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COMP 414/514:

Optimization - Algorithms, Complexity


and Approximations



Overview

- In the previous lecture, we:

- Started talking about non-convex optimization, where non-convexity

   is introduced by the constraints

- We consider the special case of sparsity

- We provide conditions that lead to global convergence guarantees
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- In the previous lecture, we:

- Started talking about non-convex optimization, where non-convexity

   is introduced by the constraints

- We consider the special case of sparsity

- We provide conditions that lead to global convergence guarantees

- For the next 2-3 lectures, we will consider (possibly) another case of non-

   convex constraints: low-rank optimization

- We will provide motivation, background and alternative solutions

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

    such problems

- We will see that this structure provides various ways to be.. non-convex
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min
x
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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
(But I open to other alternatives as we proceed)



Problem setting via an application



Problem setting via an application

- Goal: Validate the system is in the expected.. state, 

               the computations are completed ..as expected



Quantum state tomography

- Generative model:

-  features - : responsesyi 2 R
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(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
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<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>



Quantum state tomography

- Generative model:

-  features - : responsesyi 2 R
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(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers



Quantum state tomography

- Generative model:

-  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

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

- Generative prior: is rank-    and PSD:                                    ,   X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>



Quantum state tomography

- Generative model:

-  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

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

- Generative prior: is rank-    and PSD:                                    ,   X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
1. Quantum computers can be described by their state they are in



Quantum state tomography

- Generative model:

-  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

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

- Generative prior: is rank-    and PSD:                                    ,   X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
1. Quantum computers can be described by their state they are in
2. The state of a quantum computer with q qubits is described by the density matrix in C2q⇥2q

<latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit>



Quantum state tomography

- Generative model:

-  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

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

- Generative prior: is rank-    and PSD:                                    ,   X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
1. Quantum computers can be described by their state they are in
2. The state of a quantum computer with q qubits is described by the density matrix in C2q⇥2q

<latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit>

3. An algorithm is a sequence of operations that transform the state of the quantum computer; 

    the final state is the answer to our question



Quantum state tomography

- Generative model:

-  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

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

- Generative prior: is rank-    and PSD:                                    ,   X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
1. Quantum computers can be described by their state they are in
2. The state of a quantum computer with q qubits is described by the density matrix in C2q⇥2q

<latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit>

3. An algorithm is a sequence of operations that transform the state of the quantum computer; 

    the final state is the answer to our question
4. A quantum computer is a non-deterministic machine: we don’t know the final state, unless

    we measure it (this is where Schroedinger’s cat come into the picture :) )



Quantum state tomography

- Generative model:

-  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

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

- Generative prior: is rank-    and PSD:                                    ,   X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
1. Quantum computers can be described by their state they are in
2. The state of a quantum computer with q qubits is described by the density matrix in C2q⇥2q

<latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit><latexit sha1_base64="lPUXrXoi8k6GtofrcX4dgbYsc0w=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQIuix247KCfUCTlsl00g6dPJy5EUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48XC67Asr6NtfWNza3t0k55d2//4NA8Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs602bud99YFLxKLyDWczcgIxD7nNKQEtDs+IEBCaelzazQVof3GMHeMAU1jQbmlWrZs2BV4ldkCoq0BqaX84ooknAQqCCKNW3rRjclEjgVLCs7CSKxYROyZj1NQ2J3uSm8ycyfKaVEfYjqSsEPFd/T6QkUGoWeLozP1kte7n4n9dPwL9yUx7GCbCQLhb5icAQ4TwRPOKSURAzTQiVXN+K6YRIQkHnVtYh2Msvr5JOvWZbNfv2otq4LuIooQo6RefIRpeogW5QC7URRY/oGb2iN+PJeDHejY9F65pRzJygPzA+fwBDpZfU</latexit>

3. An algorithm is a sequence of operations that transform the state of the quantum computer; 

    the final state is the answer to our question
4. A quantum computer is a non-deterministic machine: we don’t know the final state, unless

    we measure it (this is where Schroedinger’s cat come into the picture :) )

5. But if we perform the steps ``correctly``, w.h.p. we measure the anticipated state



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
6. Current implementations of quantum computers are more prototypes, rather not commercial



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
6. Current implementations of quantum computers are more prototypes, rather not commercial
7. We need verification tools to verify that quantum computers behave as anticipated



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
6. Current implementations of quantum computers are more prototypes, rather not commercial
7. We need verification tools to verify that quantum computers behave as anticipated
8. Quantum state tomography is one of such procedures: we can repeat the measurement

    many times, we keep the data, and we try to inverse the procedure to get the density matrix



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
6. Current implementations of quantum computers are more prototypes, rather not commercial
7. We need verification tools to verify that quantum computers behave as anticipated
8. Quantum state tomography is one of such procedures: we can repeat the measurement

    many times, we keep the data, and we try to inverse the procedure to get the density matrix
9. Classical quantum state tomography is like solving linear equations; if we have a

    object to recover, we need that many measurements

O (4q)
<latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit><latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit><latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit><latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:
6. Current implementations of quantum computers are more prototypes, rather not commercial
7. We need verification tools to verify that quantum computers behave as anticipated
8. Quantum state tomography is one of such procedures: we can repeat the measurement

    many times, we keep the data, and we try to inverse the procedure to get the density matrix

10.When q = 20 or even 50, do the math

9. Classical quantum state tomography is like solving linear equations; if we have a

    object to recover, we need that many measurements

O (4q)
<latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit><latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit><latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit><latexit sha1_base64="sNXiTlyO7OM2KxFqTeAvT3oxgmM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZRECnosevFmBfsBbSyb7aZdutnE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZ58eCa3Ccbyu3srq2vpHfLGxt7+zu2cX9po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/dDn1Ww9MaR7JWxjHzAvJQPKAUwJG6tnF665gAZSrd/ddxQdDOOnZJafizICXiZuREspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dnT7Bx0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDcS7mME2CSzhcFicAQ4WkOuM8VoyDGhhCquLkV0yFRhIJJq2BCcBdfXibN04rrVNybaql2kcWRR4foCJWRi85QDV2hOmogih7RM3pFb9aT9WK9Wx/z1pyVzRygP7A+fwB3y5N5</latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:

11. Why assume that the state is low-rank? These are called pure states - can be considered as

     a first step before going into more mixed states.



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- Some background:

11. Why assume that the state is low-rank? These are called pure states - can be considered as

     a first step before going into more mixed states.

12. Theoretically, we can assume rank-1 constructed density matrices; noise + other

    Phenomena increases the rank in practice



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- How do we measure?

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Ai = �i1 ⌦ �i2 ⌦ · · ·⌦ �iq
<latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit><latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit><latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit><latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit>

1. Select:                                                   , where

(Pauli operators)

Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- How do we measure?

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Ai = �i1 ⌦ �i2 ⌦ · · ·⌦ �iq
<latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit><latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit><latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit><latexit sha1_base64="HOJzmfLOh5baU1Z53YJ+YqQ6J+E=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6EaouhFXFewD2hAm00k7dPJw5kYoIf/kxh9xIYgLRdz6D07bLGrbCwOHc869d+7xYsEVWNa7UVhZXVvfKG6WtrZ3dvfM/YOmihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZqy3nphUPAofYBQzJyD9kPucEtCUa95duRxf4q7i/YC4KXftDHcj4AFTM2R1huxFoJZYHjPXLFsVa1J4Edg5KKO86q75qofRJGAhUEGU6thWDE5KJHAqWFbqJorFhA5Jn3U0DIne6KSTmzN8opke9iOpXwh4ws52pCRQahR42hkQGKh5bUwu0zoJ+BdOysM4ARbS6SI/ERgiPA4Q97hkFMRIA0Il13/FdEAkoaBjLukQ7PmTF0GzWrGtin1/Vq5d53EU0RE6RqfIRueohm5RHTUQRc/oDX2iL+PF+DC+jZ+ptWDkPYfoXxm/f/GJqyo=</latexit>

1. Select:                                                   , where

(Pauli operators)

Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- How do we measure?

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

2. Applying it to the system is equivalent (for the moment) with

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- How do we solve for               , without any prior information?X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit>

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- How do we solve for               , without any prior information?X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit>

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. X ⌫ 0, Tr(X)  1
<latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit><latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit><latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit><latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit>

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- How do we solve for               , without any prior information?X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit>

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. X ⌫ 0, Tr(X)  1
<latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit><latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit><latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit><latexit sha1_base64="aidURF9ipVZGm9oiVmB9HvIm2vA="></latexit>

-        has              parametersX
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

O(4q)
<latexit sha1_base64="RX73wN1tYEnhwmgATAY6Ix+nrwM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY9OLNCvYD2rVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Grqt56o0kyKOzOOqR/hgWAhI9hYqXlTrt4/nvaKJbfizoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+T5lnFcyvebbVUu8ziyMMRHEMZPDiHGlxDHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPaA6OWQ==</latexit><latexit sha1_base64="RX73wN1tYEnhwmgATAY6Ix+nrwM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY9OLNCvYD2rVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Grqt56o0kyKOzOOqR/hgWAhI9hYqXlTrt4/nvaKJbfizoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+T5lnFcyvebbVUu8ziyMMRHEMZPDiHGlxDHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPaA6OWQ==</latexit><latexit sha1_base64="RX73wN1tYEnhwmgATAY6Ix+nrwM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY9OLNCvYD2rVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Grqt56o0kyKOzOOqR/hgWAhI9hYqXlTrt4/nvaKJbfizoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+T5lnFcyvebbVUu8ziyMMRHEMZPDiHGlxDHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPaA6OWQ==</latexit><latexit sha1_base64="RX73wN1tYEnhwmgATAY6Ix+nrwM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY9OLNCvYD2rVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Grqt56o0kyKOzOOqR/hgWAhI9hYqXlTrt4/nvaKJbfizoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+T5lnFcyvebbVUu8ziyMMRHEMZPDiHGlxDHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPaA6OWQ==</latexit>

- This means that we need that 

    many measurements

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- What if we assume                , is of low rank?X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit>

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. X ⌫ 0,Tr(X)  1, rank(X)  r
<latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit>



Quantum state tomography

- Generative model:

-  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: is rank-    and PSD:                                    ,   

(Much easier than it sounds like..)

