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Plan

Sampling in Continuous Time via Langevin Dynamics

Discrete-time Algorithm 1: Unadjusted Langevin Algorithm

Discrete-time Algorithm 2: Proximal Sampler

Proof Technique via Strong Data Processing Inequality
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Sampling Problem

Goal: Sample from a probability distribution ν on Rd with density

ν(x) ∝ exp(−f(x))

• Assume f : Rd → R is twice-differentiable

• Assume we can evaluate score function ∇f(x), but don’t
know the normalizing constant

∫
Rd exp(−f(x))dx < ∞.

• Useful for Bayesian inference, numerical integration,
uncertainty quantification, differential privacy, ...

e.g.: pposterior(x | y) ∝ pprior(x) · plikelihood(y | x)
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Optimization and Sampling

Optimization

min
x∈Rd

f(x)

Sampling

ν(x) ∝ exp(−f(x))
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Dynamics and Algorithms for Optimization minx∈Rd f(x)

Gradient Flow (GF)

Gradient Descent (GD) Proximal Point (PP)

xk+1 = xk − η∇f(xk)

·Xt = − ∇f(Xt)

xk+1 = xk − η∇f(xk+1)
= arg min

x∈ℝd
f(x)+ 1

2η ∥x − xk∥2
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Dynamics and Algorithms for Sampling ν ∝ exp(−f)

Langevin Dynamics (LD)

Unadjusted Langevin Algorithm (ULA) Proximal Sampler (PS)

xk+1 = xk − η∇f(xk) + 2η zk

dXt = − ∇f(Xt) dt + 2 dWt

yk = xk + η zk

xk+1 ∼ exp (−f(x)− 1
2η ∥x − yk∥2)

Unadjusted Langevin Algorithm

Unadjusted Langevin Algorithm (ULA) for sampling from ⌫ / e�f :

xk+1 = xk � ⌘rf (xk) +
p

2⌘ zk

Discretization of Langevin dynamics in

continuous time

� Convergence in Wasserstein distance, KL divergence when ⌫ is strongly
log-concave [Dalalyan ’17], [Durmus, Moulines ’18], [Cheng, Bartlett ’18]

� Our results: Convergence in KL and Rényi divergence under isoperimetry

⇤ Relaxation of log-concavity: Stable under perturbations, mapping

⇤ Via continuous-time analysis, sampling as optimization

convex body
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Proof of Convergence under LSI

Theorem [Chen, Chewi, Salim, W. ’22]: If ⌫ satifies ↵-LSI, then

H⌫(⇢k) 
H⌫(⇢0)

(1 + ↵⌘)2k

• Via interpolation along simultaneous heat flow and
simultaneous reverse heat flow

Lemma: If ⌫ is ↵-LSI:

1. H⌫⌘

�
⇢k+ 1

2

�
 H⌫(⇢k)

