
Lecture 8

COMP 414/514: 
Optimization - Algorithms, Complexity 

and Approximations



Overview

- In the past lectures, we:

- Talked a little bit about general smooth optimization problems

- This included both non-convex optimization, but also convex

- The discussion was quite abstract (no particular application)
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- We will consider (possibly) the simplest non-convex setting:  
   sparse model selection

- We will provide motivation, background and alternative solutions

- We will focus on how we can provably and efficiently solve 
    such problems



Overview

min
x

f(x)

s.t. x 2 C
<latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit><latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit><latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit><latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit>



Overview

min
x

f(x)

s.t. x 2 C
<latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit><latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit><latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit><latexit sha1_base64="VS5+BwXu/958fDcsLNtKePYYGz8="></latexit>

We will consider convex objectives..

..over non-convex constraints
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We will consider convex objectives..

..over non-convex constraints

- We will focus on the cases of (structured) sparsity and low-rankness



Sparse linear regression
- Generative model: yi = a>i x

? + wi
<latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit>

- ai 2 Rp
<latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit>

: features - : responsesyi 2 R
<latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit>

wi 2 R
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- ai 2 Rp
<latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit>

: features - : responsesyi 2 R
<latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit>

wi 2 R
<latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit>- : additive noise

- Generative prior: x? 2 Rp
<latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit>

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

kx?k0 = k, k ⌧ p
<latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit>



Sparse linear regression
- Generative model: yi = a>i x

? + wi
<latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit>

- ai 2 Rp
<latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit>

: features - : responsesyi 2 R
<latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit>

wi 2 R
<latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit>- : additive noise

- Generative prior: x? 2 Rp
<latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit>

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

kx?k0 = k, k ⌧ p
<latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit>

- Assuming data set                            , find  {yi, ai}ni=1 , n < p
<latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit><latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit><latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit><latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit>

x? 2 Rp
<latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit>

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>



Sparse linear regression
- Generative model: yi = a>i x

? + wi
<latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit><latexit sha1_base64="+C1m1XHjxo0xRqF53SsRmabPR7I=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigm6EohuXFewDmjRMppN26OTBzI0aQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufcePxFcgWV9G4WFxaXlleJqaW19Y3PL3N5pqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOkPrkZ+845JxePoFrKEuSHpRTzglICWPHM/8zi+wMTjHQfiBD90HAVE4mN873HPLFsVaww8T+wpKaMpap755XRjmoYsAiqIUm3bSsDNiQROBRuWnFSxhNAB6bG2phEJmXLz8RdDfKiVLg5iqSsCPFZ/T+QkVCoLfd0ZEuirWW8k/ue1UwjO3ZxHSQosopNFQSowxHgUCe5yySiITBNCJde3YtonklDQwZV0CPbsy/OkcVKxrYp9c1quXk7jKKI9dICOkI3OUBVdoxqqI4oe0TN6RW/Gk/FivBsfk9aCMZ3ZRX9gfP4AubOXbQ==</latexit>

- ai 2 Rp
<latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit><latexit sha1_base64="rIyAtQyRW54OkeRG++D0TCaQ3YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy6r2Ac0MUymk3boZBJmJkINxV9x40IRt/6HO//GSduFth4YOJxzL/fMCVPOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Hw6vCbz9QqVgi7vQopX6M+4JFjGBtpMA+wAFDHhPIi7EehGF+O75PA7vq1JwJ0CJxZ6QKMzQC+8vrJSSLqdCEY6W6rpNqP8dSM8LpuOJliqaYDHGfdg0VOKbKzyfpx+jYKD0UJdI8odFE/b2R41ipURyaySKjmvcK8T+vm+nows+ZSDNNBZkeijKOdIKKKlCPSUo0HxmCiWQmKyIDLDHRprCKKcGd//IiaZ3WXKfm3pxV65ezOspwCEdwAi6cQx2uoQFNIPAIz/AKb9aT9WK9Wx/T0ZI129mHP7A+fwAGXZTx</latexit>

: features - : responsesyi 2 R
<latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit><latexit sha1_base64="rMV2nr0kCG1TJU2Zcnp0qxM+XuY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GXRjcsq9gFtCZPppB06mYSZiRhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2nG+rcra+sbmVnW7trO7t39gH9a7KkokoR0S8Uj2fawoZ4J2NNOc9mNJcehz2vNnN4Xfe6RSsUg86DSmoxBPBAsYwdpInl1PPYaGTKBhiPXU97P73LMbTtOZA60StyQNKNH27K/hOCJJSIUmHCs1cJ1YjzIsNSOc5rVhomiMyQxP6MBQgUOqRtk8e45OjTJGQSTNExrN1d8bGQ6VSkPfTBYJ1bJXiP95g0QHV6OMiTjRVJDFoSDhSEeoKAKNmaRE89QQTCQzWRGZYomJNnXVTAnu8pdXSfe86TpN9+6i0bou66jCMZzAGbhwCS24hTZ0gMATPMMrvFm59WK9Wx+L0YpV7hzBH1ifP5v1lCc=</latexit>

wi 2 R
<latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit><latexit sha1_base64="SNlFXdGGuufpWsDMuSgtPo/mGtk=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KokIuiy6cVnFPqAJYTKdtEMnkzAzUUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YECWdK2/a3tbK6tr6xWdmqbu/s7u3XDupdFaeS0A6JeSz7AVaUM0E7mmlO+4mkOAo47QWT68LvPVCpWCzu9TShXoRHgoWMYG0kv1Z/9BlymUBuhPU4CLK73K817KY9A1omTkkaUKLt177cYUzSiApNOFZq4NiJ9jIsNSOc5lU3VTTBZIJHdGCowBFVXjbLnqMTowxRGEvzhEYz9fdGhiOlplFgJouEatErxP+8QarDSy9jIkk1FWR+KEw50jEqikBDJinRfGoIJpKZrIiMscREm7qqpgRn8cvLpHvWdOymc3veaF2VdVTgCI7hFBy4gBbcQBs6QOAJnuEV3qzcerHerY/56IpV7hzCH1ifP5jLlCU=</latexit>- : additive noise

- Generative prior: x? 2 Rp
<latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit>

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

kx?k0 = k, k ⌧ p
<latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit><latexit sha1_base64="QKJKW0N1MV24RBj3VnYt8wpwfqc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSElE0I1QdOOygn1AE8NkOmmHTh7M3IglreDGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxsLi0vLKamGtuL6xubVt7uw2VJxKyuo0FrFs+UQxwSNWBw6CtRLJSOgL1vT7l2O/ecek4nF0A4OEuSHpRjzglICWPLPkDO9vHQVEOkPPwue4f4Qf+tgRAieeWbYq1gR4ntg5KaMcNc/8cjoxTUMWARVEqbZtJeBmRAKngo2KTqpYQmifdFlb04iETLnZ5IkRPtBKBwex1BUBnqi/JzISKjUIfd0ZEuipWW8s/ue1UwjO3IxHSQosotNFQSowxHicCO5wySiIgSaESq5vxbRHJKGgcyvqEOzZl+dJ47hiWxX7+qRcvcjjKKAS2keHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaeuCkc/soT8wPn8A0pmW5Q==</latexit>