Ai 2 Rp⇥p :
<latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit><latexit sha1_base64="3JeZ+FgCXYd5Q7MyHy5xnulkK9Q=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKC4qrqxmUV+4Amhsl00g6dTIaZiVBCtm78FTcuFHHrH7jzb5y0WWjrgQuHc+7l3ntCwajSjvNtLSwuLa+sVtaq6xubW9v2zm5bJanEpIUTlshuiBRhlJOWppqRrpAExSEjnXB0VfidByIVTfidHgvix2jAaUQx0kYKbHgRUOhRDr0Y6WEYZrf5fSagp2lMFBT5eWDXnLozAZwnbklqoEQzsL+8foLTmHCNGVKq5zpC+xmSmmJG8qqXKiIQHqEB6RnKkVnkZ5NPcnholD6MEmmKazhRf09kKFZqHIems7hXzXqF+J/XS3V05meUi1QTjqeLopRBncAiFtinkmDNxoYgLKm5FeIhkghrE17VhODOvjxP2sd116m7Nye1xmUZRwXsgwNwBFxwChrgGjRBC2DwCJ7BK3iznqwX6936mLYuWOXMHvgD6/MHpKyZqQ==</latexit>

- Disclaimer: quantum state tomography operates on complex numbers

                     here, for simplicity, we assume real numbers

X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit> r

<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

rank(X?) = r ⌧ p
<latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit><latexit sha1_base64="MuFlpZIFr6VKej4W6WxWxwyH90I=">AAACB3icbVBNS8NAEN34WetX1KMgi0Wol5KIoBeh6MVjBfsBTSyb7aZdutmE3YlYQm9e/CtePCji1b/gzX/jts1BWx8MPN6bYWZekAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwGV2O/ec+U5rG8hWHC/Ij0JA85JWCkjn3gAXuATBE5GJVbd54Goo7xBVbYEwInHbvkVJwJ8Dxxc1JCOWod+8vrxjSNmAQqiNZt10nAz4gCTgUbFb1Us4TQAemxtqGSREz72eSPET4ySheHsTIlAU/U3xMZibQeRoHpjAj09aw3Fv/z2imE537GZZICk3S6KEwFhhiPQ8FdrhgFMTSEUMXNrZj2iSIUTHRFE4I7+/I8aZxUXKfi3pyWqpd5HAW0jw5RGbnoDFXRNaqhOqLoET2jV/RmPVkv1rv1MW1dsPKZPfQH1ucPvoCYjA==</latexit>

X? ⌫ 0
<latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit><latexit sha1_base64="SznNzjs9XIRG6nRSSJqFIXsPSk0=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7Argh6DXjxGMA/IxjA76U2GzD6cmVXCmk/x4kERr36JN//GSbIHTSxoKKq66e7yE8GVdpxvq7Cyura+UdwsbW3v7O7Z5f2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rAaXicXSrxwl2QzqIeMAZ1Ubq2eX2nac0lcRTKWN4T5yeXXGqzgxkmbg5qUCOes/+8voxS0OMNBNUqY7rJLqbUak5EzgpeanChLIRHWDH0IiGqLrZ7PQJOTZKnwSxNBVpMlN/T2Q0VGoc+qYzpHqoFr2p+J/XSXVw0c14lKQaIzZfFKSC6JhMcyB9LpFpMTaEMsnNrYQNqaRMm7RKJgR38eVl0jytuk7VvTmr1C7zOIpwCEdwAi6cQw2uoQ4NYPAIz/AKb9aT9WK9Wx/z1oKVzxzAH1ifP24fk3E=</latexit>

- What if we assume                , is of low rank?X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit>

-        has              parametersX
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

- If rank is small compared to 

    ambient dimension, then there is hope

O(2qr)
<latexit sha1_base64="G4U+wcAbTJ8bgEq+rxZ0cWZNwIo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3CHosevFmBfsB7VqyabYNzWa3SVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PmjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byRzczv/XElOaRfDCTmHkhGUgecEqMldp35erjGKvzXrHkVJw58CpxM1KCDPVe8avbj2gSMmmoIFp3XCc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO8VnVunjIFK2pMFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBFdeymWcGCbpYlGQCGwiPHse97li1IiJJYQqbm/FdEgUocZGVLAhuMsvr5JmteI6Fff+olS7zuLIwwmcQhlcuIQa3EIdGkBBwDO8whsaoxf0jj4WrTmUzRzDH6DPH4/Xjv0=</latexit><latexit sha1_base64="G4U+wcAbTJ8bgEq+rxZ0cWZNwIo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3CHosevFmBfsB7VqyabYNzWa3SVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PmjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byRzczv/XElOaRfDCTmHkhGUgecEqMldp35erjGKvzXrHkVJw58CpxM1KCDPVe8avbj2gSMmmoIFp3XCc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO8VnVunjIFK2pMFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBFdeymWcGCbpYlGQCGwiPHse97li1IiJJYQqbm/FdEgUocZGVLAhuMsvr5JmteI6Fff+olS7zuLIwwmcQhlcuIQa3EIdGkBBwDO8whsaoxf0jj4WrTmUzRzDH6DPH4/Xjv0=</latexit><latexit sha1_base64="G4U+wcAbTJ8bgEq+rxZ0cWZNwIo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3CHosevFmBfsB7VqyabYNzWa3SVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PmjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byRzczv/XElOaRfDCTmHkhGUgecEqMldp35erjGKvzXrHkVJw58CpxM1KCDPVe8avbj2gSMmmoIFp3XCc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO8VnVunjIFK2pMFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBFdeymWcGCbpYlGQCGwiPHse97li1IiJJYQqbm/FdEgUocZGVLAhuMsvr5JmteI6Fff+olS7zuLIwwmcQhlcuIQa3EIdGkBBwDO8whsaoxf0jj4WrTmUzRzDH6DPH4/Xjv0=</latexit><latexit sha1_base64="G4U+wcAbTJ8bgEq+rxZ0cWZNwIo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3CHosevFmBfsB7VqyabYNzWa3SVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PmjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byRzczv/XElOaRfDCTmHkhGUgecEqMldp35erjGKvzXrHkVJw58CpxM1KCDPVe8avbj2gSMmmoIFp3XCc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO8VnVunjIFK2pMFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBFdeymWcGCbpYlGQCGwiPHse97li1IiJJYQqbm/FdEgUocZGVLAhuMsvr5JmteI6Fff+olS7zuLIwwmcQhlcuIQa3EIdGkBBwDO8whsaoxf0jj4WrTmUzRzDH6DPH4/Xjv0=</latexit>

yi = hAi, X
?i+ wi = Tr(AiX

?) + wi
<latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit><latexit sha1_base64="oV0LILG9uMBQ0CCyPnH5mUZaDTY="></latexit>

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. X ⌫ 0,Tr(X)  1, rank(X)  r
<latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit>



Quantum state tomography (Much easier than it sounds like..)

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. X ⌫ 0,Tr(X)  1, rank(X)  r
<latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit>



Quantum state tomography (Much easier than it sounds like..)

- Can we recover                  from limited set of measurements? X? 2 Rp⇥p
<latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit><latexit sha1_base64="OLqZwlOLNmC2fM9B7587II/BOcs=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KKfUCTlsl00g6dTMLMjVBCPsCNv+LGhSJu/QB3/o2TNgttPXDhcM693HuPHwuuwba/rdLK6tr6RnmzsrW9s7tX3T9o6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEn17nfeWBK80jewzRmXkhGkgecEjDSoFrr9l0NRGGXS+yGBMa+n95l/TTGLvCQaRxnpsuu2zPgZeIUpIYKNAfVL3cY0SRkEqggWvccOwYvJQo4FSyruIlmMaETMmI9QyUxe7x09kyGT4wyxEGkTEnAM/X3REpCraehbzrzc/Wil4v/eb0Egksv5TJOgEk6XxQkAkOE82TwkCtGQUwNIVRxcyumY6IIBZNfxYTgLL68TNpndceuO7fntcZVEUcZHaFjdIocdIEa6AY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5A5Utm1A=</latexit>

RIP for Pauli operators

(1� �) kXk2F  kA(X)k22  (1 + �) kXk2F , 8 rank-r X 2 Rp⇥p
<latexit sha1_base64="Nif5iIfFY8vkjQ5OCNyetQvfqm8="></latexit><latexit sha1_base64="Nif5iIfFY8vkjQ5OCNyetQvfqm8="></latexit><latexit sha1_base64="Nif5iIfFY8vkjQ5OCNyetQvfqm8="></latexit><latexit sha1_base64="Nif5iIfFY8vkjQ5OCNyetQvfqm8="></latexit>

