="oYVYOC+aBy0wkvctCozEd1EjasQ=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI6DkNwP6oNK1a25c5BV4hWkCgWag8pXfxizNOIKmaTG9Dw3QT+jGgWTfFbup4YnlE3oiPcsVTTixs/mkWfk3CpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC2VbQne8smrpF2veW7Ne7isNm6KOkpwCmdwAR5cQQPuoAktYBDDM7zCm4POi/PufCxG15xi5wT+wPn8AXaakLM=</latexit><latexit sha1_base64="oYVYOC+aBy0wkvctCozEd1EjasQ=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI6DkNwP6oNK1a25c5BV4hWkCgWag8pXfxizNOIKmaTG9Dw3QT+jGgWTfFbup4YnlE3oiPcsVTTixs/mkWfk3CpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC2VbQne8smrpF2veW7Ne7isNm6KOkpwCmdwAR5cQQPuoAktYBDDM7zCm4POi/PufCxG15xi5wT+wPn8AXaakLM=</latexit><latexit sha1_base64="oYVYOC+aBy0wkvctCozEd1EjasQ=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI6DkNwP6oNK1a25c5BV4hWkCgWag8pXfxizNOIKmaTG9Dw3QT+jGgWTfFbup4YnlE3oiPcsVTTixs/mkWfk3CpDEsbaPoVkrv7eyGhkzDQK7GQe0Sx7ufif10sxvPYzoZIUuWKLj8JUEoxJfj8ZCs0ZyqkllGlhsxI2ppoytC2VbQne8smrpF2veW7Ne7isNm6KOkpwCmdwAR5cQQPuoAktYBDDM7zCm4POi/PufCxG15xi5wT+wPn8AXaakLM=</latexit>

✓, a
<latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit><latexit sha1_base64="tr2clT6ftcSn2BLn4whiqdvG2j0=">AAAB73icbVBNS8NAEN3Ur1q/qh69BIvgQUoigh6LXjxWsLXQhjLZTtulm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSKFIc/7dgorq2vrG8XN0tb2zu5eef+gaeJUc2zwWMa6FYJBKRQ2SJDEVqIRolDiQzi6mfoPT6iNiNU9jRMMIhgo0RccyEqtDg2R4Ay65YpX9WZwl4mfkwrLUe+Wvzq9mKcRKuISjGn7XkJBBpoElzgpdVKDCfARDLBtqYIITZDN7p24J1bpuf1Y21LkztTfExlExoyj0HZGQEOz6E3F/7x2Sv2rIBMqSQkVny/qp9Kl2J0+7/aERk5ybAlwLeytLh+CBk42opINwV98eZk0z6u+V/XvLiq16zyOIjtix+yU+eyS1dgtq7MG40yyZ/bK3pxH58V5dz7mrQUnnzlkf+B8/gDIqI/J</latexit>



2D Field data example: Gulf of Suez
Data acquisition area: Gulf of Suez 
Data dimension: 355 x 355 x 1024 (nr x ns x nt) 
Dimension of each frequency slice: 355 x 355 
Source sampling interval: 25 m 
Receiver sampling interval: 25 m  



Field data example: Gulf of Suez
Observed data: 75 % missing sources 

Result shown for Frequency slice: 22 Hz 



Optimization information

Number of iterations per frequency: 150 



Scenarios compared
Scenario 1: using recursively weighted matrix completion (rank 
= 85, subspace rank = 85) 

Scenario 2: using recursively weighted matrix completion (rank 
= 25, subspace rank = 25) 

Scenario 3: using recursively limited-subspace weighted matrix 
completion (rank = 85, subspace rank = 25)



Frequency slice: 22 Hz



Fully sampled data



Observed data (75% jittered subsampled)



SNR = 13.09 dB 
Rank = 85 
Subspace rank = 85

Recovery w/ weighted (rank = 85)



Recovery w/ weighted (rank = 25)

SNR = 15.50 dB 
Rank = 25 
Subspace rank = 25



Recovery w/ limited subspaces weighted

SNR = 19.52 dB 
Rank = 85 
Subspace rank = 25



Difference: True - Recovery w/ weighted (rank = 85) 

SNR = 13.09 dB 
Rank = 85 
Subspace rank = 85



Difference: True - Recovery w/ weighted (rank = 25)

SNR = 15.50 dB 
Rank = 25 
Subspace rank = 25



Difference: True - Recovery w/ limited subspaces weighted 

SNR = 19.52 dB 
Rank = 85 
Subspace rank = 25



Common receiver gather



Fully sampled data



Observed data (75% jittered subsampled)



Difference: True - Recovery w/ weighted (rank = 85) 

SNR = 10.69 dB 
Rank = 85 
Subspace rank = 85



Difference: True - Recovery w/ weighted (rank = 25)

SNR = 11.49 dB 
Rank = 25 
Subspace rank = 25



Difference: True - Recovery w/ limited subspaces weighted 

SNR = 13.31 dB 
Rank = 85 
Subspace rank = 25



Conclusion & future work
Limited weighted strategy  

‣ prevents overfitting at lower frequencies 
‣ improves SNR at higher frequencies 

Simultaneous source separation
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