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Motivation
Fully sampled data

‣ needed for multiple removal, migration & FWI

Seismic data
‣ expensive to acquire 

Conventional matrix completion
‣ exploits low-rank structure for recovery
‣ performance degrades w/ increasing frequency



Fully sampled data: 30 Hz slice
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Observed data (75% jittered subsampled)
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Recovery with conventional method (30Hz)
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SNR = 11.48 dB
Rank = 30



Difference: True - Recovery w/ conventional
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Difference: True - Recovery w/ conventional
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Why weighted matrix completion?

Eftekhari, A. et al. “Weighted matrix completion and recovery with prior subspace information.” IEEE Transactions on Information Theory, 2018.
Aravkin, A., Kumar, R., Mansour, H., Recht, B., and Herrmann, F. J. “Fast methods for denoising matrix completion formulations, with applications to 
robust seismic data interpolation.” SIAM Journal on Scientific Computing, 2014.



Why weighted matrix completion?
Reliable prior information
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In seismic data
‣ similarity between adjacent frequency slices can be used as prior



Why weighted matrix completion?
Reliable prior information

‣ useful for data reconstruction quality improvement
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In seismic data
‣ similarity between adjacent frequency slices can be used as prior

Similarity depends 
‣ on largest angle between adjacent frequency slices



Matrix completion
Successful reconstruction schemes

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

‣ sample randomly  
- increases rank in “transform domain”
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Low-rank structure
time-jittered data, monochromatic slice, Sx-Sy matricization
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No subsampling
50% missing sources

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

Low-rank structure 
Monochromatic slice, Sx-Sy matricization

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
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Low-rank structure
time-jittered data, monochromatic slice, Sx-Rx matricization
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50% missing sources
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Matrix completion
Successful reconstruction schemes

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

‣ sample randomly  
- increases rank in “transform domain”

‣ optimization 
- via rank-minimization (nuclear norm-minimization)



Rank minimization

Conventional method

Rajiv Kumar, Curt Da Silva, Okan Akalin, Aleksandr Y. Aravkin, Hassan Mansour, Ben Recht, and Felix J. Herrmann, “Efficient matrix completion for 
seismic data reconstruction”, Geophysics, vol. 80, pp. V97-V114, 2015
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acquisition mask
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Frobenius normk.kF
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Rank minimization

Conventional method
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where
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acquisition mask
observed data

Hard to solve

Frobenius normk.kF
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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
<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>

Expensive for large scale

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

Eftekhari, A. et al. “Weighted matrix completion and recovery with prior subspace information.” IEEE Transactions on Information Theory, 2018.

Weighted matrix completion



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
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Scalars                                 are weights w1, w2 2 (0, 1]
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Eftekhari, A. et al. “Weighted matrix completion and recovery with prior subspace information.” IEEE Transactions on Information Theory, 2018.
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Weighted matrix factorization



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>

Eftekhari, A. et al. “Weighted matrix completion and recovery with prior subspace information.” IEEE Transactions on Information Theory, 2018.

Weighted matrix completion

minimize
L,R

1

2

����


QL
WR

�����
2

F

subject to
��A(LRH)�B

��
F
 ✏

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

Weighted matrix factorization

Smaller weights correspond to more confidence on prior information



Understanding similarity

✓1
<latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit><latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit><latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</latexit><latexit sha1_base64="SrHi+Al9vauGKXsHgyllQXQrrvk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhsw9neoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbweh25reeUBuZxA80TtGP+CCWoRScrNTu0hCJ97xeueJW3TnYKvFyUoEc9V75q9tPRBZhTEJxYzqem5I/4ZqkUDgtdTODKRcjPsCOpTGP0PiT+b1TdmaVPgsTbSsmNld/T0x4ZMw4CmxnxGlolr2Z+J/XySi89icyTjPCWCwWhZlilLDZ86wvNQpSY0u40NLeysSQay7IRlSyIXjLL6+S5kXVc6ve/WWldpPHUYQTOIVz8OAKanAHdWiAAAXP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zWePzA==</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>

Small angle        more similarity Large angle        less similarity

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>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>
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2D Field data example: Gulf of Suez
Data acquisition area: Gulf of Suez 
Data dimension: 354 x 354 x 1024 (nr x ns x nt) 
Dimension of each frequency slice: 354 x 354 
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: 30 Hz 



Optimization information
Rank: 30 

Number of iterations per frequency: 150 



Scenarios compared
Scenario 1: without using any prior information

Scenario 2: using single pair prior information

Scenario 3: using recursive prior information



Frequency slice: 30 Hz
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Observed data (75% jittered subsampled)
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Recovery w/ conventional method

SNR = 11.48 dB
Rank = 30
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Recovery w/ weighted pair
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SNR = 15.36 dB
Rank = 30
Weight = 0.75



Recovery w/ weighted recursive

SNR = 18.63 dB
Rank = 30
Weight = 0.75
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Difference: True - Recovery w/ conventional

SNR = 11.48 dB
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Difference: True - Recovery w/ weighted pair

SNR = 15.36 dB
Rank = 30
Weight = 0.75
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Difference: True - Recovery w/ weighted recursive

SNR = 18.63 dB
Rank = 30
Weight = 0.75
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Common Receiver Gather
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Fully sampled data



Observed data (75% jittered subsampled)
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Recovery w/ conventional method

SNR = 6.90 dB
Rank = 30
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Recovery w/ weighted recursive

SNR = 11.75 dB
Rank = 30
Weight = 0.75
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Difference: True - Recovery w/ conventional

SNR = 6.90 dB
Rank = 30
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Difference: True - Recovery w/ weighted recursive

SNR = 11.75 dB
Rank = 30
Weight = 0.75
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3D synthetic data example
Velocity model: Overthrust model 
Dimension of each frequency slice: 86 x 86 x 172 x 172 
(nrx x  nry x nsx x nsy) 
Source sampling interval: 100 m (in both directions) 
Receiver sampling interval: 50 m (in both directions) 



Frequency slice: 10 Hz



Fully sampled data: Sx-Sy matricization



Sub-sampled data: Sx-Sy matricization  
90% missing sources



Fully sampled data: Sx-Rx matricization



Sub-sampled data: Sx-Rx matricization  
90% missing sources



Interpolated data: Sx-Rx matricization 
w/o weights SNR: 17.41dB



Interpolated data: Sx-Rx matricization  
w/ weights SNR: 19.20dB



Difference: Sx-Rx matricization 
True - interpolated w/o weights SNR: 17.41dB



Difference: Sx-Rx matricization 
True - interpolated w/ weights SNR: 19.20dB



Interpolated data: Sx-Sy matricization  
w/o weights SNR: 17.41dB



Interpolated data: Sx-Sy matricization  
w/ weights SNR: 19.20dB



Difference: Sx-Sy matricization  
True - interpolated w/o weights SNR: 17.41dB



Difference: Sx-Sy matricization  
True - interpolated w/ weights SNR: 19.20dB



Conclusion & Future work
Recursive weighted strategy 

‣ improves SNR at higher frequencies

High frequency 3D data interpolation
‣ needs parallel weighted framework

Simultaneous source separation
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