[A(X)]i = Tr(Ai, X)
<latexit sha1_base64="/uuSDtFTXzGC/OtBAtew1cs4uDM=">AAACGnicbVDJSgNBFOxxN25Rj14agxBBwowIehGiXjxGyAaZYejpvEkaexa634hhyHd48Ve8eFDEm3jxb+wsBzUWNBRV7/G6Kkil0GjbX9bc/MLi0vLKamFtfWNzq7i909RJpjg0eCIT1Q6YBiliaKBACe1UAYsCCa3g9mrkt+5AaZHEdRyk4EWsF4tQcIZG8ouOKyHEjhsx7HMm84thuX3oKtHro+cLek5dhHvM62pYvvDFEW0f+sWSXbHHoLPEmZISmaLmFz/cbsKzCGLkkmndcewUvZwpFFzCsOBmGlLGb1kPOobGLALt5eNoQ3pglC4NE2VejHSs/tzIWaT1IArM5CiC/uuNxP+8TobhmZeLOM0QYj45FGaSYkJHPdGuUMBRDgxhXAnzV8r7TDGOps2CKcH5G3mWNI8rjl1xbk5K1ctpHStkj+yTMnHIKamSa1IjDcLJA3kiL+TVerSerTfrfTI6Z013dskvWJ/fzTKgCA==</latexit><latexit sha1_base64="/uuSDtFTXzGC/OtBAtew1cs4uDM=">AAACGnicbVDJSgNBFOxxN25Rj14agxBBwowIehGiXjxGyAaZYejpvEkaexa634hhyHd48Ve8eFDEm3jxb+wsBzUWNBRV7/G6Kkil0GjbX9bc/MLi0vLKamFtfWNzq7i909RJpjg0eCIT1Q6YBiliaKBACe1UAYsCCa3g9mrkt+5AaZHEdRyk4EWsF4tQcIZG8ouOKyHEjhsx7HMm84thuX3oKtHro+cLek5dhHvM62pYvvDFEW0f+sWSXbHHoLPEmZISmaLmFz/cbsKzCGLkkmndcewUvZwpFFzCsOBmGlLGb1kPOobGLALt5eNoQ3pglC4NE2VejHSs/tzIWaT1IArM5CiC/uuNxP+8TobhmZeLOM0QYj45FGaSYkJHPdGuUMBRDgxhXAnzV8r7TDGOps2CKcH5G3mWNI8rjl1xbk5K1ctpHStkj+yTMnHIKamSa1IjDcLJA3kiL+TVerSerTfrfTI6Z013dskvWJ/fzTKgCA==</latexit><latexit sha1_base64="/uuSDtFTXzGC/OtBAtew1cs4uDM=">AAACGnicbVDJSgNBFOxxN25Rj14agxBBwowIehGiXjxGyAaZYejpvEkaexa634hhyHd48Ve8eFDEm3jxb+wsBzUWNBRV7/G6Kkil0GjbX9bc/MLi0vLKamFtfWNzq7i909RJpjg0eCIT1Q6YBiliaKBACe1UAYsCCa3g9mrkt+5AaZHEdRyk4EWsF4tQcIZG8ouOKyHEjhsx7HMm84thuX3oKtHro+cLek5dhHvM62pYvvDFEW0f+sWSXbHHoLPEmZISmaLmFz/cbsKzCGLkkmndcewUvZwpFFzCsOBmGlLGb1kPOobGLALt5eNoQ3pglC4NE2VejHSs/tzIWaT1IArM5CiC/uuNxP+8TobhmZeLOM0QYj45FGaSYkJHPdGuUMBRDgxhXAnzV8r7TDGOps2CKcH5G3mWNI8rjl1xbk5K1ctpHStkj+yTMnHIKamSa1IjDcLJA3kiL+TVerSerTfrfTI6Z013dskvWJ/fzTKgCA==</latexit><latexit sha1_base64="/uuSDtFTXzGC/OtBAtew1cs4uDM=">AAACGnicbVDJSgNBFOxxN25Rj14agxBBwowIehGiXjxGyAaZYejpvEkaexa634hhyHd48Ve8eFDEm3jxb+wsBzUWNBRV7/G6Kkil0GjbX9bc/MLi0vLKamFtfWNzq7i909RJpjg0eCIT1Q6YBiliaKBACe1UAYsCCa3g9mrkt+5AaZHEdRyk4EWsF4tQcIZG8ouOKyHEjhsx7HMm84thuX3oKtHro+cLek5dhHvM62pYvvDFEW0f+sWSXbHHoLPEmZISmaLmFz/cbsKzCGLkkmndcewUvZwpFFzCsOBmGlLGb1kPOobGLALt5eNoQ3pglC4NE2VejHSs/tzIWaT1IArM5CiC/uuNxP+8TobhmZeLOM0QYj45FGaSYkJHPdGuUMBRDgxhXAnzV8r7TDGOps2CKcH5G3mWNI8rjl1xbk5K1ctpHStkj+yTMnHIKamSa1IjDcLJA3kiL+TVerSerTfrfTI6Z013dskvWJ/fzTKgCA==</latexit>

(RIP also holds for (sub-)Gaussian matrices,

Fourier, etc.)

- Similar to the sparsity case, RIP leads to convergence for various algos

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. X ⌫ 0,Tr(X)  1, rank(X)  r
<latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit><latexit sha1_base64="pngMvhLu1M9KEpQN2bK5cNiJyx8="></latexit>



Matrix sensing (without the trace and PSD constraints) 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>



Matrix sensing (without the trace and PSD constraints) 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>

- Solution #1: convexification + proj. gradient descent

(Pros & Cons?)

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. kXk⇤  �
<latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit><latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit><latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit><latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit>

Xt+1 = ⇧k·k⇤� (Xt � ⌘rf(Xt))
<latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit><latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit><latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit><latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit>
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Matrix sensing (without the trace and PSD constraints) 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>

- Solution #1: convexification + proj. gradient descent

(Pros & Cons?)

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. kXk⇤  �
<latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit><latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit><latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit><latexit sha1_base64="m6AIY1l30OyOf4OSfYB1t+E/IFw="></latexit>

Xt+1 = ⇧k·k⇤� (Xt � ⌘rf(Xt))
<latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit><latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit><latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit><latexit sha1_base64="VbKe21k/sSx5N+37zcoQmjonnu8="></latexit>

N
uc

le
ar
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 m
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kXk⇤ =
pX

i=1

�i(X)
<latexit sha1_base64="6zQESA07ynZxSIXAetpovXGIaXE=">AAACDXicbZBPS8MwGMZT/875r+rRS3AK08NoRdCLMPTicYLbCmstaZZtYUlaklQY3b6AF7+KFw+KePXuzW9jtvWgmw8Efnne9yV5nyhhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt6HiVGJSxzGLpRchRRgVpK6pZsRLJEE8YqQZ9a/H9eYDkYrG4k4PEhJw1BW0QzHSxgrtQ3/o+cPwBF5CX6U8zKghd3SfmCvtchTSsncc2iWn4kwE58HNoQRy1UL7y2/HOOVEaMyQUi3XSXSQIakpZmRU9FNFEoT7qEtaBgXiRAXZZJsRPDJOG3ZiaY7QcOL+nsgQV2rAI9PJke6p2drY/K/WSnXnIsioSFJNBJ4+1EkZ1DEcRwPbVBKs2cAAwpKav0LcQxJhbQIsmhDc2ZXnoXFacZ2Ke3tWql7lcRTAPjgAZeCCc1AFN6AG6gCDR/AMXsGb9WS9WO/Wx7R1wcpn9sAfWZ8/tP+aDA==</latexit><latexit sha1_base64="6zQESA07ynZxSIXAetpovXGIaXE=">AAACDXicbZBPS8MwGMZT/875r+rRS3AK08NoRdCLMPTicYLbCmstaZZtYUlaklQY3b6AF7+KFw+KePXuzW9jtvWgmw8Efnne9yV5nyhhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt6HiVGJSxzGLpRchRRgVpK6pZsRLJEE8YqQZ9a/H9eYDkYrG4k4PEhJw1BW0QzHSxgrtQ3/o+cPwBF5CX6U8zKghd3SfmCvtchTSsncc2iWn4kwE58HNoQRy1UL7y2/HOOVEaMyQUi3XSXSQIakpZmRU9FNFEoT7qEtaBgXiRAXZZJsRPDJOG3ZiaY7QcOL+nsgQV2rAI9PJke6p2drY/K/WSnXnIsioSFJNBJ4+1EkZ1DEcRwPbVBKs2cAAwpKav0LcQxJhbQIsmhDc2ZXnoXFacZ2Ke3tWql7lcRTAPjgAZeCCc1AFN6AG6gCDR/AMXsGb9WS9WO/Wx7R1wcpn9sAfWZ8/tP+aDA==</latexit><latexit sha1_base64="6zQESA07ynZxSIXAetpovXGIaXE=">AAACDXicbZBPS8MwGMZT/875r+rRS3AK08NoRdCLMPTicYLbCmstaZZtYUlaklQY3b6AF7+KFw+KePXuzW9jtvWgmw8Efnne9yV5nyhhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt6HiVGJSxzGLpRchRRgVpK6pZsRLJEE8YqQZ9a/H9eYDkYrG4k4PEhJw1BW0QzHSxgrtQ3/o+cPwBF5CX6U8zKghd3SfmCvtchTSsncc2iWn4kwE58HNoQRy1UL7y2/HOOVEaMyQUi3XSXSQIakpZmRU9FNFEoT7qEtaBgXiRAXZZJsRPDJOG3ZiaY7QcOL+nsgQV2rAI9PJke6p2drY/K/WSnXnIsioSFJNBJ4+1EkZ1DEcRwPbVBKs2cAAwpKav0LcQxJhbQIsmhDc2ZXnoXFacZ2Ke3tWql7lcRTAPjgAZeCCc1AFN6AG6gCDR/AMXsGb9WS9WO/Wx7R1wcpn9sAfWZ8/tP+aDA==</latexit><latexit sha1_base64="6zQESA07ynZxSIXAetpovXGIaXE=">AAACDXicbZBPS8MwGMZT/875r+rRS3AK08NoRdCLMPTicYLbCmstaZZtYUlaklQY3b6AF7+KFw+KePXuzW9jtvWgmw8Efnne9yV5nyhhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt6HiVGJSxzGLpRchRRgVpK6pZsRLJEE8YqQZ9a/H9eYDkYrG4k4PEhJw1BW0QzHSxgrtQ3/o+cPwBF5CX6U8zKghd3SfmCvtchTSsncc2iWn4kwE58HNoQRy1UL7y2/HOOVEaMyQUi3XSXSQIakpZmRU9FNFEoT7qEtaBgXiRAXZZJsRPDJOG3ZiaY7QcOL+nsgQV2rAI9PJke6p2drY/K/WSnXnIsioSFJNBJ4+1EkZ1DEcRwPbVBKs2cAAwpKav0LcQxJhbQIsmhDc2ZXnoXFacZ2Ke3tWql7lcRTAPjgAZeCCc1AFN6AG6gCDR/AMXsGb9WS9WO/Wx7R1wcpn9sAfWZ8/tP+aDA==</latexit>

- Definition of the nuclear norm:

(Requires full SVD for its calculation)



Matrix sensing (without the trace and PSD constraints) 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>



Matrix sensing (without the trace and PSD constraints) 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>

- Solution #2: keep the rank-constraint + proj. gradient descent

(Pros & Cons?)H
ar

d-
th

re
sh

ol
di

ng

Xt+1 = ⇧rank(X)r (Xt � ⌘rf(Xt))
<latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit><latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit><latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit><latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit>

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>

(Non-convex)



Matrix sensing (without the trace and PSD constraints) 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>

- Definition of the projection onto low-rank matrices

(Requires truncated SVD 

for its calculation)

bX 2 min
X

1
2kX � Y k2F

s.t. rank(X)  r
<latexit sha1_base64="k6ekcArfUNpcGDD8mwkwMqNFbII="></latexit><latexit sha1_base64="k6ekcArfUNpcGDD8mwkwMqNFbII="></latexit><latexit sha1_base64="k6ekcArfUNpcGDD8mwkwMqNFbII="></latexit><latexit sha1_base64="k6ekcArfUNpcGDD8mwkwMqNFbII="></latexit>

- Solution #2: keep the rank-constraint + proj. gradient descent

(Pros & Cons?)H
ar

d-
th

re
sh

ol
di

ng

Xt+1 = ⇧rank(X)r (Xt � ⌘rf(Xt))
<latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit><latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit><latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit><latexit sha1_base64="rLJDQcYeXwlDEPXsfEMVn+ol0GM="></latexit>

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>

(Non-convex)



But before we proceed..
- Some questions:

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>



But before we proceed..
- Some questions:

- Q: ``How easy it is to solve rank-constrained problems?`` 

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

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
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- A: ``Yes, without any constraints, the problem has infinite solutions`` 

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>



But before we proceed..
- Some questions:

- Q: ``How easy it is to solve rank-constrained problems?`` 

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

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

- A: ``Similar to sparsity, under assumptions on average this problem 

         can be solved in polynomial time`` 

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

- A: ``Yes, without any constraints, the problem has infinite solutions`` 
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Iterative hard thresholding (IHT)
(It is just projected gradient descent on low-rank constraints)

- Matrix IHT:

where 

Xt+1 = Hr (Xt � ⌘rf(Xt))
<latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit>

Hr(Z) 2 min
X2Rp⇥p

kX � Zk2F

s.t. rank(X)  r
<latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit>



Iterative hard thresholding (IHT)
(It is just projected gradient descent on low-rank constraints)

- Matrix IHT:

where 

Xt+1 = Hr (Xt � ⌘rf(Xt))
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(Have we seen this before?)