1 + ↵⌘

2. H⌫(⇢k+1) 
H⌫⌘

�
⇢k+ 1

2

�

1 + ↵⌘

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�t
<latexit sha1_base64="35kPpUMkvbvVmmjZd6vr2P4B+sk=">AAAB/3icbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5O7iZDZmeXmVkhLCn8Alv9Ajux9VNs7PwPJ4/CJB64cDjnXu69J0gE18Z1v5zc2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm4+oNI/lvRkl6Ee0L3nIGTVWqndk2jXdYsktu1OQVeLNSalyUvt+AIBqt/jT6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx67JicW6VHwljZkoZM1b8TGY20HkWB7YyoGehlbyL+57VTE177GZdJalCy2aIwFcTEZPI56XGFzIiRJZQpbm8lbEAVZcbms7AFU4FqXLC5eMsprJLGZdlzy17NBnQDM+ThFM7gAjy4ggrcQRXqwIDDM7zAq/PkvDnvzsesNefMZ45hAc7nLx8cmKU=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="t+Kt0jY7zg5ZY7bAjDTDHFx/cOE=">AAAB/3icbVDLTsJQEJ3iC/GFunTTSExckdaNLoluXGJigQQacnuZwg23t819mJCGhV/gVr/AnXHrp/gB/ocX6ELAk0xycs5MZuZEGWdKe963U9rY3NreKe9W9vYPDo+qxyctlRpJMaApT2UnIgo5Exhopjl2MokkiTi2o/HdzG8/oVQsFY96kmGYkKFgMaNEWynoCdPX/WrNq3tzuOvEL0gNCjT71Z/eIKUmQaEpJ0p1fS/TYU6kZpTjtNIzCjNCx2SIXUsFSVCF+fzYqXthlYEbp9KW0O5c/TuRk0SpSRLZzoTokVr1ZuJ/Xtfo+CbMmciMRkEXi2LDXZ26s8/dAZNINZ9YQqhk9laXjogkVNt8lrag4SinFZuLv5rCOmld1X2v7j94tcZtkVAZzuAcLsGHa2jAPTQhAAoMXuAV3pxn5935cD4XrSWnmDmFJThfv2x2lsA=</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�̃t
<latexit sha1_base64="39It49/KTuyuRTFAeKjA1EKIYT8=">AAACB3icbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnnWTI7MOZXiGEfIBf4FW/wJvk6md48+J/OHkcTGJBQ1HVTTUVJEoact0vZ219Y3NrO7OT3d3bPzjMHR1XTZxqgRURq1jXA25QyQgrJElhPdHIw0BhLejfTfzaE2oj4+iBBgn6Ie9GsiMFJyv5TZKqjaype3GLWrm8W3CnYKvEm5N88Wxc/gaAUiv302zHIg0xIqG4MQ3PTcgfck1SKBxlm6nBhIs+72LD0oiHaPzh9OkRu7BKm3VibSciNlX/Xgx5aMwgDOxmyKlnlr2J+J/XSKlz4w9llKSEkZgFdVLFKGaTBlhbahSkBpZwoaX9lYke11yQ7WkhBVOFepS1vXjLLayS6lXBcwte2RZ0CzNk4BTO4RI8uIYi3EMJKiDgEV7gFd6cZ+fd+XDGs9U1Z35zAgtwPn8Bm+CcSQ==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="vno4fV2L5Wijm8Jbgq4RAk0+I4Y=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiuSuJGl0U3LivYB7ShTCY37dDJJM7cCCX0A/wCt/oF7sStn+EH+B9O2yxs64ELh3Pu5VxOkEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6nfrtJ9BGJOoBxyn4MRsoEQnO0Ep+D4UMgfb0MOljv1J1a+4MdJV4BamSAo1+5acXJjyLQSGXzJiu56bo50yj4BIm5V5mIGV8xAbQtVSxGIyfz56e0HOrhDRKtB2FdKb+vchZbMw4DuxmzHBolr2p+J/XzTC69nOh0gxB8XlQlEmKCZ02QEOhgaMcW8K4FvZXyodMM462p4UUyCToSdn24i23sEpalzXPrXn3brV+UzRUIqfkjFwQj1yROrkjDdIknDySF/JK3pxn5935cD7nq2tOcXNCFuB8/QJgx5oE</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�̃t
<latexit sha1_base64="OGOeFyMmZ98LxgRTF4CIezmEFxk=">AAACBnicbVC7SgNBFL0b3/EVFWxsBoNgFXZttBRtLBWMCtkQZ2fvJkNmZ5eZu0II6f0CW/0CO7H1N2zs/A8nj0ITD1w4nHMv53KiXElLvv/plebmFxaXllfKq2vrG5uVre0bmxVGYF1kKjN3EbeopMY6SVJ4lxvkaaTwNuqeD/3bBzRWZvqaejk2U97WMpGCk5PCkKSKkYW6aFGrUvVr/ghslgQTUj3dvfq6B4DLVuU7jDNRpKhJKG5tI/Bzava5ISkUDsphYTHnosvb2HBU8xRtsz/6ecAOnBKzJDNuNLGR+vuiz1Nre2nkNlNOHTvtDcX/vEZByUmzL3VeEGoxDkoKxShjwwJYLA0KUj1HuDDS/cpEhxsuyNX0JwULhWZQdr0E0y3MkpujWuDXgitX0BmMsQx7sA+HEMAxnMIFXEIdBOTwBM/w4j16r96b9z5eLXmTmx34A+/jB0eTm3k=</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="bhtNMfWI3NmGd53GudM14GauP1Q=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwVRI3uiy6cVnBPqAJZTK5aYdOJmHmRiile7/ArX6BO3Hrb/gB/ofTNgvbeuDC4Zx7OZcTZlIYdN1vp7SxubW9U96t7O0fHB5Vj0/aJs01hxZPZaq7ITMghYIWCpTQzTSwJJTQCUd3M7/zBNqIVD3iOIMgYQMlYsEZWsn3UcgIqK/yPvarNbfuzkHXiVeQGinQ7Fd//CjleQIKuWTG9Dw3w2DCNAouYVrxcwMZ4yM2gJ6liiVggsn85ym9sEpE41TbUUjn6t+LCUuMGSeh3UwYDs2qNxP/83o5xjfBRKgsR1B8ERTnkmJKZwXQSGjgKMeWMK6F/ZXyIdOMo61pKQVyCXpasb14qy2sk/ZV3XPr3oNba9wWDZXJGTknl8Qj16RB7kmTtAgnGXkhr+TNeXbenQ/nc7FacoqbU7IE5+sXlO2ZlA==</latexit>