- Assuming data set                            , find  {yi, ai}ni=1 , n < p
<latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit><latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit><latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit><latexit sha1_base64="yaC9QwF0dc9vpgIFjP6KTGb1cGE=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KCURQQ8KRS8eK9gPaGLYbDft0s0m7k6EEvovvPhXvHhQxKve/Ddu2xy09cHA470ZZuYFieAabPvbWlhcWl5ZLawV1zc2t7ZLO7tNHaeKsgaNRazaAdFMcMkawEGwdqIYiQLBWsHgauy3HpjSPJa3MEyYF5Ge5CGnBIzkl6quYCG42dDnFUx87ire64M78jOOL7AzupMV7N6npIslPseJXyrbVXsCPE+cnJRRjrpf+nK7MU0jJoEKonXHsRPwMqKAU8FGRTfVLCF0QHqsY6gkEdNeNvlrhA+N0sVhrExJwBP190RGIq2HUWA6IwJ9PeuNxf+8TgrhmZdxmaTAJJ0uClOBIcbjkHCXK0ZBDA0hVHFzK6Z9oggFE2XRhODMvjxPmsdVx646Nyfl2mUeRwHtowN0hBx0imroGtVRA1H0iJ7RK3qznqwX6936mLYuWPnMHvoD6/MH00aeZQ==</latexit>

x? 2 Rp
<latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit><latexit sha1_base64="ff9qwN2XwdBxMteB1hhoIXwjBzE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx6r2A9o0rLZbtulm03Y3YglBLz4V7x4UMSrf8Kb/8ZN24O2Phh4vDfDzLwg5kxpx/m2CkvLK6trxfXSxubW9o69u9dQUSIJrZOIR7IVYEU5E7Sumea0FUuKw4DTZjC6yv3mPZWKReJOj2Pqh3ggWJ8RrI3UtQ8eOp7SWCKPCeSFWA+DIL3NOmmcde2yU3EmQIvEnZEyzFDr2l9eLyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsID2jZU4JAqP538kKFjo/RQP5KmhEYT9fdEikOlxmFgOvMr1byXi/957UT3L/yUiTjRVJDpon7CkY5QHgjqMUmJ5mNDMJHM3IrIEEtMtImtZEJw519eJI3TiutU3JuzcvVyFkcRDuEITsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj2lqwZjP78AfW5w9Bupfo</latexit>

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>

- Any suggestions how to solve this?



Sparse linear regression



Sparse linear regression
- Solution #1: convexification + proj. gradient descent

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk1  �
<latexit sha1_base64="e+o9tauT4uT0fkhZ25xQZ7KZFaE=">AAACh3icbVFdb9MwFHXCgK18FXjk5YqKaSARkjLBhIS0wQuPA9FtUt1VjnPTWXOcEN+gVm7+Cj+KN/4NTlsJ2LiSraNz7rGvj9NKK0tx/CsIb2zdvHV7e6d35+69+w/6Dx+d2LKpJY5kqcv6LBUWtTI4IkUaz6oaRZFqPE0vP3b66XesrSrNV1pUOCnEzKhcSUGemvZ/8BRnyjih1cxg1vZ2gTcm8w4kNweuDPBC0EWaui/t edU6TjgnVyjTdr27kO/Nn8O798Apr4V0SeuGLfDlAl7C0Zwvp8PzIXDeHbsy2oiitZEvOzkBrvGb3/zImQDocTTZn2mm/UEcxauC6yDZgAHb1PG0/5NnpWwKNCS1sHacxBVNnKhJSY1tjzcWKyEvxQzHHhpRoJ24VY4tPPNMBnlZ+2UIVuzfDicKaxdF6ju7TOxVrSP/p40byg8mTpmqITRyfVHeaKASuk+BTNUoSS88ELJWflaQF8LnSf4juhCSq0++Dk6GURJHyef9weGHTRzb7Al7yvZYwt6yQ/aJHbMRk8FW8CJ4HeyHO+Gr8E14sG4Ng43nMfunwqPf+BTAKA==</latexit><latexit sha1_base64="e+o9tauT4uT0fkhZ25xQZ7KZFaE=">AAACh3icbVFdb9MwFHXCgK18FXjk5YqKaSARkjLBhIS0wQuPA9FtUt1VjnPTWXOcEN+gVm7+Cj+KN/4NTlsJ2LiSraNz7rGvj9NKK0tx/CsIb2zdvHV7e6d35+69+w/6Dx+d2LKpJY5kqcv6LBUWtTI4IkUaz6oaRZFqPE0vP3b66XesrSrNV1pUOCnEzKhcSUGemvZ/8BRnyjih1cxg1vZ2gTcm8w4kNweuDPBC0EWaui/t edU6TjgnVyjTdr27kO/Nn8O798Apr4V0SeuGLfDlAl7C0Zwvp8PzIXDeHbsy2oiitZEvOzkBrvGb3/zImQDocTTZn2mm/UEcxauC6yDZgAHb1PG0/5NnpWwKNCS1sHacxBVNnKhJSY1tjzcWKyEvxQzHHhpRoJ24VY4tPPNMBnlZ+2UIVuzfDicKaxdF6ju7TOxVrSP/p40byg8mTpmqITRyfVHeaKASuk+BTNUoSS88ELJWflaQF8LnSf4juhCSq0++Dk6GURJHyef9weGHTRzb7Al7yvZYwt6yQ/aJHbMRk8FW8CJ4HeyHO+Gr8E14sG4Ng43nMfunwqPf+BTAKA==</latexit><latexit sha1_base64="e+o9tauT4uT0fkhZ25xQZ7KZFaE=">AAACh3icbVFdb9MwFHXCgK18FXjk5YqKaSARkjLBhIS0wQuPA9FtUt1VjnPTWXOcEN+gVm7+Cj+KN/4NTlsJ2LiSraNz7rGvj9NKK0tx/CsIb2zdvHV7e6d35+69+w/6Dx+d2LKpJY5kqcv6LBUWtTI4IkUaz6oaRZFqPE0vP3b66XesrSrNV1pUOCnEzKhcSUGemvZ/8BRnyjih1cxg1vZ2gTcm8w4kNweuDPBC0EWaui/t edU6TjgnVyjTdr27kO/Nn8O798Apr4V0SeuGLfDlAl7C0Zwvp8PzIXDeHbsy2oiitZEvOzkBrvGb3/zImQDocTTZn2mm/UEcxauC6yDZgAHb1PG0/5NnpWwKNCS1sHacxBVNnKhJSY1tjzcWKyEvxQzHHhpRoJ24VY4tPPNMBnlZ+2UIVuzfDicKaxdF6ju7TOxVrSP/p40byg8mTpmqITRyfVHeaKASuk+BTNUoSS88ELJWflaQF8LnSf4juhCSq0++Dk6GURJHyef9weGHTRzb7Al7yvZYwt6yQ/aJHbMRk8FW8CJ4HeyHO+Gr8E14sG4Ng43nMfunwqPf+BTAKA==</latexit><latexit sha1_base64="e+o9tauT4uT0fkhZ25xQZ7KZFaE=">AAACh3icbVFdb9MwFHXCgK18FXjk5YqKaSARkjLBhIS0wQuPA9FtUt1VjnPTWXOcEN+gVm7+Cj+KN/4NTlsJ2LiSraNz7rGvj9NKK0tx/CsIb2zdvHV7e6d35+69+w/6Dx+d2LKpJY5kqcv6LBUWtTI4IkUaz6oaRZFqPE0vP3b66XesrSrNV1pUOCnEzKhcSUGemvZ/8BRnyjih1cxg1vZ2gTcm8w4kNweuDPBC0EWaui/t edU6TjgnVyjTdr27kO/Nn8O798Apr4V0SeuGLfDlAl7C0Zwvp8PzIXDeHbsy2oiitZEvOzkBrvGb3/zImQDocTTZn2mm/UEcxauC6yDZgAHb1PG0/5NnpWwKNCS1sHacxBVNnKhJSY1tjzcWKyEvxQzHHhpRoJ24VY4tPPNMBnlZ+2UIVuzfDicKaxdF6ju7TOxVrSP/p40byg8mTpmqITRyfVHeaKASuk+BTNUoSS88ELJWflaQF8LnSf4juhCSq0++Dk6GURJHyef9weGHTRzb7Al7yvZYwt6yQ/aJHbMRk8FW8CJ4HeyHO+Gr8E14sG4Ng43nMfunwqPf+BTAKA==</latexit>

xt+1 = ⇧k·k1� (xt � ⌘rf(xt))
<latexit sha1_base64="6kjEYwdF+6Aoq4mlQXWuQrCodkw="></latexit><latexit sha1_base64="6kjEYwdF+6Aoq4mlQXWuQrCodkw="></latexit><latexit sha1_base64="6kjEYwdF+6Aoq4mlQXWuQrCodkw="></latexit><latexit sha1_base64="6kjEYwdF+6Aoq4mlQXWuQrCodkw="></latexit>

(Pros & Cons?)