Iterative hard thresholding (IHT)
(It is just projected gradient descent on low-rank constraints)

- Matrix IHT:

where 

Xt+1 = Hr (Xt � ⌘rf(Xt))
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Iterative hard thresholding (IHT)
(It is just projected gradient descent on low-rank constraints)

- Now, imagine yourself implementing this.. What are the hyper-parameters?

- Matrix IHT:

where 

Xt+1 = Hr (Xt � ⌘rf(Xt))
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<latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit>

(Have we seen this before?)

(If yes, how we solve it?)



Iterative hard thresholding (IHT)
(It is just projected gradient descent on low-rank constraints)

- Now, imagine yourself implementing this.. What are the hyper-parameters?

- Matrix IHT:

where 

Xt+1 = Hr (Xt � ⌘rf(Xt))
<latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit>

Hr(Z) 2 min
X2Rp⇥p

kX � Zk2F

s.t. rank(X)  r
<latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit>

(Have we seen this before?)

(If yes, how we solve it?)

- ``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 pull-off?``



Iterative hard thresholding (IHT)
(It is just projected gradient descent on low-rank constraints)

- Now, imagine yourself implementing this.. What are the hyper-parameters?

- Matrix IHT:

where 

Xt+1 = Hr (Xt � ⌘rf(Xt))
<latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit><latexit sha1_base64="KhTQhCDdKEmllqyKVL+9WG/9Vhw=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehFELx4VrBaaEibbSbu42YTdiVBCf4gX/4oXD4p48SD4b0xqD349GHi8N8PMvDBV0pLrfjhj4xOTU9Mzs5W5+YXFperyypVNMiOwIRKVmGYIFpXU2CBJCpupQYhDhdfhzWnpX9+isTLRl9RPsR1DV8tICqBCCqp7zSCnbW/Aj/hZYHyFEW02A+I73EcC7msIFfCo1LZ8I7s92qoE1Zpbd4fgf4k3IjU2wnlQffM7ichi1CQUWNvy3JTaORiSQuGg4mcWUxA30MVWQTXEaNv58LkB3yiUDo8SU5QmPlS/T+QQW9uPw6IzBurZ314p/ue1MooO27nUaUaoxdeiKFOcEl4mxTvSoCDVLwgII4tbueiBAUFFnmUI3u+X/5Kr3brn1r2L/drxySiOGbbG1tkm89gBO2Zn7Jw1mGB37IE9sWfn3nl0XpzXr9YxZzSzyn7Aef8EuBifRA==</latexit>

Hr(Z) 2 min
X2Rp⇥p

kX � Zk2F

s.t. rank(X)  r
<latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit><latexit sha1_base64="8yd7TJ+T2O9lXMILgdG8NwZZh90="></latexit>

(Have we seen this before?)

(If yes, how we solve it?)

- ``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 pull-off?`` (Answer: see previous Chapter)



Convexification vs. hard-thresholding in practice

Demo



The price of SVD
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SVD(X) vs. X · U, where X 2 Rm⇥m, U 2 Rm⇥r
<latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit><latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit><latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit><latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit>



The price of SVD

Dimension m #104
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SVD(X) vs. X · U, where X 2 Rm⇥m, U 2 Rm⇥r
<latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit><latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit><latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit><latexit sha1_base64="/Jr4heBB9DgeyNecglmFaoqRVDU="></latexit>



X = UV >
<latexit sha1_base64="J6ubQBzKnQSrOXNtbsFHDtYYg4s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWMG2hjWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDplGZZtxnSirdDqnhUiTcR4GSt1PNaRxK3gpHt1O/9cS1ESp5wHHKg5gOEhEJRtFKnTa5Jn7zsYsq7VWqbs2dgSwTryBVKNDoVb66fcWymCfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGNpQmNugnx28oScWqVPIqVtJUhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgF0maIU/YfFGUSYKKTP8nfaE5Qzm2hDIt7K2EDammDG1KZRuCt/jyMmme1zy35t1fVOs3RRwlOIYTOAMPLqEOd9AAHxgoeIZXeHPQeXHenY9564pTzBzBHzifPxKfkHU=</latexit><latexit sha1_base64="J6ubQBzKnQSrOXNtbsFHDtYYg4s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWMG2hjWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDplGZZtxnSirdDqnhUiTcR4GSt1PNaRxK3gpHt1O/9cS1ESp5wHHKg5gOEhEJRtFKnTa5Jn7zsYsq7VWqbs2dgSwTryBVKNDoVb66fcWymCfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGNpQmNugnx28oScWqVPIqVtJUhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgF0maIU/YfFGUSYKKTP8nfaE5Qzm2hDIt7K2EDammDG1KZRuCt/jyMmme1zy35t1fVOs3RRwlOIYTOAMPLqEOd9AAHxgoeIZXeHPQeXHenY9564pTzBzBHzifPxKfkHU=</latexit><latexit sha1_base64="J6ubQBzKnQSrOXNtbsFHDtYYg4s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWMG2hjWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDplGZZtxnSirdDqnhUiTcR4GSt1PNaRxK3gpHt1O/9cS1ESp5wHHKg5gOEhEJRtFKnTa5Jn7zsYsq7VWqbs2dgSwTryBVKNDoVb66fcWymCfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGNpQmNugnx28oScWqVPIqVtJUhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgF0maIU/YfFGUSYKKTP8nfaE5Qzm2hDIt7K2EDammDG1KZRuCt/jyMmme1zy35t1fVOs3RRwlOIYTOAMPLqEOd9AAHxgoeIZXeHPQeXHenY9564pTzBzBHzifPxKfkHU=</latexit><latexit sha1_base64="J6ubQBzKnQSrOXNtbsFHDtYYg4s=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWMG2hjWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDplGZZtxnSirdDqnhUiTcR4GSt1PNaRxK3gpHt1O/9cS1ESp5wHHKg5gOEhEJRtFKnTa5Jn7zsYsq7VWqbs2dgSwTryBVKNDoVb66fcWymCfIJDWm47kpBjnVKJjkk3I3MzylbEQHvGNpQmNugnx28oScWqVPIqVtJUhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgF0maIU/YfFGUSYKKTP8nfaE5Qzm2hDIt7K2EDammDG1KZRuCt/jyMmme1zy35t1fVOs3RRwlOIYTOAMPLqEOd9AAHxgoeIZXeHPQeXHenY9564pTzBzBHzifPxKfkHU=</latexit>

X 2 Rn⇥p
<latexit sha1_base64="oux3cpQ4ZCNrGqPSl+1lSnXEVYg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKJXnPrjo1ZwK0SNwZqcIMjZ795fVjkkZUaMKxUl3XSbSfYakZ4TSveKmiCSYjPKBdQwU2c/xsckaOjo3SR2EszRMaTdTfHRmOlBpHgaks1lXzXiH+53VTHV74GRNJqqkg00FhypGOUZEJ6jNJieZjQzCRzOyKyBBLTLRJrmJCcOdPXiSt05rr1Nybs2r9chZHGQ7gCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY1pasmY9+/AH1ucPrc6Yng==</latexit><latexit sha1_base64="oux3cpQ4ZCNrGqPSl+1lSnXEVYg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKJXnPrjo1ZwK0SNwZqcIMjZ795fVjkkZUaMKxUl3XSbSfYakZ4TSveKmiCSYjPKBdQwU2c/xsckaOjo3SR2EszRMaTdTfHRmOlBpHgaks1lXzXiH+53VTHV74GRNJqqkg00FhypGOUZEJ6jNJieZjQzCRzOyKyBBLTLRJrmJCcOdPXiSt05rr1Nybs2r9chZHGQ7gCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY1pasmY9+/AH1ucPrc6Yng==</latexit><latexit sha1_base64="oux3cpQ4ZCNrGqPSl+1lSnXEVYg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKJXnPrjo1ZwK0SNwZqcIMjZ795fVjkkZUaMKxUl3XSbSfYakZ4TSveKmiCSYjPKBdQwU2c/xsckaOjo3SR2EszRMaTdTfHRmOlBpHgaks1lXzXiH+53VTHV74GRNJqqkg00FhypGOUZEJ6jNJieZjQzCRzOyKyBBLTLRJrmJCcOdPXiSt05rr1Nybs2r9chZHGQ7gCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY1pasmY9+/AH1ucPrc6Yng==</latexit><latexit sha1_base64="oux3cpQ4ZCNrGqPSl+1lSnXEVYg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKJXnPrjo1ZwK0SNwZqcIMjZ795fVjkkZUaMKxUl3XSbSfYakZ4TSveKmiCSYjPKBdQwU2c/xsckaOjo3SR2EszRMaTdTfHRmOlBpHgaks1lXzXiH+53VTHV74GRNJqqkg00FhypGOUZEJ6jNJieZjQzCRzOyKyBBLTLRJrmJCcOdPXiSt05rr1Nybs2r9chZHGQ7gCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY1pasmY9+/AH1ucPrc6Yng==</latexit>