�t
<latexit sha1_base64="R0tk3OOlHoua/yDIPxnYUtODmHs=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzumUyi6JXcCsky8GSmWTz6q3wBQ6RR+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Nrh2RM6t0SRgrW9KQifp3IqOR1sMosJ0RNX296I3F/7xWasIrP+MySQ1KNl0UpoKYmIxfJ12ukBkxtIQyxe2thPWposzYgOa2YCpQjfI2F28xhWVSvyh5bsmr2oCuYYocHMMpnIMHl1CGW6hADRjcwxM8w4vz6Lw6b877tHXFmc0cwRycz19wzZl1</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="RNFTTCEdekTfumj98QiBGGJbatM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmeoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFiRQWff/bW1vf2NzaLuwUd/f2Dw5LR8cNq1PDoc611KYVMgtSKKijQAmtxACLQwnNcHQ79ZtPYKzQ6gHHCXRjNlAiEpyhkxodM9Q97JXKfsWfga6SICdlkqPWK/10+pqnMSjkklnbDvwEuxkzKLiESbGTWkgYH7EBtB1VLAbbzWbXTui5U/o00saVQjpT/05kLLZ2HIeuM2Y4tMveVPzPa6cYXXczoZIUQfH5oiiVFDWdvk77wgBHOXaEcSPcrZQPmWEcXUALWyCVYCZFl0uwnMIqaVxWAr8S3Pvl6k2eUIGckjNyQQJyRarkjtRInXDySF7IK3nznr1378P7nLeuefnMCVmA9/ULNbSXMA==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

) (new!) optimal convergence rate for proximal point under PL

Technique 1: Continuous time
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<latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit>
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◆

<latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit>

f convex
<latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit>

Gradient descent
<latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit>

Gradient flow
<latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit>

continuous-time

dynamics
<latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit>

discrete-tim
e

algorithms
<latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit>

discretize
<latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit>

� � 0
<latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit>

xk+1 � xk

�
= �rf(xk)

<latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit>

t = �k
<latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit>
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Sampling via Langevin Dynamics
To sample from ν ∝ e−f , the Langevin dynamics is the SDE:

dXt = −∇f(Xt) dt+
√
2 dWt

where (Wt)t≥0 is the standard Brownian motion on Rd.