LA
SS

O



Sparse linear regression
- Solution #1: convexification + proj. gradient descent

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk1  �
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xt+1 = ⇧k·k1� (xt � ⌘rf(xt))
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- Solution #2: convexification + proximal gradient descent

min
x2Rp

f(x) := 1
2ky �Axk22 + ⇢kxk1
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(Pros & Cons?)

xt+1 = Prox⇢k·k1
(xt � ⌘rf(xt))
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Sparse linear regression
- Solution #1: convexification + proj. gradient descent

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk1  �
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xt+1 = ⇧k·k1� (xt � ⌘rf(xt))
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(Pros & Cons?)
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- Solution #2: convexification + proximal gradient descent

min
x2Rp

f(x) := 1
2ky �Axk22 + ⇢kxk1
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(Pros & Cons?)

xt+1 = Prox⇢k·k1
(xt � ⌘rf(xt))
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- Solution #3: keep non-convexity + non-convex projected gradient descent

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>

(Pros & Cons?)

xt+1 = Hk (xt � ⌘rf(xt))
<latexit sha1_base64="7hci7DkzNovBDvbYYBADrW+5r44="></latexit><latexit sha1_base64="7hci7DkzNovBDvbYYBADrW+5r44="></latexit><latexit sha1_base64="7hci7DkzNovBDvbYYBADrW+5r44="></latexit><latexit sha1_base64="7hci7DkzNovBDvbYYBADrW+5r44="></latexit>
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But before we proceed..
- Some questions:

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>



But before we proceed..
- Some questions:

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>

- Q: ``How easy it is to solve     -pseudo norm problems?`` `0
<latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit><latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit><latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit><latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit>

- A: ``Sparsity makes problems exponentially hard to solve`` 
(This assumes the most general case)



But before we proceed..
- Some questions:

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>

- Q: ``How easy it is to solve     -pseudo norm problems?`` `0
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- A: ``Sparsity makes problems exponentially hard to solve`` 
(This assumes the most general case)

- Q: ``But isn’t the problem underdetermined?          `` 

- A: ``Yes, without any constraints, the problem has infinite solutions`` 

(n ⌧ p)
<latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit><latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit><latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit><latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit>



But before we proceed..
- Some questions:

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>

- Q: ``How easy it is to solve     -pseudo norm problems?`` `0
<latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit><latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit><latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit><latexit sha1_base64="oC6PGZ+ztzGrBIG+94Tg8N4p8XU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xo+b1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBM5iO3g==</latexit>

- A: ``Sparsity makes problems exponentially hard to solve`` 
(This assumes the most general case)

- Q: ``Why then do we have hopes solving this problem?`` 

- A: ``Under assumptions on    , and the relation between           , we  
          Will see that on average this problem can be solved in polynomial 
          time`` 

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>

- Q: ``But isn’t the problem underdetermined?          `` 

- A: ``Yes, without any constraints, the problem has infinite solutions`` 

(n ⌧ p)
<latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit><latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit><latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit><latexit sha1_base64="ITvRBwLJFLHvwzSdmcdyeb5mB8Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30WJWoxzlKzvvlil/z50CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpaF7XArwX3l5X6TR5HEU7gFKoQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w9heo93</latexit>
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Under-parameterized

Over- vs. under-parameterized



Iterative hard thresholding (IHT)
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(It is just projected gradient descent on sparsity constraints)

- IHT:
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where Hk(z) 2 argmin
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Iterative hard thresholding (IHT)
(It is just projected gradient descent on sparsity constraints)

- Now, imagine yourself implementing this.. What are the hyper-parameters?
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- ``How do we set the step size?``

- ``How do we select the initial point? (it is non-convex after all)``

- ``What if we don’t know the sparsity level?``

- ``Are there any other tricks we can use?``



But, still, wait a minute..

- We already mentioned that the problem is hard to solve
(But maybe not true for ALL instances of the feature matrix + responses)
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(But maybe not true for ALL instances of the feature matrix + responses)

- Imagine that A = I
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But, still, wait a minute..

- We already mentioned that the problem is hard to solve
(But maybe not true for ALL instances of the feature matrix + responses)

- Imagine that A = I
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(But we know how to solve this exactly and efficiently!)
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- We already mentioned that the problem is hard to solve
(But maybe not true for ALL instances of the feature matrix + responses)

- Imagine that A = I
<latexit sha1_base64="A1qK9M4b8BAxtatCo5DrIYL66Ss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9aK3CvYD2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UuOaXJH7XrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NjJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMy/Zz0heYM5dgSyrSwtxI2pJoytPmUbAje4svLpHlW9dyq93Beqd3kcRThCI7hFDy4gBrcQR0awEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AVStjbM=</latexit><latexit sha1_base64="A1qK9M4b8BAxtatCo5DrIYL66Ss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9aK3CvYD2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UuOaXJH7XrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NjJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMy/Zz0heYM5dgSyrSwtxI2pJoytPmUbAje4svLpHlW9dyq93Beqd3kcRThCI7hFDy4gBrcQR0awEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AVStjbM=</latexit><latexit sha1_base64="A1qK9M4b8BAxtatCo5DrIYL66Ss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9aK3CvYD2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UuOaXJH7XrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NjJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMy/Zz0heYM5dgSyrSwtxI2pJoytPmUbAje4svLpHlW9dyq93Beqd3kcRThCI7hFDy4gBrcQR0awEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AVStjbM=</latexit><latexit sha1_base64="A1qK9M4b8BAxtatCo5DrIYL66Ss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9aK3CvYD2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UuOaXJH7XrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NjJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMy/Zz0heYM5dgSyrSwtxI2pJoytPmUbAje4svLpHlW9dyq93Beqd3kcRThCI7hFDy4gBrcQR0awEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AVStjbM=</latexit>

min
x2Rp

f(x) := 1
2ky �Axk22

s.t. kxk0  k
<latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit><latexit sha1_base64="SD27hrJ1La8dDeHMVmcal1fYM6Q="></latexit>

min
x2Rp

f(x) := 1
2ky � xk22

s.t. kxk0  k
<latexit sha1_base64="u69xWdCBvZg9FqRFPZxg9QmPk0A="></latexit><latexit sha1_base64="u69xWdCBvZg9FqRFPZxg9QmPk0A="></latexit><latexit sha1_base64="u69xWdCBvZg9FqRFPZxg9QmPk0A="></latexit><latexit sha1_base64="u69xWdCBvZg9FqRFPZxg9QmPk0A="></latexit>

(But we know how to solve this exactly and efficiently!)

- Property of    : isometry I
<latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit><latexit sha1_base64="nRAJNhMEYHCrj/BVl5Oh8TzR1B0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi95asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHnv2MzQ==</latexit>

(Interpretation?)

(1� �)kx1 � x2k22  kI(x1 � x2)k22  (1� �)kx1 � x2k22, for some � 2 [0, 1], 8x1, x2 2 Rp
<latexit sha1_base64="Y6U1L5xuG0lVw9SZ1giHRbe1L9o="></latexit><latexit sha1_base64="Y6U1L5xuG0lVw9SZ1giHRbe1L9o="></latexit><latexit sha1_base64="Y6U1L5xuG0lVw9SZ1giHRbe1L9o="></latexit><latexit sha1_base64="Y6U1L5xuG0lVw9SZ1giHRbe1L9o="></latexit>
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<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>
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<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Other properties in literature: Nullspace property,  
                                               restricted eigenvalue property

- How can we use this property in proving convergence of IHT?

Whiteboard
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<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Other properties in literature: Nullspace property,  
                                               restricted eigenvalue property

- How can we use this property in proving convergence of IHT?

Whiteboard

- We get linear convergence to the global optimum!



How does it perform in practice?