U 2 Rn⇥r
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<latexit sha1_base64="o5c3WElnGEbwJsuGHYRmSnYXSIw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKibxnV52aMwFaJO6MVGGGRs/+8voxSSMqNOFYqa7rJNrPsNSMcJpXvFTRBJMRHtCuoQKbOX42OSNHx0bpozCW5gmNJurvjgxHSo2jwFQW66p5rxD/87qpDi/8jIkk1VSQ6aAw5UjHqMgE9ZmkRPOxIZhIZnZFZIglJtokVzEhuPMnL5LWac11au7NWbV+OYujDAdwBCfgwjnU4Roa0AQCj/AMr/BmPVkv1rv1MS0tWbOeffgD6/MHqsSYnA==</latexit><latexit sha1_base64="o5c3WElnGEbwJsuGHYRmSnYXSIw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKibxnV52aMwFaJO6MVGGGRs/+8voxSSMqNOFYqa7rJNrPsNSMcJpXvFTRBJMRHtCuoQKbOX42OSNHx0bpozCW5gmNJurvjgxHSo2jwFQW66p5rxD/87qpDi/8jIkk1VSQ6aAw5UjHqMgE9ZmkRPOxIZhIZnZFZIglJtokVzEhuPMnL5LWac11au7NWbV+OYujDAdwBCfgwjnU4Roa0AQCj/AMr/BmPVkv1rv1MS0tWbOeffgD6/MHqsSYnA==</latexit><latexit sha1_base64="o5c3WElnGEbwJsuGHYRmSnYXSIw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKibxnV52aMwFaJO6MVGGGRs/+8voxSSMqNOFYqa7rJNrPsNSMcJpXvFTRBJMRHtCuoQKbOX42OSNHx0bpozCW5gmNJurvjgxHSo2jwFQW66p5rxD/87qpDi/8jIkk1VSQ6aAw5UjHqMgE9ZmkRPOxIZhIZnZFZIglJtokVzEhuPMnL5LWac11au7NWbV+OYujDAdwBCfgwjnU4Roa0AQCj/AMr/BmPVkv1rv1MS0tWbOeffgD6/MHqsSYnA==</latexit><latexit sha1_base64="o5c3WElnGEbwJsuGHYRmSnYXSIw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUlE0GXRjcsq9gFNLJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5y0XWjrgYEz59zLvfcECWdKO863VVpaXlldK69XNja3tnfs3b2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRVeG3H6hULBZ3epxQP8IDwUJGsDZSzz7sII8J5EVYD4Mgu83vM/PTLKIKibxnV52aMwFaJO6MVGGGRs/+8voxSSMqNOFYqa7rJNrPsNSMcJpXvFTRBJMRHtCuoQKbOX42OSNHx0bpozCW5gmNJurvjgxHSo2jwFQW66p5rxD/87qpDi/8jIkk1VSQ6aAw5UjHqMgE9ZmkRPOxIZhIZnZFZIglJtokVzEhuPMnL5LWac11au7NWbV+OYujDAdwBCfgwjnU4Roa0AQCj/AMr/BmPVkv1rv1MS0tWbOeffgD6/MHqsSYnA==</latexit>
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<latexit sha1_base64="kbwDClu+tF634drHkfuiWY/+Xzk=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KokIehGKXjxWMW2hqWWz3bRLN5uwOxFKyNmLf8WLB0W8+gu8+W/ctD1o64OFt+/NMDMvSATX4Djf1sLi0vLKammtvL6xubVt7+w2dJwqyjwai1i1AqKZ4JJ5wEGwVqIYiQLBmsHwqvCbD0xpHss7GCWsE5G+5CGnBIzUtQ88fIEb2OcS+xGBQRBkt/l9Zn7AI6axyrt2xak6Y+B54k5JBU1R79pffi+macQkUEG0brtOAp2MKOBUsLzsp5olhA5Jn7UNlcTM6WTjU3J8ZJQeDmNlngQ8Vn93ZCTSehQFprJYV896hfif104hPO9kXCYpMEkng8JUYIhxkQvuccUoiJEhhCpudsV0QBShYNIrmxDc2ZPnSeOk6jpV9+a0UrucxlFC++gQHSMXnaEaukZ15CGKHtEzekVv1pP1Yr1bH5PSBWvas4f+wPr8AZo8mZg=</latexit><latexit sha1_base64="kbwDClu+tF634drHkfuiWY/+Xzk=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KokIehGKXjxWMW2hqWWz3bRLN5uwOxFKyNmLf8WLB0W8+gu8+W/ctD1o64OFt+/NMDMvSATX4Djf1sLi0vLKammtvL6xubVt7+w2dJwqyjwai1i1AqKZ4JJ5wEGwVqIYiQLBmsHwqvCbD0xpHss7GCWsE5G+5CGnBIzUtQ88fIEb2OcS+xGBQRBkt/l9Zn7AI6axyrt2xak6Y+B54k5JBU1R79pffi+macQkUEG0brtOAp2MKOBUsLzsp5olhA5Jn7UNlcTM6WTjU3J8ZJQeDmNlngQ8Vn93ZCTSehQFprJYV896hfif104hPO9kXCYpMEkng8JUYIhxkQvuccUoiJEhhCpudsV0QBShYNIrmxDc2ZPnSeOk6jpV9+a0UrucxlFC++gQHSMXnaEaukZ15CGKHtEzekVv1pP1Yr1bH5PSBWvas4f+wPr8AZo8mZg=</latexit><latexit sha1_base64="kbwDClu+tF634drHkfuiWY/+Xzk=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KokIehGKXjxWMW2hqWWz3bRLN5uwOxFKyNmLf8WLB0W8+gu8+W/ctD1o64OFt+/NMDMvSATX4Djf1sLi0vLKammtvL6xubVt7+w2dJwqyjwai1i1AqKZ4JJ5wEGwVqIYiQLBmsHwqvCbD0xpHss7GCWsE5G+5CGnBIzUtQ88fIEb2OcS+xGBQRBkt/l9Zn7AI6axyrt2xak6Y+B54k5JBU1R79pffi+macQkUEG0brtOAp2MKOBUsLzsp5olhA5Jn7UNlcTM6WTjU3J8ZJQeDmNlngQ8Vn93ZCTSehQFprJYV896hfif104hPO9kXCYpMEkng8JUYIhxkQvuccUoiJEhhCpudsV0QBShYNIrmxDc2ZPnSeOk6jpV9+a0UrucxlFC++gQHSMXnaEaukZ15CGKHtEzekVv1pP1Yr1bH5PSBWvas4f+wPr8AZo8mZg=</latexit><latexit sha1_base64="kbwDClu+tF634drHkfuiWY/+Xzk=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KokIehGKXjxWMW2hqWWz3bRLN5uwOxFKyNmLf8WLB0W8+gu8+W/ctD1o64OFt+/NMDMvSATX4Djf1sLi0vLKammtvL6xubVt7+w2dJwqyjwai1i1AqKZ4JJ5wEGwVqIYiQLBmsHwqvCbD0xpHss7GCWsE5G+5CGnBIzUtQ88fIEb2OcS+xGBQRBkt/l9Zn7AI6axyrt2xak6Y+B54k5JBU1R79pffi+macQkUEG0brtOAp2MKOBUsLzsp5olhA5Jn7UNlcTM6WTjU3J8ZJQeDmNlngQ8Vn93ZCTSehQFprJYV896hfif104hPO9kXCYpMEkng8JUYIhxkQvuccUoiJEhhCpudsV0QBShYNIrmxDc2ZPnSeOk6jpV9+a0UrucxlFC++gQHSMXnaEaukZ15CGKHtEzekVv1pP1Yr1bH5PSBWvas4f+wPr8AZo8mZg=</latexit>

Non-PSD PSD



First consider a simpler objective: Rank-1 PCA
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First consider a simpler objective: Rank-1 PCA

- Some properties of the proof:

- Initialization does matter: e.g., for PCA there are initializations that do 

   not lead to convergence (More to come later on)



First consider a simpler objective: Rank-1 PCA

- After proper initialization, one can prove convergence to global minimum.

   Despite this, such convergence results are called local convergence guarantees

- Some properties of the proof:

- Initialization does matter: e.g., for PCA there are initializations that do 

   not lead to convergence (More to come later on)



First consider a simpler objective: Rank-1 PCA

- After proper initialization, one can prove convergence to global minimum.

   Despite this, such convergence results are called local convergence guarantees

- Often the theory dictates how to set the step size, in order to obtain

   convergence. For some cases it is a range of values, in other cases we just 

   rely on a specific step size. 

- Some properties of the proof:

- Initialization does matter: e.g., for PCA there are initializations that do 

   not lead to convergence (More to come later on)



Back to matrix sensing

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
<latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit><latexit sha1_base64="zFWHGvECJB5lexJPsimSXt1+v90="></latexit>



Back to matrix sensing

min
X2Rp⇥p

1
2

nX

i=1

(yi � hAi, Xi)2

s.t. rank(X)  r
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X = UV >



Back to matrix sensing

min
U2Rn⇥r,V 2Rp⇥r

1
2

nX

i=1

�
yi �

⌦
Ai, UV >↵�2
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Back to matrix sensing

min
U2Rn⇥r,V 2Rp⇥r
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Back to matrix sensing

min
U2Rn⇥r,V 2Rp⇥r

1
2

nX

i=1

�
yi �

⌦
Ai, UV >↵�2

<latexit sha1_base64="A42uUnGmDCLVdxdbZ4mtKza96lo="></latexit><latexit sha1_base64="A42uUnGmDCLVdxdbZ4mtKza96lo="></latexit><latexit sha1_base64="A42uUnGmDCLVdxdbZ4mtKza96lo="></latexit><latexit sha1_base64="A42uUnGmDCLVdxdbZ4mtKza96lo="></latexit>

Non-convex!

No constraints!



Back to matrix sensing

min
U2Rn⇥r,V 2Rp⇥r

1
2

nX

i=1

�
yi �

⌦
Ai, UV >↵�2
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Non-convex!

No constraints!
- Key differences with PCA:

- Number of observations less than number of parameters

- Mapping is identity, but satisfies a restricted isometry property



The same story holds for more general functions

min
X2Rm⇥n

f(X)

rank(X)  r



The same story holds for more general functions

min
X2Rm⇥n

f(X)

rank(X)  r

X = UV >



The same story holds for more general functions

min
U2Rm⇥r,V 2Rn⇥r

f(UV >)



The same story holds for more general functions

min
U2Rm⇥r,V 2Rn⇥r

f(UV >)
No constraints!

Non-convex!



The same story holds for more general functions

min
U2Rm⇥r,V 2Rn⇥r

f(UV >)
No constraints!

Non-convex!

- Key differences with matrix sensing:

- Restricted isometry might be substituted by restricted strong cvx/smoothness

- Restricted strong convexity might not hold



How would we solve this problem?

Vi+1 = Vi � ⌘rf(UiV
>
i )> · Ui

Ui+1 = Ui � ⌘rf(UiV
>
i ) · Vi

Vi+1

Ui+1



| {z }
Gradient of f w.r.t. U

| {z }
Gradient of f w.r.t. V
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How would we solve this problem?
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How would we solve this problem?