• Target distribution ν is stationary, and Xt ∼ ρt → ν as t → ∞
• Density ρt : Rd → R evolves via the Fokker-Planck equation:

∂ρt
∂t

= ∇ · (ρt∇f) + ∆ρt = ∇ ·
(
ρt∇ log

ρt
ν

)

• Optimization meaning: In the space of probability distributions
P(Rd) with Wasserstein W2 metric, this is gradient flow for
minimizing KL divergence [Jordan, Kinderlehrer, Otto ’98]

ρ̇t = −gradW2
KL(ρt ∥ ν)
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KL Divergence, Fisher Information, De Bruijn’s Identity

• Kullback-Leibler (KL) Divergence between ρ and ν on Rd is:

KL(ρ ∥ ν) = Eρ

[
log

ρ

ν

]

◦ KL(ρ ∥ ν) ≥ 0, and KL(ρ ∥ ν) = 0 iff ρ = ν.

• The Relative Fisher Information between ρ and ν on Rd is:

FI(ρ ∥ ν) = Eρ

[∥∥∥∇ log
ρ

ν

∥∥∥
2
]

• de Bruijn’s identity: If ρt evolves along Langevin dynamics:

d

dt
KL(ρt ∥ ν) = −FI(ρt ∥ ν)
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Definitions: SLC and LSI Distributions

Def: ν ∝ e−f is α-strongly log-concave (SLC)

if f is α-strongly convex (∇2f(x) ⪰ αI).

convex body

Optimization meaning: ρ 7→ KL(ρ ∥ ν) is α-strongly convex on (P(Rd),W2).

Def: ν satisfies α-log-Sobolev inequality (LSI)
if for all probability distributions ρ ≪ ν:

FI(ρ ∥ ν) ≥ 2αKL(ρ ∥ ν)

◦ Optimization meaning: α-Polyak- Lojaciewicz (PL) condition:

∥gradW2,ρ KL(ρ ∥ ν)∥2ρ ≥ 2αKL(ρ ∥ ν).

◦ Lemma: α-SLC ⇒ α-LSI [Bakry-Émery ’85]

◦ LSI is stable under bounded perturbation [Holley-Stroock], Lipschitz mapping
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Mixing Time of Langevin Dynamics

dXt = −∇f(Xt) dt+
√
2 dWt

If ν is α-strongly log-concave (f is α-strongly convex), then:

◦ Contraction in W2 distance: If ρt, γt evolve along Langevin:

W2(ρt, γt)
2 ≤ e−2αtW2(ρ0, γ0)

2

◦ Convergence in relative Fisher information to ν ∝ e−f :

FI(ρt ∥ ν) ≤ e−2αt FI(ρ0 ∥ ν)

If ν satisfies α-log-Sobolev inequality (LSI), then:

◦ Exponential convergence in KL (also Rényi) divergence:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)
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Mixing Time of Langevin Dynamics: Optimization View

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν is α-strongly log-concave:

W2(ρt, γt)
2 ≤ e−2αtW2(ρ0, γ0)

2

◦ ν is α-strongly log-concave:

FI(ρt ∥ ν) ≤ e−2αt FI(ρ0 ∥ ν)

◦ ν satisfies α-LSI:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F is α-strongly convex:

∥Xt − Yt∥2 ≤ e−2αt ∥X0 − Y0∥2

◦ F is α-strongly convex:

∥∇F (Xt)∥2 ≤ e−2αt ∥∇F (X0)∥2

◦ F satisfies α-PL (minF = 0):

F (Xt) ≤ e−2αt F (X0)
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Mixing Time of Langevin Dynamics: To Discrete Time?

dXt = −∇f(Xt) dt+
√
2 dWt

Langevin Dynamics (LD)

Unadjusted Langevin Algorithm (ULA) Proximal Sampler (PS)

xk+1 = xk − η∇f(xk) + 2η zk

dXt = − ∇f(Xt) dt + 2 dWt

yk = xk + η zk

xk+1 ∼ exp (−f(x)− 1
2η ∥x − yk∥2)