Demo



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- It turns out that matrices that satisfy: 

PA⇠Dn⇥p

⇥��kAxk22 � kxk22
�� > ✏ · kxk22

⇤
 2e�⌦(n)

<latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit>



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- It turns out that matrices that satisfy: 

PA⇠Dn⇥p

⇥��kAxk22 � kxk22
�� > ✏ · kxk22

⇤
 2e�⌦(n)

<latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit>

Probability of being outside the interval..
(1� ✏), (1 + ✏)

<latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit>



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- It turns out that matrices that satisfy: 

PA⇠Dn⇥p

⇥��kAxk22 � kxk22
�� > ✏ · kxk22

⇤
 2e�⌦(n)

<latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit>

Probability of being outside the interval..
(1� ✏), (1 + ✏)

<latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit>

..is small



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- It turns out that matrices that satisfy: 

PA⇠Dn⇥p

⇥��kAxk22 � kxk22
�� > ✏ · kxk22

⇤
 2e�⌦(n)

<latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit>

Probability of being outside the interval..
(1� ✏), (1 + ✏)

<latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit>

..is small

   also satisfy RIP with probability                   whenever 1� 2e�⌦(n)
<latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit>

n � ⌦
�

k
�2 log

p
k

�
<latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit>



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- It turns out that matrices that satisfy: 

PA⇠Dn⇥p

⇥��kAxk22 � kxk22
�� > ✏ · kxk22

⇤
 2e�⌦(n)

<latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit>

Probability of being outside the interval..
(1� ✏), (1 + ✏)

<latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit>

..is small

   also satisfy RIP with probability                   whenever 1� 2e�⌦(n)
<latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit>

n � ⌦
�

k
�2 log

p
k

�
<latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit>

- What type of                 satisfy this: Gaussian, Bernoulli, ..A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- It turns out that matrices that satisfy: 

PA⇠Dn⇥p

⇥��kAxk22 � kxk22
�� > ✏ · kxk22

⇤
 2e�⌦(n)

<latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit><latexit sha1_base64="X55FUAvwRxy9A5ZL3v2BMMjf9LE="></latexit>

Probability of being outside the interval..
(1� ✏), (1 + ✏)

<latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit><latexit sha1_base64="SIQSy54uQcl1qjctW/yXN8BuAAY=">AAACBnicdVDLSgMxFM3UV62vUZciBItQUYeZIuiy6MZlBfuAdiiZNNOGZpIhyQhl6MqNv+LGhSJu/QZ3/o1pO8UqeuDCyTn3cnNPEDOqtOt+WrmFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbAVKEUU5qmmpGmrEkKAoYaQSDq7HfuCNSUcFv9TAmfoR6nIYUI22kjr1f8k5hm8SKMsGPTmDJg8ff745d9Bx3Aug65RnJlJlVBBmqHfuj3RU4iQjXmCGlWp4baz9FUlPMyKjQThSJER6gHmkZylFElJ9OzhjBQ6N0YSikKa7hRJ2fSFGk1DAKTGeEdF/99sbiX14r0eGFn1IeJ5pwPF0UJgxqAceZwC6VBGs2NARhSc1fIe4jibA2yRXmQ/if1MuO5zrezVmxcpnFkQd74ACUgAfOQQVcgyqoAQzuwSN4Bi/Wg/VkvVpv09aclc3sgh+w3r8AX1uWhA==</latexit>

..is small

   also satisfy RIP with probability                   whenever 1� 2e�⌦(n)
<latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit><latexit sha1_base64="U+tSgKv4MZYmKnHU5AqT+t+kOuk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCPbQkRdBj0Ys3K9gPaGPZbCft0s0m7G6EEupf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+uZ334EqVgk7vUkBi8kQ8ECRok2Ut8uuriCa/CQVnq3IQxJWZxN+3bJqTpz4FXiZqSEMjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNBLFMSEjskQuoYKEoLy0vnxU3xqlAEOImlKaDxXf0+kJFRqEvqmMyR6pJa9mfif1010cOmlTMSJBkEXi4KEYx3hWRJ4wCRQzSeGECqZuRXTEZGEapNXwYTgLr+8Slq1qutU3bvzUv0qiyOPjtEJKiMXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH4vWnJXNFNEfWJ8/IQuTJQ==</latexit>

n � ⌦
�

k
�2 log

p
k

�
<latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit><latexit sha1_base64="74pPCzuhUSUbAoy9pLq59Qm+Fr0="></latexit>

- What type of                 satisfy this: Gaussian, Bernoulli, ..A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(In our case, we generate it as Gaussian so with high probability we are fine)



What did go wrong here?

- Q: ``Are we certain that                 satisfies RIP?``A 2 Rn⇥p
<latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit><latexit sha1_base64="j+CXd4tGHat320CNKJxFQCGKRcQ=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXVbduKxiH9DEMplO2qGTSZi5EUrIyo2/4saFIm79Bnf+jZO2C209MHDmnHu5954gEVyD43xbC4tLyyurpbXy+sbm1ra9s9vUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQyvCr/1wJTmsbyDUcL8iPQlDzklYKSufXCBPS6xFxEYBEF2m99n5gc8YhonedeuOFVnDDxP3CmpoCnqXfvL68U0jZgEKojWHddJwM+IAk4Fy8teqllC6JD0WcdQScwcPxufkeMjo/RwGCvzJOCx+rsjI5HWoygwlcW6etYrxP+8TgrhuZ9xmaTAJJ0MClOBIcZFJrjHFaMgRoYQqrjZFdMBUYSCSa5sQnBnT54nzZOq61Tdm9NK7XIaRwnto0N0jFx0hmroGtVRA1H0iJ7RK3qznqwX6936mJQuWNOePfQH1ucPiG6Yhw==</latexit>

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

Note: Checking whether a fixed matrix actually satisfies RIP is NP-hard..



What did go wrong here?

- Q: ``Maybe the problem is not easily solvable?``



What did go wrong here?

- Q: ``Maybe the problem is not easily solvable?``

- The notion of phase transition:

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>



What did go wrong here?

- Q: ``Maybe the problem is not easily solvable?``

- The notion of phase transition:

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>



What did go wrong here?

- Q: ``Maybe the problem is not easily solvable?``

- The notion of phase transition:

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>



What did go wrong here?

- Q: ``Maybe the problem is not easily solvable?``

- The notion of phase transition:

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>

Maybe the sparsity level is too much?



What did go wrong here?

- Q: ``Maybe the problem is not easily solvable?``

- The notion of phase transition:

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>
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Maybe the sparsity level is too much?



What did go wrong here?

- Q: ``How can we then improve its performance?``

- Via hyper-parameter tuning! Can we tune the step size via theory?

Whiteboard



What did go wrong here?

- Q: ``How can we then improve its performance?``

- Thus, we propose: 

- Via hyper-parameter tuning! Can we tune the step size via theory?

⌘ =
1

1 + �
<latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit>

(In literature section, there is work that validates theoretically this selection)



What did go wrong here?

- Q: ``How can we then improve its performance?``

- Thus, we propose: 

- Via hyper-parameter tuning! Can we tune the step size via theory?

⌘ =
1

1 + �
<latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit>

(In literature section, there is work that validates theoretically this selection)

- But, is this practical?



What did go wrong here?

- Q: ``How can we then improve its performance?``

- Thus, we propose: 

- Via hyper-parameter tuning! Can we tune the step size via theory?