Select initial point Select step size

Vi+1 = Vi � ⌘rf(UiV
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How would we solve this problem?

Select initial point Select step size

Do gradient step

Do gradient step

Vi+1 = Vi � ⌘rf(UiV
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Vi+1
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Nevertheless, can we hope for some guarantees?

- What is the geometric intuition of                               ? hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

x?
<latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit>

xt � x?
<latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit>



Nevertheless, can we hope for some guarantees?

- What is the geometric intuition of                               ? hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

x?
<latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit>

xt � x?
<latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit>

xt+1
<latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit>

xt � xt+1 = ⌘rf(xt)
<latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit>



Nevertheless, can we hope for some guarantees?

- What is the geometric intuition of                               ? hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

x?
<latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit>

xt � x?
<latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit>

xt+1
<latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit>

xt � xt+1 = ⌘rf(xt)
<latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit>

hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>



Nevertheless, can we hope for some guarantees?

- What is the geometric intuition of                               ? hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

x?
<latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit>

xt � x?
<latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit>

xt+1
<latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit>

xt � xt+1 = ⌘rf(xt)
<latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit>

hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

�
<latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit><latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit><latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit><latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit>


<latexit sha1_base64="NNNDFHY5GCWjSzshYu9V/h8etJI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5PYGPpF+tuXV3DrJKvILUoECzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/dkrOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFsCY5q</latexit><latexit sha1_base64="NNNDFHY5GCWjSzshYu9V/h8etJI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5PYGPpF+tuXV3DrJKvILUoECzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/dkrOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFsCY5q</latexit><latexit sha1_base64="NNNDFHY5GCWjSzshYu9V/h8etJI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5PYGPpF+tuXV3DrJKvILUoECzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/dkrOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFsCY5q</latexit><latexit sha1_base64="NNNDFHY5GCWjSzshYu9V/h8etJI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5PYGPpF+tuXV3DrJKvILUoECzX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/dkrOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzqdgQvOWXV0nrou65de/+sta4KeIowwmcwjl4cAUNuIMm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFsCY5q</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

?
<latexit sha1_base64="Vm44zil6bf7waA6LjKWwcH0PVoI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JtFLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46ZfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eZxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHj9WMww==</latexit><latexit sha1_base64="Vm44zil6bf7waA6LjKWwcH0PVoI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JtFLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46ZfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eZxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHj9WMww==</latexit><latexit sha1_base64="Vm44zil6bf7waA6LjKWwcH0PVoI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JtFLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46ZfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eZxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHj9WMww==</latexit><latexit sha1_base64="Vm44zil6bf7waA6LjKWwcH0PVoI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JtFLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46ZfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eZxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHj9WMww==</latexit>



Nevertheless, can we hope for some guarantees?

- What is the geometric intuition of                               ? hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

x?
<latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit>

xt � x?
<latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit><latexit sha1_base64="qT12fwXr+vvrSZ3Ox77g5i5OVEA=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0GPQi8cI5gHJGmYns8mQ2dl1pjckhHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHBYM3GqGa+yWMa6EVDDpVC8igIlbySa0yiQvB70b6d+fcC1EbF6wFHC/Yh2lQgFo2glf9hGck6Gjy2DVLcLRbfkzkCWiZeRImSotAtfrU7M0ogrZJIa0/TcBP0x1SiY5JN8KzU8oaxPu7xpqaIRN/54dvSEnFqlQ8JY21JIZurviTGNjBlFge2MKPbMojcV//OaKYbX/lioJEWu2HxRmEqCMZkmQDpCc4ZyZAllWthbCetRTRnanPI2BG/x5WVSuyh5bsm7vyyWb7I4cnAMJ3AGHlxBGe6gAlVg8ATP8ApvzsB5cd6dj3nripPNHMEfOJ8/DwGRoA==</latexit>

xt+1
<latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit><latexit sha1_base64="jbbo+5VvebERC/sG/EhZFr+4SCU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlm03cnYgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqHscJ9yM6UCIUjKKV2k+9DM+8CemVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEMJDzDK7w5D86L8+58zFsLTj5zCH/gfP4AZ5+PiQ==</latexit>

xt � xt+1 = ⌘rf(xt)
<latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit><latexit sha1_base64="Al/2zKTIcxEnmRSvGNgXg+pDu8Q=">AAACC3icbVBNS8NAEN3U7/pV9ehlsQgVsSQi6EUQvXisYKvQhDDZbnTpZhN2J9ISevfiX/HiQRGv/gFv/hu3tQetPhh4vDfDzLwok8Kg6346panpmdm5+YXy4tLyymplbb1l0lwz3mSpTPV1BIZLoXgTBUp+nWkOSST5VdQ9G/pXd1wbkapL7Gc8SOBGiVgwQCuFla1eiHSP9sICd70BPaY+R6C+gkgCjWvW3QkrVbfujkD/Em9MqmSMRlj58DspyxOukEkwpu25GQYFaBRM8kHZzw3PgHXhhrctVZBwExSjXwZ02yodGqfalkI6Un9OFJAY008i25kA3ppJbyj+57VzjI+CQqgsR67Y96I4lxRTOgyGdoTmDGXfEmBa2FspuwUNDG18ZRuCN/nyX9Lar3tu3bs4qJ6cjuOYJ5tki9SIRw7JCTknDdIkjNyTR/JMXpwH58l5dd6+W0vOeGaD/ILz/gXbNZkF</latexit>

hrf(xt), xt � x?i
<latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit><latexit sha1_base64="Dd3jfpUEjjTzeCGV9lQSApzGu18=">AAACI3icbVA9SwNBEN3z2/gVtbRZDEIEDXciKFaijaWCMYFcDHObuWRxb+/YnRND8L/Y+FdsLBSxsfC/uIkpNDqww+O9N8zOizIlLfn+hzcxOTU9Mzs3X1hYXFpeKa6uXdk0NwKrIlWpqUdgUUmNVZKksJ4ZhCRSWItuTgd67RaNlam+pF6GzQQ6WsZSADmqVTziocKYXAfdUchDDZECHpfvWrS9w13nu/zuOrQEhodGdrrOa4beVrHkV/xh8b8gGIESG9V5q/gWtlORJ6hJKLC2EfgZNftgSAqF94Uwt5iBuIEONhzUkKBt9oc33vMtx7R5nBr3NPEh+3OiD4m1vSRyzgSoa8e1Afmf1sgpPmz2pc5yQi2+F8W54pTyQWC8LQ0KUj0HQBjp/spFFwwIcrEWXAjB+Ml/wdVeJfArwcV+6fhkFMcc22CbrMwCdsCO2Rk7Z1Um2AN7Yi/s1Xv0nr037/3bOuGNZtbZr/I+vwDBW6Mg</latexit>

�
<latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit><latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit><latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit><latexit sha1_base64="REokLTdf+ZwOM4PtJ4qxqJklTk0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vSE+kn615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n82Ck5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiWti7rn1r37y1rjpoijDCdwCufgwRU04A6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdkZo5l</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>



Regulatory condition

- Reminder:

kxt+1 � x?k2] = kxt � ⌘rf(xt)� x?k2]
= kxt � x?k2] � 2⌘ hrf(xt), xt � x?i+ ⌘2krf(xt)k2]

<latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit>



Regulatory condition

- Reminder:

kxt+1 � x?k2] = kxt � ⌘rf(xt)� x?k2]
= kxt � x?k2] � 2⌘ hrf(xt), xt � x?i+ ⌘2krf(xt)k2]

<latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit>

- We would like:

hrf(xt), xt � x?i � ↵kxt � x?k2] + �krf(xt)k2]
<latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit>



Regulatory condition

- Reminder:

kxt+1 � x?k2] = kxt � ⌘rf(xt)� x?k2]
= kxt � x?k2] � 2⌘ hrf(xt), xt � x?i+ ⌘2krf(xt)k2]

<latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit><latexit sha1_base64="5Q21sA4/OZAwgWrpPm1jJ4iKhns="></latexit>

- We would like:

hrf(xt), xt � x?i � ↵kxt � x?k2] + �krf(xt)k2]
<latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit>

    for sufficient                  such that↵,� � 0
<latexit sha1_base64="5U5hYgjYZS/VdlVCQEaeN0goQKY=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBg4QZEfQY9OIxglkgM4SaTk3SpGexu0eIQ/BXvHhQxKv/4c2/sbMcNPFBweO9KqrqBangSjvOt1VYWl5ZXSuulzY2t7Z37N29hkoyybDOEpHIVgAKBY+xrrkW2EolQhQIbAaD67HffECpeBLf6WGKfgS9mIecgTZSxz7wQKR9OKVegBqo18N76nTsslNxJqCLxJ2RMpmh1rG/vG7CsghjzQQo1XadVPs5SM2ZwFHJyxSmwAbQw7ahMUSo/Hxy/YgeG6VLw0SaijWdqL8ncoiUGkaB6YxA99W8Nxb/89qZDi/9nMdppjFm00VhJqhO6DgK2uUSmRZDQ4BJbm6lrA8SmDaBlUwI7vzLi6RxVnGdint7Xq5ezeIokkNyRE6ISy5IldyQGqkTRh7JM3klb9aT9WK9Wx/T1oI1m9knf2B9/gDL05Qi</latexit><latexit sha1_base64="5U5hYgjYZS/VdlVCQEaeN0goQKY=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBg4QZEfQY9OIxglkgM4SaTk3SpGexu0eIQ/BXvHhQxKv/4c2/sbMcNPFBweO9KqrqBangSjvOt1VYWl5ZXSuulzY2t7Z37N29hkoyybDOEpHIVgAKBY+xrrkW2EolQhQIbAaD67HffECpeBLf6WGKfgS9mIecgTZSxz7wQKR9OKVegBqo18N76nTsslNxJqCLxJ2RMpmh1rG/vG7CsghjzQQo1XadVPs5SM2ZwFHJyxSmwAbQw7ahMUSo/Hxy/YgeG6VLw0SaijWdqL8ncoiUGkaB6YxA99W8Nxb/89qZDi/9nMdppjFm00VhJqhO6DgK2uUSmRZDQ4BJbm6lrA8SmDaBlUwI7vzLi6RxVnGdint7Xq5ezeIokkNyRE6ISy5IldyQGqkTRh7JM3klb9aT9WK9Wx/T1oI1m9knf2B9/gDL05Qi</latexit><latexit sha1_base64="5U5hYgjYZS/VdlVCQEaeN0goQKY=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBg4QZEfQY9OIxglkgM4SaTk3SpGexu0eIQ/BXvHhQxKv/4c2/sbMcNPFBweO9KqrqBangSjvOt1VYWl5ZXSuulzY2t7Z37N29hkoyybDOEpHIVgAKBY+xrrkW2EolQhQIbAaD67HffECpeBLf6WGKfgS9mIecgTZSxz7wQKR9OKVegBqo18N76nTsslNxJqCLxJ2RMpmh1rG/vG7CsghjzQQo1XadVPs5SM2ZwFHJyxSmwAbQw7ahMUSo/Hxy/YgeG6VLw0SaijWdqL8ncoiUGkaB6YxA99W8Nxb/89qZDi/9nMdppjFm00VhJqhO6DgK2uUSmRZDQ4BJbm6lrA8SmDaBlUwI7vzLi6RxVnGdint7Xq5ezeIokkNyRE6ISy5IldyQGqkTRh7JM3klb9aT9WK9Wx/T1oI1m9knf2B9/gDL05Qi</latexit><latexit sha1_base64="5U5hYgjYZS/VdlVCQEaeN0goQKY=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBg4QZEfQY9OIxglkgM4SaTk3SpGexu0eIQ/BXvHhQxKv/4c2/sbMcNPFBweO9KqrqBangSjvOt1VYWl5ZXSuulzY2t7Z37N29hkoyybDOEpHIVgAKBY+xrrkW2EolQhQIbAaD67HffECpeBLf6WGKfgS9mIecgTZSxz7wQKR9OKVegBqo18N76nTsslNxJqCLxJ2RMpmh1rG/vG7CsghjzQQo1XadVPs5SM2ZwFHJyxSmwAbQw7ahMUSo/Hxy/YgeG6VLw0SaijWdqL8ncoiUGkaB6YxA99W8Nxb/89qZDi/9nMdppjFm00VhJqhO6DgK2uUSmRZDQ4BJbm6lrA8SmDaBlUwI7vzLi6RxVnGdint7Xq5ezeIokkNyRE6ISy5IldyQGqkTRh7JM3klb9aT9WK9Wx/T1oI1m9knf2B9/gDL05Qi</latexit>