Unadjusted Langevin Algorithm

Unadjusted Langevin Algorithm (ULA) for sampling from ⌫ / e�f :

xk+1 = xk � ⌘rf (xk) +
p

2⌘ zk

Discretization of Langevin dynamics in

continuous time

� Convergence in Wasserstein distance, KL divergence when ⌫ is strongly
log-concave [Dalalyan ’17], [Durmus, Moulines ’18], [Cheng, Bartlett ’18]

� Our results: Convergence in KL and Rényi divergence under isoperimetry

⇤ Relaxation of log-concavity: Stable under perturbations, mapping

⇤ Via continuous-time analysis, sampling as optimization

convex body

25 / 38

37/39

Proof of Convergence under LSI

Theorem [Chen, Chewi, Salim, W. ’22]: If ⌫ satifies ↵-LSI, then

H⌫(⇢k) 
H⌫(⇢0)

(1 + ↵⌘)2k

• Via interpolation along simultaneous heat flow and
simultaneous reverse heat flow

Lemma: If ⌫ is ↵-LSI:

1. H⌫⌘

�
⇢k+ 1

2

�
 H⌫(⇢k)

1 + ↵⌘

2. H⌫(⇢k+1) 
H⌫⌘

�
⇢k+ 1

2

�

1 + ↵⌘

�k
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2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�t
<latexit sha1_base64="35kPpUMkvbvVmmjZd6vr2P4B+sk=">AAAB/3icbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5O7iZDZmeXmVkhLCn8Alv9Ajux9VNs7PwPJ4/CJB64cDjnXu69J0gE18Z1v5zc2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm4+oNI/lvRkl6Ee0L3nIGTVWqndk2jXdYsktu1OQVeLNSalyUvt+AIBqt/jT6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx67JicW6VHwljZkoZM1b8TGY20HkWB7YyoGehlbyL+57VTE177GZdJalCy2aIwFcTEZPI56XGFzIiRJZQpbm8lbEAVZcbms7AFU4FqXLC5eMsprJLGZdlzy17NBnQDM+ThFM7gAjy4ggrcQRXqwIDDM7zAq/PkvDnvzsesNefMZ45hAc7nLx8cmKU=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="t+Kt0jY7zg5ZY7bAjDTDHFx/cOE=">AAAB/3icbVDLTsJQEJ3iC/GFunTTSExckdaNLoluXGJigQQacnuZwg23t819mJCGhV/gVr/AnXHrp/gB/ocX6ELAk0xycs5MZuZEGWdKe963U9rY3NreKe9W9vYPDo+qxyctlRpJMaApT2UnIgo5Exhopjl2MokkiTi2o/HdzG8/oVQsFY96kmGYkKFgMaNEWynoCdPX/WrNq3tzuOvEL0gNCjT71Z/eIKUmQaEpJ0p1fS/TYU6kZpTjtNIzCjNCx2SIXUsFSVCF+fzYqXthlYEbp9KW0O5c/TuRk0SpSRLZzoTokVr1ZuJ/Xtfo+CbMmciMRkEXi2LDXZ26s8/dAZNINZ9YQqhk9laXjogkVNt8lrag4SinFZuLv5rCOmld1X2v7j94tcZtkVAZzuAcLsGHa2jAPTQhAAoMXuAV3pxn5935cD4XrSWnmDmFJThfv2x2lsA=</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�̃t