⌘ =
1

1 + �
<latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit><latexit sha1_base64="TzLq2QMi5BIPdh9+ik6RIM10Rek=">AAACBHicbVDJSgNBEO2JW4xb1GMujUEQhDAjgl6EoBePEcwCmSH09NQkTXoWumuEMOTgxV/x4kERr36EN//GznLQxAcFj/eqqKrnp1JotO1vq7Cyura+UdwsbW3v7O6V9w9aOskUhyZPZKI6PtMgRQxNFCihkypgkS+h7Q9vJn77AZQWSXyPoxS8iPVjEQrO0Ei9csUFZPSKuqFiPHfGuUNPqRuARDbulat2zZ6CLhNnTqpkjkav/OUGCc8iiJFLpnXXsVP0cqZQcAnjkptpSBkfsj50DY1ZBNrLp0+M6bFRAhomylSMdKr+nshZpPUo8k1nxHCgF72J+J/XzTC89HIRpxlCzGeLwkxSTOgkERoIBRzlyBDGlTC3Uj5gJg40uZVMCM7iy8ukdVZz7Jpzd16tX8/jKJIKOSInxCEXpE5uSYM0CSeP5Jm8kjfryXqx3q2PWWvBms8ckj+wPn8AylGW5w==</latexit>

(In literature section, there is work that validates theoretically this selection)

- But, is this practical? Generally, no! 
(Value ofδ is NP-hard to find)
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- What about find a more practical step-size selection?

- Via hyper-parameter tuning! Can we tune the step size via theory?
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- Q: ``Great! Why don’t we use that all the time?``

- A: ``Because, moving beyond least squares, solving this might be 
         as difficult as the original problem`` 



Phase transition update

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>



Phase transition update

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>



Phase transition update

n

p
<latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit><latexit sha1_base64="W6wYEdN7OBDxrRoCvUz5Z1ramw4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwtpKJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9iBgmuGQd5ChYL9WMJJFgj9HkduY/PjFtuJIPOE1ZmJCR5DGnBK0U9GNNaC6LPC0G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5Fayo9TPDUkInZMQCSyVJmAnz+cmFe2aVoRsrbUuiO1d/T+QkMWaaRLYzITg2y95M/M8LMoyvw5zLNEMm6WJRnAkXlTv73x1yzSiKqSWEam5vdemY2BTQplSzIfjLL6+S7kXT95r+/WWjdVPGUYUTOIVz8OEKWnAHbegABQXP8ApvDjovzrvzsWitOOXMMfyB8/kD9N6Rrg==</latexit>

k

n
<latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit><latexit sha1_base64="fI1tKvT1Kh433PgBNEnCLxyyWBs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDbbTbt0swm7E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gNOUBzEdKREJRtFKfj/SlOWTIlfFoN5wm+4cZJV4JWlAifag/tUfJiyLuUImqTG+56YY5FSjYJIXtX5meErZhI64b6miMTdBPj+5IGdWGZIo0bYUkrn6eyKnsTHTOLSdMcWxWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIUmjOUU0so08LeStiY2hTQplSzIXjLL6+S7kXTc5ve/WWjdVPGUYUTOIVz8OAKWnAHbegAgwSe4RXeHHRenHfnY9FaccqZY/gD5/MH7TyRqQ==</latexit>

min
x2Rp

kxk1

s.t. y = Ax
<latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit><latexit sha1_base64="H89De2KpgjMaya+V1kBxyJs5Ihs="></latexit>

(n, p, k)
<latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit><latexit sha1_base64="hD2eLVuW6A3x+O8aPCKeNmmJUqE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7Iuix6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9vM7zxRpVkkH8w0pr7AI8lCRrCx0mNV1lBcQ5PzQbni1t050CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+cHz9CZVYYojJQtadBc/T2RYqH1VAS2U2Az1steJv7n9RITXvspk3FiqCSLRWHCkYlQ9j0aMkWJ4VNLMFHM3orIGCtMjM2oZEPwll9eJe2LuufWvfvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB7SOjwY=</latexit>

(Some of these methods can  
be found in the Review part)



But does this step size selection work in theory?

Whiteboard



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``

(Demo)



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``

- A: ``We pay for the ``energy`` we leave out`` 
(Demo)



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``

- A: ``We pay for the ``energy`` we leave out`` 
(Demo)

- Q: ``What happens if we overshoot sparsity level?``



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``

- A: ``We pay for the ``energy`` we leave out`` 
(Demo)

- Q: ``What happens if we overshoot sparsity level?``



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``

- A: ``We pay for the ``energy`` we leave out`` 
(Demo)

- Q: ``What happens if we overshoot sparsity level?``

- A: ``We actually get denser and denser solutions`` 



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

- There is no clear and provable tweak that suggests how to set k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

- A: ``Umm.. Think harder :)`` 

- Q: ``What if we set          ?``k = p
<latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit><latexit sha1_base64="bjt2nAvVuSRR8r9JVDofXgtlNLw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZK/pjckLRfrbl1dw6ySryC1KBAs1/96g0SlsUoDRNU667npibIqTKcCZxWepnGlLIxHWLXUklj1EE+P3ZKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj86nYELzll1dJ66LuuXXv4bLWuC3iKMMJnMI5eHAFDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwB0BmOBA==</latexit>

- Q: ``What happens if we undershoot sparsity level?``

- A: ``We pay for the ``energy`` we leave out`` 
(Demo)

- Q: ``What happens if we overshoot sparsity level?``

- A: ``We actually get denser and denser solutions`` 

- Q: ``Is there any non-provable tweaks?``

- A: ``Problem-dependent strategies`` 



``All these sound interesting.. but do they extend to other 
objectives? And how are they related with  

what we discussed so far?``

(Lipschitz gradient continuity, strong convexity, Hessians, etc..)



A different view of RIP

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder



A different view of RIP

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- Simplify for      -sparse 2k
<latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit>

(1� �)kxk22  kAxk22  kxk22, 8 2k � sparse x 2 Rp
<latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit>



A different view of RIP

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- Simplify for      -sparse 2k
<latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit>

(1� �)kxk22  kAxk22  kxk22, 8 2k � sparse x 2 Rp
<latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit>

- What is the Hessian of the objective? r2f(·) = A>A
<latexit sha1_base64="TOtbKd1+KqlSxmv8ZiDUVPFCpb0=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoMQm7AbBG2ERBvLCOYB2STMTmaTIbMzy8xdIYQ0Nv6KjYUitv6DnX/j5FFo4oELh3Pu5d57glhwA6777aRWVtfWN9Kbma3tnd297P5BzahEU1alSijdCIhhgktWBQ6CNWLNSBQIVg8GNxO//sC04UrewzBmrYj0JA85JWClTvbYlyQQpF3EYd6nXQVn+AqX2z6oGJc72ZxbcKfAy8Sbkxyao9LJfvldRZOISaCCGNP03BhaI6KBU8HGGT8xLCZ0QHqsaakkETOt0fSLMT61SheHStuSgKfq74kRiYwZRoHtjAj0zaI3Ef/zmgmEl60Rl3ECTNLZojARGBSeRIK7XDMKYmgJoZrbWzHtE00o2OAyNgRv8eVlUisWPLfg3Z3nStfzONLoCJ2gPPLQBSqhW1RBVUTRI3pGr+jNeXJenHfnY9aacuYzh+gPnM8fn06Wtg==</latexit><latexit sha1_base64="TOtbKd1+KqlSxmv8ZiDUVPFCpb0=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoMQm7AbBG2ERBvLCOYB2STMTmaTIbMzy8xdIYQ0Nv6KjYUitv6DnX/j5FFo4oELh3Pu5d57glhwA6777aRWVtfWN9Kbma3tnd297P5BzahEU1alSijdCIhhgktWBQ6CNWLNSBQIVg8GNxO//sC04UrewzBmrYj0JA85JWClTvbYlyQQpF3EYd6nXQVn+AqX2z6oGJc72ZxbcKfAy8Sbkxyao9LJfvldRZOISaCCGNP03BhaI6KBU8HGGT8xLCZ0QHqsaakkETOt0fSLMT61SheHStuSgKfq74kRiYwZRoHtjAj0zaI3Ef/zmgmEl60Rl3ECTNLZojARGBSeRIK7XDMKYmgJoZrbWzHtE00o2OAyNgRv8eVlUisWPLfg3Z3nStfzONLoCJ2gPPLQBSqhW1RBVUTRI3pGr+jNeXJenHfnY9aacuYzh+gPnM8fn06Wtg==</latexit><latexit sha1_base64="TOtbKd1+KqlSxmv8ZiDUVPFCpb0=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoMQm7AbBG2ERBvLCOYB2STMTmaTIbMzy8xdIYQ0Nv6KjYUitv6DnX/j5FFo4oELh3Pu5d57glhwA6777aRWVtfWN9Kbma3tnd297P5BzahEU1alSijdCIhhgktWBQ6CNWLNSBQIVg8GNxO//sC04UrewzBmrYj0JA85JWClTvbYlyQQpF3EYd6nXQVn+AqX2z6oGJc72ZxbcKfAy8Sbkxyao9LJfvldRZOISaCCGNP03BhaI6KBU8HGGT8xLCZ0QHqsaakkETOt0fSLMT61SheHStuSgKfq74kRiYwZRoHtjAj0zaI3Ef/zmgmEl60Rl3ECTNLZojARGBSeRIK7XDMKYmgJoZrbWzHtE00o2OAyNgRv8eVlUisWPLfg3Z3nStfzONLoCJ2gPPLQBSqhW1RBVUTRI3pGr+jNeXJenHfnY9aacuYzh+gPnM8fn06Wtg==</latexit><latexit sha1_base64="TOtbKd1+KqlSxmv8ZiDUVPFCpb0=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoMQm7AbBG2ERBvLCOYB2STMTmaTIbMzy8xdIYQ0Nv6KjYUitv6DnX/j5FFo4oELh3Pu5d57glhwA6777aRWVtfWN9Kbma3tnd297P5BzahEU1alSijdCIhhgktWBQ6CNWLNSBQIVg8GNxO//sC04UrewzBmrYj0JA85JWClTvbYlyQQpF3EYd6nXQVn+AqX2z6oGJc72ZxbcKfAy8Sbkxyao9LJfvldRZOISaCCGNP03BhaI6KBU8HGGT8xLCZ0QHqsaakkETOt0fSLMT61SheHStuSgKfq74kRiYwZRoHtjAj0zaI3Ef/zmgmEl60Rl3ECTNLZojARGBSeRIK7XDMKYmgJoZrbWzHtE00o2OAyNgRv8eVlUisWPLfg3Z3nStfzONLoCJ2gPPLQBSqhW1RBVUTRI3pGr+jNeXJenHfnY9aacuYzh+gPnM8fn06Wtg==</latexit>