kxt � x?k2] � 2⌘ hrf(xt), xt � x?i+ ⌘2krf(xt)k2]
 kxt � x?k2] � c↵⌘kxt � x?k2] �

�
c⌘� � ⌘2

�
krf(xt)k2]

<latexit sha1_base64="/AfwTFbPWAdMC+K/jTXF0hDriFM="></latexit><latexit sha1_base64="/AfwTFbPWAdMC+K/jTXF0hDriFM="></latexit><latexit sha1_base64="/AfwTFbPWAdMC+K/jTXF0hDriFM="></latexit><latexit sha1_base64="/AfwTFbPWAdMC+K/jTXF0hDriFM="></latexit>

c
<latexit sha1_base64="pD+Z7tgZ32h2jk4KlsQInq2Wy/s=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgZG+W/Vq3hxklfgFqUKBRt/96g0SlsVcIZPUmK7vpRjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NIpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMzeJgOhOUM5sYQyLeythI2opgxtOBUbgr/88ippXdR8r+bfX1brN0UcZTiBUzgHH66gDnfQgCYwiOAZXuHNGTsvzrvzsWgtOcXMMfyB8/kDHDuNEQ==</latexit><latexit sha1_base64="pD+Z7tgZ32h2jk4KlsQInq2Wy/s=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgZG+W/Vq3hxklfgFqUKBRt/96g0SlsVcIZPUmK7vpRjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NIpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMzeJgOhOUM5sYQyLeythI2opgxtOBUbgr/88ippXdR8r+bfX1brN0UcZTiBUzgHH66gDnfQgCYwiOAZXuHNGTsvzrvzsWgtOcXMMfyB8/kDHDuNEQ==</latexit><latexit sha1_base64="pD+Z7tgZ32h2jk4KlsQInq2Wy/s=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgZG+W/Vq3hxklfgFqUKBRt/96g0SlsVcIZPUmK7vpRjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NIpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMzeJgOhOUM5sYQyLeythI2opgxtOBUbgr/88ippXdR8r+bfX1brN0UcZTiBUzgHH66gDnfQgCYwiOAZXuHNGTsvzrvzsWgtOcXMMfyB8/kDHDuNEQ==</latexit><latexit sha1_base64="pD+Z7tgZ32h2jk4KlsQInq2Wy/s=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgZG+W/Vq3hxklfgFqUKBRt/96g0SlsVcIZPUmK7vpRjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NIpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMzeJgOhOUM5sYQyLeythI2opgxtOBUbgr/88ippXdR8r+bfX1brN0UcZTiBUzgHH66gDnfQgCYwiOAZXuHNGTsvzrvzsWgtOcXMMfyB8/kDHDuNEQ==</latexit>

    is problem dependent



Why should we hope for such a condition to hold?



Why should we hope for such a condition to hold?

- We know from convex analysis that

``For smooth and strongly convex functions:``

hrf(x)�rf(y), x� yi � µL
µ+Lkx� yk22 + 1

µ+Lkrf(x)�rf(y)k22
<latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit>

8x, y
<latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit><latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit><latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit><latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit>



Why should we hope for such a condition to hold?

- We know from convex analysis that

``For smooth and strongly convex functions:``

hrf(x)�rf(y), x� yi � µL
µ+Lkx� yk22 + 1

µ+Lkrf(x)�rf(y)k22
<latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit>

8x, y
<latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit><latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit><latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit><latexit sha1_base64="GIdpAM3/3idvtnSYKRkdHok+1Co=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWz3bRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5B2ySZZrzFEpnoTkgNl0LxFgqUvJNqTuNQ8odwdDP1Hx65NiJR9zhOeRDTgRKRYBSt5PtRoqmU5OmMjHvVmlt3ZyDLxCtIDQo0e9Uvv5+wLOYKmaTGdD03xSCnGgWTfFLxM8NTykZ0wLuWKhpzE+SzmyfkxCp9YtfbUkhm6u+JnMbGjOPQdsYUh2bRm4r/ed0Mo6sgFyrNkCs2XxRlkmBCpgGQvtCcoRxbQpkW9lbChlRThjamig3BW3x5mbTP655b9+4uao3rIo4yHMExnIIHl9CAW2hCCxik8Ayv8OZkzovz7nzMW0tOMXMIf+B8/gBGgZEr</latexit>

hrf(xt), xt � x?i � ↵kxt � x?k2] + �krf(xt)k2]
<latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit><latexit sha1_base64="7ZUOEbeECgK5LOVoZy70EuUtPiU="></latexit>

- Set                and since  y = x?
<latexit sha1_base64="vn2d06FFnFtt5kUgSfrau7Ls4rQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANJbNdtMu3eyG3YkYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyaCG3Ddb6e0srq2vlHerGxt7+zuVfcP2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vpn6nUemDVfyHrKEBTEZSh5xSsBKfoav8NNDzwDR/WrNrbsz4GXiFaSGCjT71a/eQNE0ZhKoIMb4nptAkBMNnAo2qfRSwxJCx2TIfEsliZkJ8tnJE3xilQGOlLYlAc/U3xM5iY3J4tB2xgRGZtGbiv95fgrRZZBzmaTAJJ0vilKBQeHp/3jANaMgMksI1dzeiumIaELBplSxIXiLLy+T9lndc+ve3XmtcV3EUUZH6BidIg9doAa6RU3UQhQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AGV5pDK</latexit><latexit sha1_base64="vn2d06FFnFtt5kUgSfrau7Ls4rQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANJbNdtMu3eyG3YkYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyaCG3Ddb6e0srq2vlHerGxt7+zuVfcP2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vpn6nUemDVfyHrKEBTEZSh5xSsBKfoav8NNDzwDR/WrNrbsz4GXiFaSGCjT71a/eQNE0ZhKoIMb4nptAkBMNnAo2qfRSwxJCx2TIfEsliZkJ8tnJE3xilQGOlLYlAc/U3xM5iY3J4tB2xgRGZtGbiv95fgrRZZBzmaTAJJ0vilKBQeHp/3jANaMgMksI1dzeiumIaELBplSxIXiLLy+T9lndc+ve3XmtcV3EUUZH6BidIg9doAa6RU3UQhQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AGV5pDK</latexit><latexit sha1_base64="vn2d06FFnFtt5kUgSfrau7Ls4rQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANJbNdtMu3eyG3YkYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyaCG3Ddb6e0srq2vlHerGxt7+zuVfcP2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vpn6nUemDVfyHrKEBTEZSh5xSsBKfoav8NNDzwDR/WrNrbsz4GXiFaSGCjT71a/eQNE0ZhKoIMb4nptAkBMNnAo2qfRSwxJCx2TIfEsliZkJ8tnJE3xilQGOlLYlAc/U3xM5iY3J4tB2xgRGZtGbiv95fgrRZZBzmaTAJJ0vilKBQeHp/3jANaMgMksI1dzeiumIaELBplSxIXiLLy+T9lndc+ve3XmtcV3EUUZH6BidIg9doAa6RU3UQhQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AGV5pDK</latexit><latexit sha1_base64="vn2d06FFnFtt5kUgSfrau7Ls4rQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANJbNdtMu3eyG3YkYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyaCG3Ddb6e0srq2vlHerGxt7+zuVfcP2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vpn6nUemDVfyHrKEBTEZSh5xSsBKfoav8NNDzwDR/WrNrbsz4GXiFaSGCjT71a/eQNE0ZhKoIMb4nptAkBMNnAo2qfRSwxJCx2TIfEsliZkJ8tnJE3xilQGOlLYlAc/U3xM5iY3J4tB2xgRGZtGbiv95fgrRZZBzmaTAJJ0vilKBQeHp/3jANaMgMksI1dzeiumIaELBplSxIXiLLy+T9lndc+ve3XmtcV3EUUZH6BidIg9doAa6RU3UQhQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AGV5pDK</latexit>

rf(x?) = 0
<latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit><latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit><latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit><latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit>

hrf(x), x� x?i � µL
µ+Lkx� x?k22 + 1

µ+Lkrf(x)k22
<latexit sha1_base64="AE3LciAj8GMWaEYGzvIBElUNeAY="></latexit><latexit sha1_base64="AE3LciAj8GMWaEYGzvIBElUNeAY="></latexit><latexit sha1_base64="AE3LciAj8GMWaEYGzvIBElUNeAY="></latexit><latexit sha1_base64="AE3LciAj8GMWaEYGzvIBElUNeAY="></latexit>