<latexit sha1_base64="39It49/KTuyuRTFAeKjA1EKIYT8=">AAACB3icbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnnWTI7MOZXiGEfIBf4FW/wJvk6md48+J/OHkcTGJBQ1HVTTUVJEoact0vZ219Y3NrO7OT3d3bPzjMHR1XTZxqgRURq1jXA25QyQgrJElhPdHIw0BhLejfTfzaE2oj4+iBBgn6Ie9GsiMFJyv5TZKqjaype3GLWrm8W3CnYKvEm5N88Wxc/gaAUiv302zHIg0xIqG4MQ3PTcgfck1SKBxlm6nBhIs+72LD0oiHaPzh9OkRu7BKm3VibSciNlX/Xgx5aMwgDOxmyKlnlr2J+J/XSKlz4w9llKSEkZgFdVLFKGaTBlhbahSkBpZwoaX9lYke11yQ7WkhBVOFepS1vXjLLayS6lXBcwte2RZ0CzNk4BTO4RI8uIYi3EMJKiDgEV7gFd6cZ+fd+XDGs9U1Z35zAgtwPn8Bm+CcSQ==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="vno4fV2L5Wijm8Jbgq4RAk0+I4Y=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiuSuJGl0U3LivYB7ShTCY37dDJJM7cCCX0A/wCt/oF7sStn+EH+B9O2yxs64ELh3Pu5VxOkEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6nfrtJ9BGJOoBxyn4MRsoEQnO0Ep+D4UMgfb0MOljv1J1a+4MdJV4BamSAo1+5acXJjyLQSGXzJiu56bo50yj4BIm5V5mIGV8xAbQtVSxGIyfz56e0HOrhDRKtB2FdKb+vchZbMw4DuxmzHBolr2p+J/XzTC69nOh0gxB8XlQlEmKCZ02QEOhgaMcW8K4FvZXyodMM462p4UUyCToSdn24i23sEpalzXPrXn3brV+UzRUIqfkjFwQj1yROrkjDdIknDySF/JK3pxn5935cD7nq2tOcXNCFuB8/QJgx5oE</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�̃t
<latexit sha1_base64="OGOeFyMmZ98LxgRTF4CIezmEFxk=">AAACBnicbVC7SgNBFL0b3/EVFWxsBoNgFXZttBRtLBWMCtkQZ2fvJkNmZ5eZu0II6f0CW/0CO7H1N2zs/A8nj0ITD1w4nHMv53KiXElLvv/plebmFxaXllfKq2vrG5uVre0bmxVGYF1kKjN3EbeopMY6SVJ4lxvkaaTwNuqeD/3bBzRWZvqaejk2U97WMpGCk5PCkKSKkYW6aFGrUvVr/ghslgQTUj3dvfq6B4DLVuU7jDNRpKhJKG5tI/Bzava5ISkUDsphYTHnosvb2HBU8xRtsz/6ecAOnBKzJDNuNLGR+vuiz1Nre2nkNlNOHTvtDcX/vEZByUmzL3VeEGoxDkoKxShjwwJYLA0KUj1HuDDS/cpEhxsuyNX0JwULhWZQdr0E0y3MkpujWuDXgitX0BmMsQx7sA+HEMAxnMIFXEIdBOTwBM/w4j16r96b9z5eLXmTmx34A+/jB0eTm3k=</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="bhtNMfWI3NmGd53GudM14GauP1Q=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwVRI3uiy6cVnBPqAJZTK5aYdOJmHmRiile7/ArX6BO3Hrb/gB/ofTNgvbeuDC4Zx7OZcTZlIYdN1vp7SxubW9U96t7O0fHB5Vj0/aJs01hxZPZaq7ITMghYIWCpTQzTSwJJTQCUd3M7/zBNqIVD3iOIMgYQMlYsEZWsn3UcgIqK/yPvarNbfuzkHXiVeQGinQ7Fd//CjleQIKuWTG9Dw3w2DCNAouYVrxcwMZ4yM2gJ6liiVggsn85ym9sEpE41TbUUjn6t+LCUuMGSeh3UwYDs2qNxP/83o5xjfBRKgsR1B8ERTnkmJKZwXQSGjgKMeWMK6F/ZXyIdOMo61pKQVyCXpasb14qy2sk/ZV3XPr3oNba9wWDZXJGTknl8Qj16RB7kmTtAgnGXkhr+TNeXbenQ/nc7FacoqbU7IE5+sXlO2ZlA==</latexit>