A different view of RIP

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp

<latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit><latexit sha1_base64="2Mz0eHiCqxRY9YJGK5MkNZaEyeM="></latexit>

- Reminder

- Simplify for      -sparse 2k
<latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit><latexit sha1_base64="h5ZHQoVghmYmEPVIewfg8wG1DTw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGK/YA2lM120y7ZbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4LoduZ3nrg2IlGPOEm5H9OREqFgFK30UI8Glapbc+cgq8QrSBUKNAeVr/4wYVnMFTJJjel5bop+TjUKJvm03M8MTymL6Ij3LFU05sbP55dOyblVhiRMtC2FZK7+nshpbMwkDmxnTHFslr2Z+J/XyzC89nOh0gy5YotFYSYJJmT2NhkKzRnKiSWUaWFvJWxMNWVowynbELzll1dJu17z3Jp3f1lt3BRxlOAUzuACPLiCBtxBE1rAIIRneIU3J3JenHfnY9G65hQzJ/AHzucPQ3KNKw==</latexit>

(1� �)kxk22  kAxk22  kxk22, 8 2k � sparse x 2 Rp
<latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit><latexit sha1_base64="+5cXQzWGKLeobIudHTjpQH1yorQ="></latexit>

- What is the Hessian of the objective? r2f(·) = A>A
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- Rewriting RIP:

(1� �)kxk22  x>A>Ax  (1 + �)kxk22 ) (1� �)I � A>A � (1 + �)I
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A different view of RIP

(1� �)kx1 � x2k22  kA(x1 � x2)k22  (1 + �)kx1 � x2k22,
for some � 2 (0, 1), 8 k-sparse x1, x2 2 Rp
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- Reminder

- Simplify for      -sparse 2k
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(1� �)kxk22  kAxk22  kxk22, 8 2k � sparse x 2 Rp
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- Rewriting RIP:

(1� �)kxk22  x>A>Ax  (1 + �)kxk22 ) (1� �)I � A>A � (1 + �)I
<latexit sha1_base64="nBLv9rBo08IR5GVCWaClKHkCdfA="></latexit><latexit sha1_base64="nBLv9rBo08IR5GVCWaClKHkCdfA="></latexit><latexit sha1_base64="nBLv9rBo08IR5GVCWaClKHkCdfA="></latexit><latexit sha1_base64="nBLv9rBo08IR5GVCWaClKHkCdfA="></latexit>

- When objective has Lipschitz continuous gradients and is strongly convex:

µI � r2f(x) � LI
<latexit sha1_base64="bssNw64JSLx5ovh+R5AP5FOcCrg=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsmzJTBF0W3VhwUcE+oDOWTJppQ5PMmGTEUvoJbvwVNy4UcevSnX9j2g6irQcCh3Pu4eaeIGZUacf5sjILi0vLK9nV3Nr6xuaWvb1TV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPon4/9xh2RikbiWg9i4nPUFTSkGGkjte1DjyewAj0TwuQWegIFDN2UYFi4P/pRL2GlbeedojMBnCduSvIgRbVtf3qdCCecCI0ZUqrlOrH2h0hqihkZ5bxEkRjhPuqSlqECcaL84eSgETwwSgeGkTRPaDhRfyeGiCs14IGZ5Ej31Kw3Fv/zWokOT/0hFXGiicDTRWHCoI7guB3YoeZizQaGICyp+SvEPSQR1qbDnCnBnT15ntRLRdcpulfH+fJZWkcW7IF9UAAuOAFlcAGqoAYweABP4AW8Wo/Ws/VmvU9HM1aa2QV/YH18A42Kmv4=</latexit><latexit sha1_base64="bssNw64JSLx5ovh+R5AP5FOcCrg=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsmzJTBF0W3VhwUcE+oDOWTJppQ5PMmGTEUvoJbvwVNy4UcevSnX9j2g6irQcCh3Pu4eaeIGZUacf5sjILi0vLK9nV3Nr6xuaWvb1TV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPon4/9xh2RikbiWg9i4nPUFTSkGGkjte1DjyewAj0TwuQWegIFDN2UYFi4P/pRL2GlbeedojMBnCduSvIgRbVtf3qdCCecCI0ZUqrlOrH2h0hqihkZ5bxEkRjhPuqSlqECcaL84eSgETwwSgeGkTRPaDhRfyeGiCs14IGZ5Ej31Kw3Fv/zWokOT/0hFXGiicDTRWHCoI7guB3YoeZizQaGICyp+SvEPSQR1qbDnCnBnT15ntRLRdcpulfH+fJZWkcW7IF9UAAuOAFlcAGqoAYweABP4AW8Wo/Ws/VmvU9HM1aa2QV/YH18A42Kmv4=</latexit><latexit sha1_base64="bssNw64JSLx5ovh+R5AP5FOcCrg=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsmzJTBF0W3VhwUcE+oDOWTJppQ5PMmGTEUvoJbvwVNy4UcevSnX9j2g6irQcCh3Pu4eaeIGZUacf5sjILi0vLK9nV3Nr6xuaWvb1TV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPon4/9xh2RikbiWg9i4nPUFTSkGGkjte1DjyewAj0TwuQWegIFDN2UYFi4P/pRL2GlbeedojMBnCduSvIgRbVtf3qdCCecCI0ZUqrlOrH2h0hqihkZ5bxEkRjhPuqSlqECcaL84eSgETwwSgeGkTRPaDhRfyeGiCs14IGZ5Ej31Kw3Fv/zWokOT/0hFXGiicDTRWHCoI7guB3YoeZizQaGICyp+SvEPSQR1qbDnCnBnT15ntRLRdcpulfH+fJZWkcW7IF9UAAuOAFlcAGqoAYweABP4AW8Wo/Ws/VmvU9HM1aa2QV/YH18A42Kmv4=</latexit><latexit sha1_base64="bssNw64JSLx5ovh+R5AP5FOcCrg=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsmzJTBF0W3VhwUcE+oDOWTJppQ5PMmGTEUvoJbvwVNy4UcevSnX9j2g6irQcCh3Pu4eaeIGZUacf5sjILi0vLK9nV3Nr6xuaWvb1TV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCPon4/9xh2RikbiWg9i4nPUFTSkGGkjte1DjyewAj0TwuQWegIFDN2UYFi4P/pRL2GlbeedojMBnCduSvIgRbVtf3qdCCecCI0ZUqrlOrH2h0hqihkZ5bxEkRjhPuqSlqECcaL84eSgETwwSgeGkTRPaDhRfyeGiCs14IGZ5Ej31Kw3Fv/zWokOT/0hFXGiicDTRWHCoI7guB3YoeZizQaGICyp+SvEPSQR1qbDnCnBnT15ntRLRdcpulfH+fJZWkcW7IF9UAAuOAFlcAGqoAYweABP4AW8Wo/Ws/VmvU9HM1aa2QV/YH18A42Kmv4=</latexit>