and compare with



Local convergence guarantees for UU>
<latexit sha1_base64="ycZFmT7DM78kSRt+A+PDahNL+Qg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4ruG2hXUs2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTxqGZlpQkMiudSdGBvKmaChZZbTjtIUpzGn7Xh8O/PbT1QbJsWDnSgapXgoWMIItk5qh+Fjz0rVr9b8uj8HWiVBQWpQoNmvfvUGkmQpFZZwbEw38JWNcqwtI5xOK73MUIXJGA9p11GBU2qifH7uFJ05ZYASqV0Ji+bq74kcp8ZM0th1ptiOzLI3E//zuplNrqOcCZVZKshiUZJxZCWa/Y4GTFNi+cQRTDRztyIywhoT6xKquBCC5ZdXSeuiHvj14P6y1rgp4ijDCZzCOQRwBQ24gyaEQGAMz/AKb57yXrx372PRWvKKmWP4A+/zBzMAj3c=</latexit><latexit sha1_base64="ycZFmT7DM78kSRt+A+PDahNL+Qg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4ruG2hXUs2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTxqGZlpQkMiudSdGBvKmaChZZbTjtIUpzGn7Xh8O/PbT1QbJsWDnSgapXgoWMIItk5qh+Fjz0rVr9b8uj8HWiVBQWpQoNmvfvUGkmQpFZZwbEw38JWNcqwtI5xOK73MUIXJGA9p11GBU2qifH7uFJ05ZYASqV0Ji+bq74kcp8ZM0th1ptiOzLI3E//zuplNrqOcCZVZKshiUZJxZCWa/Y4GTFNi+cQRTDRztyIywhoT6xKquBCC5ZdXSeuiHvj14P6y1rgp4ijDCZzCOQRwBQ24gyaEQGAMz/AKb57yXrx372PRWvKKmWP4A+/zBzMAj3c=</latexit><latexit sha1_base64="ycZFmT7DM78kSRt+A+PDahNL+Qg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4ruG2hXUs2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTxqGZlpQkMiudSdGBvKmaChZZbTjtIUpzGn7Xh8O/PbT1QbJsWDnSgapXgoWMIItk5qh+Fjz0rVr9b8uj8HWiVBQWpQoNmvfvUGkmQpFZZwbEw38JWNcqwtI5xOK73MUIXJGA9p11GBU2qifH7uFJ05ZYASqV0Ji+bq74kcp8ZM0th1ptiOzLI3E//zuplNrqOcCZVZKshiUZJxZCWa/Y4GTFNi+cQRTDRztyIywhoT6xKquBCC5ZdXSeuiHvj14P6y1rgp4ijDCZzCOQRwBQ24gyaEQGAMz/AKb57yXrx372PRWvKKmWP4A+/zBzMAj3c=</latexit><latexit sha1_base64="ycZFmT7DM78kSRt+A+PDahNL+Qg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4ruG2hXUs2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLa+sbmVnm7srO7t39QPTxqGZlpQkMiudSdGBvKmaChZZbTjtIUpzGn7Xh8O/PbT1QbJsWDnSgapXgoWMIItk5qh+Fjz0rVr9b8uj8HWiVBQWpQoNmvfvUGkmQpFZZwbEw38JWNcqwtI5xOK73MUIXJGA9p11GBU2qifH7uFJ05ZYASqV0Ji+bq74kcp8ZM0th1ptiOzLI3E//zuplNrqOcCZVZKshiUZJxZCWa/Y4GTFNi+cQRTDRztyIywhoT6xKquBCC5ZdXSeuiHvj14P6y1rgp4ijDCZzCOQRwBQ24gyaEQGAMz/AKb57yXrx372PRWvKKmWP4A+/zBzMAj3c=</latexit>

(The UV’ case is left for you to 
study and explore)- Define distance function:

Dist(U, U?R) := min
R

kU � U?RkF
<latexit sha1_base64="0S5dBxI4VqHy1zlH2/5yBLu/2zU="></latexit><latexit sha1_base64="0S5dBxI4VqHy1zlH2/5yBLu/2zU="></latexit><latexit sha1_base64="0S5dBxI4VqHy1zlH2/5yBLu/2zU="></latexit><latexit sha1_base64="0S5dBxI4VqHy1zlH2/5yBLu/2zU="></latexit>

(This is the          distance for 
this problem)

k · k]
<latexit sha1_base64="rZjDTGAMA+JN6O04e5C1WAvAnx4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cKthWaEDabTbt0sxt2J2JJ+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8KONMg+t+W5W19Y3Nrep2bWd3b//APqx3tcwVoR0iuVQPEdaUM0E7wIDTh0xRnEac9qLRzczvPVKlmRT3MM5okOKBYAkjGIwU2nV/4pNYgj8JC18Pscqmod1wm+4czirxStJAJdqh/eXHkuQpFUA41rrvuRkEBVbACKfTmp9rmmEywgPaN1TglOqgmN8+dU6NEjuJVKYEOHP190SBU63HaWQ6UwxDvezNxP+8fg7JVVAwkeVABVksSnLugHRmQTgxU5QAHxuCiWLmVoeY/zEBE1fNhOAtv7xKuudNz216dxeN1nUZRxUdoxN0hjx0iVroFrVRBxH0hJ7RK3qzptaL9W59LForVjlzhP7A+vwBxMKU5g==</latexit><latexit sha1_base64="rZjDTGAMA+JN6O04e5C1WAvAnx4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cKthWaEDabTbt0sxt2J2JJ+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8KONMg+t+W5W19Y3Nrep2bWd3b//APqx3tcwVoR0iuVQPEdaUM0E7wIDTh0xRnEac9qLRzczvPVKlmRT3MM5okOKBYAkjGIwU2nV/4pNYgj8JC18Pscqmod1wm+4czirxStJAJdqh/eXHkuQpFUA41rrvuRkEBVbACKfTmp9rmmEywgPaN1TglOqgmN8+dU6NEjuJVKYEOHP190SBU63HaWQ6UwxDvezNxP+8fg7JVVAwkeVABVksSnLugHRmQTgxU5QAHxuCiWLmVoeY/zEBE1fNhOAtv7xKuudNz216dxeN1nUZRxUdoxN0hjx0iVroFrVRBxH0hJ7RK3qzptaL9W59LForVjlzhP7A+vwBxMKU5g==</latexit><latexit sha1_base64="rZjDTGAMA+JN6O04e5C1WAvAnx4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cKthWaEDabTbt0sxt2J2JJ+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8KONMg+t+W5W19Y3Nrep2bWd3b//APqx3tcwVoR0iuVQPEdaUM0E7wIDTh0xRnEac9qLRzczvPVKlmRT3MM5okOKBYAkjGIwU2nV/4pNYgj8JC18Pscqmod1wm+4czirxStJAJdqh/eXHkuQpFUA41rrvuRkEBVbACKfTmp9rmmEywgPaN1TglOqgmN8+dU6NEjuJVKYEOHP190SBU63HaWQ6UwxDvezNxP+8fg7JVVAwkeVABVksSnLugHRmQTgxU5QAHxuCiWLmVoeY/zEBE1fNhOAtv7xKuudNz216dxeN1nUZRxUdoxN0hjx0iVroFrVRBxH0hJ7RK3qzptaL9W59LForVjlzhP7A+vwBxMKU5g==</latexit><latexit sha1_base64="rZjDTGAMA+JN6O04e5C1WAvAnx4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cKthWaEDabTbt0sxt2J2JJ+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8KONMg+t+W5W19Y3Nrep2bWd3b//APqx3tcwVoR0iuVQPEdaUM0E7wIDTh0xRnEac9qLRzczvPVKlmRT3MM5okOKBYAkjGIwU2nV/4pNYgj8JC18Pscqmod1wm+4czirxStJAJdqh/eXHkuQpFUA41rrvuRkEBVbACKfTmp9rmmEywgPaN1TglOqgmN8+dU6NEjuJVKYEOHP190SBU63HaWQ6UwxDvezNxP+8fg7JVVAwkeVABVksSnLugHRmQTgxU5QAHxuCiWLmVoeY/zEBE1fNhOAtv7xKuudNz216dxeN1nUZRxUdoxN0hjx0iVroFrVRBxH0hJ7RK3qzptaL9W59LForVjlzhP7A+vwBxMKU5g==</latexit>



Local convergence guarantees for UU>
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(The UV’ case is left for you to 
study and explore)- Define distance function:

Dist(U, U?R) := min
R

kU � U?RkF
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- Local convergence: we assume we start from a sufficiently good initial point
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 …provides statistical guarantees for specific     .f

 …provides insights for step size selection, proper initialization,
 …covers cases where we do not know the rank parameter a priori,

Impact in practice: Theory…
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Show how the algorithm behaves locally

i.e., if we are sufficiently close to the optimal point.

Provide proper initialization

i.e., how to gets close to points where we know our algorithm behaves well

Convergence to global minimum for non-convex optimization!
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Main result: Proper initialization and global convergence

Goal:    Initialize such that                    is sufficiently close to (U0, V0) (U?, V ?)

 Proposed initialization:

Original space of X

SVD

Factored space U

- Perform one SVD calculation:

- Compute X0 / �rf(0)

X0 = U0V
>
0

THEOREM: GLOBAL CONVERGENCE
If the function     is “well-conditioned” , then non-convex alternating gradient 
descent converges to the global optimum / optima.

f

Condition number: ratio of smoothness over strong convexity parameters



Main result: Proper initialization and global convergence

Goal:    Initialize such that                    is sufficiently close to (U0, V0) (U?, V ?)

 Proposed initialization:

Original space of X

SVD

Factored space U

- Perform one SVD calculation:

- Compute X0 / �rf(0)

X0 = U0V
>
0

PRACTICAL IMPACT

One SVD    vs.    SVD per iteration!
(non-convex) (convex)
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- There are initializations that come with some convergence guarantees

(U0, V0) = SVD (�rf(0n⇥p))
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- What about random initialization?

- Constant step size vs. adaptive step size (Open question for specific f)
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- What if we don’t know the exact rank? (Open question)
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Demo

- What if we don’t know the exact rank? (Open question)



Conclusion

- This lecture considers low-rank model selection in Data Science applications

- While there are rigorous and efficient methods also in the convex domain

   we followed the non-convex path, beyond hard thresholding methods

- We discussed some global convergence guarantees (under proper

   initialization assumptions) and discussed about some open questions

Next lecture
- We will focus on the landscape of non-convex functions,

   starting from simple cases (such as low-rankness), and moving towards

   more generic scenaria