Restricted smoothness and strong convexity

- ``Restricted``: the properties hold over a subset of Rp
<latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="U+sJHvyvFGFVjFaUZI8iAtEZqiM=">AAAB6HicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cqthW6a8mmb9vQbDYkWaEs/RtePCjiL/LmvzHb9qCtA4Fh5j3eZGIluLG+/+1VNja3tnequ7W9+v7BYeOo3jVZrhl2WCYy/RhTg4JL7FhuBT4qjTSNBfbiyU3p955RG57JBztVGKV0JHnCGbVOCsOU2nEcF/ezJzVoNP2WPwdZJ8GSNGGJ9qDxFQ4zlqcoLRPUmH7gKxsVVFvOBM5qYW5QUTahI+w7KmmKJirmmWfkzClDkmTaPWnJXP29UdDUmGkau8kyo1n1SvE/r5/b5CoquFS5RckWh5JcEJuRsgAy5BqZFVNHKNPcZSVsTDVl1tVUcyUEq19eJ92LVuC3gjsfqnACp3AOAVzCNdxCGzrAQMELvMG7l3uv3seiroq37O0Y/sD7/AEANZB2</latexit><latexit sha1_base64="U+sJHvyvFGFVjFaUZI8iAtEZqiM=">AAAB6HicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cqthW6a8mmb9vQbDYkWaEs/RtePCjiL/LmvzHb9qCtA4Fh5j3eZGIluLG+/+1VNja3tnequ7W9+v7BYeOo3jVZrhl2WCYy/RhTg4JL7FhuBT4qjTSNBfbiyU3p955RG57JBztVGKV0JHnCGbVOCsOU2nEcF/ezJzVoNP2WPwdZJ8GSNGGJ9qDxFQ4zlqcoLRPUmH7gKxsVVFvOBM5qYW5QUTahI+w7KmmKJirmmWfkzClDkmTaPWnJXP29UdDUmGkau8kyo1n1SvE/r5/b5CoquFS5RckWh5JcEJuRsgAy5BqZFVNHKNPcZSVsTDVl1tVUcyUEq19eJ92LVuC3gjsfqnACp3AOAVzCNdxCGzrAQMELvMG7l3uv3seiroq37O0Y/sD7/AEANZB2</latexit><latexit sha1_base64="/bXtWzoW3pciSIVfaK7iLY4wdB0=">AAAB83icbVC7TsMwFL0pr1JeAUYWiwqJqUpYYKxgYSyIPqQmVI7rtFYdx7IdpCrqb7AwgBArP8PG3+C0GaDlSJaOzrlX9/hEkjNtPO/bqaytb2xuVbdrO7t7+wfu4VFHp5kitE1SnqpehDXlTNC2YYbTnlQUJxGn3WhyU/jdJ6o0S8WDmUoaJngkWMwINlYKggSbcRTl97NHOXDrXsObA60SvyR1KNEauF/BMCVZQoUhHGvd9z1pwhwrwwins1qQaSoxmeAR7VsqcEJ1mM8zz9CZVYYoTpV9wqC5+nsjx4nW0ySyk0VGvewV4n9ePzPxVZgzITNDBVkcijOOTIqKAtCQKUoMn1qCiWI2KyJjrDAxtqaaLcFf/vIq6Vw0fK/h33n15nVZRxVO4BTOwYdLaMIttKANBCQ8wyu8OZnz4rw7H4vRilPuHMMfOJ8/RumR0A==</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit>

Let’s say x 2 C ✓ Rp
<latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit>



Restricted smoothness and strong convexity

- ``Restricted``: the properties hold over a subset of Rp
<latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="U+sJHvyvFGFVjFaUZI8iAtEZqiM=">AAAB6HicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cqthW6a8mmb9vQbDYkWaEs/RtePCjiL/LmvzHb9qCtA4Fh5j3eZGIluLG+/+1VNja3tnequ7W9+v7BYeOo3jVZrhl2WCYy/RhTg4JL7FhuBT4qjTSNBfbiyU3p955RG57JBztVGKV0JHnCGbVOCsOU2nEcF/ezJzVoNP2WPwdZJ8GSNGGJ9qDxFQ4zlqcoLRPUmH7gKxsVVFvOBM5qYW5QUTahI+w7KmmKJirmmWfkzClDkmTaPWnJXP29UdDUmGkau8kyo1n1SvE/r5/b5CoquFS5RckWh5JcEJuRsgAy5BqZFVNHKNPcZSVsTDVl1tVUcyUEq19eJ92LVuC3gjsfqnACp3AOAVzCNdxCGzrAQMELvMG7l3uv3seiroq37O0Y/sD7/AEANZB2</latexit><latexit sha1_base64="U+sJHvyvFGFVjFaUZI8iAtEZqiM=">AAAB6HicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cqthW6a8mmb9vQbDYkWaEs/RtePCjiL/LmvzHb9qCtA4Fh5j3eZGIluLG+/+1VNja3tnequ7W9+v7BYeOo3jVZrhl2WCYy/RhTg4JL7FhuBT4qjTSNBfbiyU3p955RG57JBztVGKV0JHnCGbVOCsOU2nEcF/ezJzVoNP2WPwdZJ8GSNGGJ9qDxFQ4zlqcoLRPUmH7gKxsVVFvOBM5qYW5QUTahI+w7KmmKJirmmWfkzClDkmTaPWnJXP29UdDUmGkau8kyo1n1SvE/r5/b5CoquFS5RckWh5JcEJuRsgAy5BqZFVNHKNPcZSVsTDVl1tVUcyUEq19eJ92LVuC3gjsfqnACp3AOAVzCNdxCGzrAQMELvMG7l3uv3seiroq37O0Y/sD7/AEANZB2</latexit><latexit sha1_base64="/bXtWzoW3pciSIVfaK7iLY4wdB0=">AAAB83icbVC7TsMwFL0pr1JeAUYWiwqJqUpYYKxgYSyIPqQmVI7rtFYdx7IdpCrqb7AwgBArP8PG3+C0GaDlSJaOzrlX9/hEkjNtPO/bqaytb2xuVbdrO7t7+wfu4VFHp5kitE1SnqpehDXlTNC2YYbTnlQUJxGn3WhyU/jdJ6o0S8WDmUoaJngkWMwINlYKggSbcRTl97NHOXDrXsObA60SvyR1KNEauF/BMCVZQoUhHGvd9z1pwhwrwwins1qQaSoxmeAR7VsqcEJ1mM8zz9CZVYYoTpV9wqC5+nsjx4nW0ySyk0VGvewV4n9ePzPxVZgzITNDBVkcijOOTIqKAtCQKUoMn1qCiWI2KyJjrDAxtqaaLcFf/vIq6Vw0fK/h33n15nVZRxVO4BTOwYdLaMIttKANBCQ8wyu8OZnz4rw7H4vRilPuHMMfOJ8/RumR0A==</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit>

Let’s say x 2 C ✓ Rp
<latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit>

- Restricted smoothness (Lipschitz gradient continuity)

f(y)  f(x) + hrf(x), y � xi+ L

2
kx� yk22, 8x, y 2 C

<latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit><latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit><latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit><latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit>

(Note that this     is different from 
that of general smoothness)

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>



Restricted smoothness and strong convexity

- ``Restricted``: the properties hold over a subset of Rp
<latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="U+sJHvyvFGFVjFaUZI8iAtEZqiM=">AAAB6HicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cqthW6a8mmb9vQbDYkWaEs/RtePCjiL/LmvzHb9qCtA4Fh5j3eZGIluLG+/+1VNja3tnequ7W9+v7BYeOo3jVZrhl2WCYy/RhTg4JL7FhuBT4qjTSNBfbiyU3p955RG57JBztVGKV0JHnCGbVOCsOU2nEcF/ezJzVoNP2WPwdZJ8GSNGGJ9qDxFQ4zlqcoLRPUmH7gKxsVVFvOBM5qYW5QUTahI+w7KmmKJirmmWfkzClDkmTaPWnJXP29UdDUmGkau8kyo1n1SvE/r5/b5CoquFS5RckWh5JcEJuRsgAy5BqZFVNHKNPcZSVsTDVl1tVUcyUEq19eJ92LVuC3gjsfqnACp3AOAVzCNdxCGzrAQMELvMG7l3uv3seiroq37O0Y/sD7/AEANZB2</latexit><latexit sha1_base64="U+sJHvyvFGFVjFaUZI8iAtEZqiM=">AAAB6HicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cqthW6a8mmb9vQbDYkWaEs/RtePCjiL/LmvzHb9qCtA4Fh5j3eZGIluLG+/+1VNja3tnequ7W9+v7BYeOo3jVZrhl2WCYy/RhTg4JL7FhuBT4qjTSNBfbiyU3p955RG57JBztVGKV0JHnCGbVOCsOU2nEcF/ezJzVoNP2WPwdZJ8GSNGGJ9qDxFQ4zlqcoLRPUmH7gKxsVVFvOBM5qYW5QUTahI+w7KmmKJirmmWfkzClDkmTaPWnJXP29UdDUmGkau8kyo1n1SvE/r5/b5CoquFS5RckWh5JcEJuRsgAy5BqZFVNHKNPcZSVsTDVl1tVUcyUEq19eJ92LVuC3gjsfqnACp3AOAVzCNdxCGzrAQMELvMG7l3uv3seiroq37O0Y/sD7/AEANZB2</latexit><latexit sha1_base64="/bXtWzoW3pciSIVfaK7iLY4wdB0=">AAAB83icbVC7TsMwFL0pr1JeAUYWiwqJqUpYYKxgYSyIPqQmVI7rtFYdx7IdpCrqb7AwgBArP8PG3+C0GaDlSJaOzrlX9/hEkjNtPO/bqaytb2xuVbdrO7t7+wfu4VFHp5kitE1SnqpehDXlTNC2YYbTnlQUJxGn3WhyU/jdJ6o0S8WDmUoaJngkWMwINlYKggSbcRTl97NHOXDrXsObA60SvyR1KNEauF/BMCVZQoUhHGvd9z1pwhwrwwins1qQaSoxmeAR7VsqcEJ1mM8zz9CZVYYoTpV9wqC5+nsjx4nW0ySyk0VGvewV4n9ePzPxVZgzITNDBVkcijOOTIqKAtCQKUoMn1qCiWI2KyJjrDAxtqaaLcFf/vIq6Vw0fK/h33n15nVZRxVO4BTOwYdLaMIttKANBCQ8wyu8OZnz4rw7H4vRilPuHMMfOJ8/RumR0A==</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit><latexit sha1_base64="fjtyMSd1C0+G4Mumes7OQTZwz5E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97lINqza27c6BV4hWkBgVag+qXP0xIGlNhCMda9z1XmiDDyjDC6azip5pKTCZ4RPuWChxTHWTzzDN0ZpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdBVkTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8SjoXdc+te3eXteZ1UUcZTuAUzsGDBjThFlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH0gpkdQ=</latexit>

Let’s say x 2 C ✓ Rp
<latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit><latexit sha1_base64="t7/tnA4pLt3E1URjSLd0qB+yin8=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahp5KIoMdiLx6r2A9oatlsJ+3SzSbubsQS+he8+Fe8eFDEqzdv/hs3bQ5afTDweG+GmXl+zJnSjvNlFZaWV1bXiuuljc2t7R17d6+lokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/XE989t3IBWLxLWexNALyVCwgFGijdS3K/fYYwJ7IdEjSnhan2JPJb4CDbdz1ffTq+lN3LfLTtWZAf8lbk7KKEejb396g4gmIQhNOVGq6zqx7qVEakY5TEteoiAmdEyG0DVUkBBUL519NMVHRhngIJKmhMYz9edESkKlJqFvOrMb1aKXif953UQHZ72UiTjRIOh8UZBwrCOcxYMHTALVfGIIoZKZWzEdEUmoNiGWTAju4st/Seu46jpV9/KkXDvP4yiiA3SIKshFp6iGLlADNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/fmOOdgQ==</latexit>

- Restricted smoothness (Lipschitz gradient continuity)

f(y)  f(x) + hrf(x), y � xi+ L

2
kx� yk22, 8x, y 2 C

<latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit><latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit><latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit><latexit sha1_base64="FwYO3haopcgLcaf3zVCNECP5uhs="></latexit>

(Note that this     is different from 
that of general smoothness)

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

- Restricted strong convexity

(Note that this     is different from 
that of general strong convexity)
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f(y) � f(x) + hrf(x), y � xi+ µ

2
kx� yk22, 8x, y 2 C
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Satisfies restricted strong convexity with constant: 
µ = (�k + �), where �k = �min
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�
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(where sparsity gets in 
the picture)
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(For more information, see  
``Gradient hard thresholding pursuit``)
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Examples 
- Graphical model selection (under Gaussian assumptions) 

 Given a data set D, drawn from a joint pdf with unknown covariance
⌃, the aim is to learn a sparse matrix ⇥ that approximates ⌃�1.

Input: sample covariance b⌃ calculated usually from limited samples

Optimization	problem	1 Convex
Self-concordant function

min
⇥2Rp⇥p

� log det(⇥) + Tr
⇣
b⌃⇥

⌘
+ ⇢k⇥k1
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⌃, the aim is to learn a sparse matrix ⇥ that approximates ⌃�1.
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Optimization	problem	2

min
⇥2Rp⇥p

� log det(⇥) + Tr
⇣
b⌃⇥

⌘

s.t. k⇥k0  k
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Non-convex



Beyond plain sparsity
- Our discussion so far holds for discrete structures beyond sparsity:

Block-sparsity, overlapping block-sparsity, dispersive models, tree sparsity, 
graph-sparsity, etc..



Beyond plain sparsity
- Our discussion so far holds for discrete structures beyond sparsity:

Block-sparsity, overlapping block-sparsity, dispersive models, tree sparsity, 
graph-sparsity, etc..

- As long as the projection onto the combinatorial constraint can be 
   computed efficiently:

min
x2Rp

kx� yk22

s.t. x 2 C
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- Various extensions include inexact projections, greedy approaches, and   
   there are connections with (sub/super)modular optimization



Interlude: Statistics in Data Science

- We will use the example of RIP

- Disclaimer: this is not a complete introduction to concentration inequalities

(How many would be interested in learning about concentration inequalities (as 
a course)? )



Conclusion

- This lecture considers sparse model selection in Data Science applications

- While there are rigorous and efficient methods also in the convex domain 
   we followed the non-convex path of hard thresholding methods

- We discussed some global convergence guarantees, and highlighted the 
   importance of hyper-parameter tuning

Next lecture

- We will consider the case of low-rank recovery, natural extension of  
   sparsity - there, we have different ways to exploit non-convexity