�t
<latexit sha1_base64="R0tk3OOlHoua/yDIPxnYUtODmHs=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzumUyi6JXcCsky8GSmWTz6q3wBQ6RR+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Nrh2RM6t0SRgrW9KQifp3IqOR1sMosJ0RNX296I3F/7xWasIrP+MySQ1KNl0UpoKYmIxfJ12ukBkxtIQyxe2thPWposzYgOa2YCpQjfI2F28xhWVSvyh5bsmr2oCuYYocHMMpnIMHl1CGW6hADRjcwxM8w4vz6Lw6b877tHXFmc0cwRycz19wzZl1</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="RNFTTCEdekTfumj98QiBGGJbatM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmeoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFiRQWff/bW1vf2NzaLuwUd/f2Dw5LR8cNq1PDoc611KYVMgtSKKijQAmtxACLQwnNcHQ79ZtPYKzQ6gHHCXRjNlAiEpyhkxodM9Q97JXKfsWfga6SICdlkqPWK/10+pqnMSjkklnbDvwEuxkzKLiESbGTWkgYH7EBtB1VLAbbzWbXTui5U/o00saVQjpT/05kLLZ2HIeuM2Y4tMveVPzPa6cYXXczoZIUQfH5oiiVFDWdvk77wgBHOXaEcSPcrZQPmWEcXUALWyCVYCZFl0uwnMIqaVxWAr8S3Pvl6k2eUIGckjNyQQJyRarkjtRInXDySF7IK3nznr1378P7nLeuefnMCVmA9/ULNbSXMA==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

) (new!) optimal convergence rate for proximal point under PL

Technique 1: Continuous time
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◆

<latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit>
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◆

<latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit>

f convex
<latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit>

Gradient descent
<latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit>

Gradient flow
<latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit>

continuous-time

dynamics
<latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit>

discrete-tim
e

algorithms
<latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit>

discretize
<latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit>

� � 0
<latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit>

xk+1 � xk

�
= �rf(xk)

<latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit>

t = �k
<latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit>

f convex, smooth
<latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit><latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit><latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit>
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Good mixing time of Langevin dynamics under SLC/LSI

◦ (⇔ Convergence of Gradient flow under strong convexity/PL)

◦ Langevin also has good convergence in Rényi and Φ-divergence

But these are in continuous time! What about in discrete time?

1. Unadjusted Langevin Algorithm, which is explicit but biased.

2. Proximal Sampler, which is implicit but unbiased.

Langevin Dynamics (LD)

Unadjusted Langevin Algorithm (ULA) Proximal Sampler (PS)

xk+1 = xk − η∇f(xk) + 2η zk

dXt = − ∇f(Xt) dt + 2 dWt

yk = xk + η zk

xk+1 ∼ exp (−f(x)− 1
2η ∥x − yk∥2)

Unadjusted Langevin Algorithm

Unadjusted Langevin Algorithm (ULA) for sampling from ⌫ / e�f :

xk+1 = xk � ⌘rf (xk) +
p

2⌘ zk

Discretization of Langevin dynamics in

continuous time

� Convergence in Wasserstein distance, KL divergence when ⌫ is strongly
log-concave [Dalalyan ’17], [Durmus, Moulines ’18], [Cheng, Bartlett ’18]

� Our results: Convergence in KL and Rényi divergence under isoperimetry

⇤ Relaxation of log-concavity: Stable under perturbations, mapping

⇤ Via continuous-time analysis, sampling as optimization

convex body
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Proof of Convergence under LSI

Theorem [Chen, Chewi, Salim, W. ’22]: If ⌫ satifies ↵-LSI, then

H⌫(⇢k) 
H⌫(⇢0)

(1 + ↵⌘)2k

• Via interpolation along simultaneous heat flow and
simultaneous reverse heat flow

Lemma: If ⌫ is ↵-LSI:

1. H⌫⌘

�
⇢k+ 1

2

�
 H⌫(⇢k)

1 + ↵⌘

2. H⌫(⇢k+1) 
H⌫⌘

�
⇢k+ 1

2

�

1 + ↵⌘

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>
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2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>
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<latexit sha1_base64="35kPpUMkvbvVmmjZd6vr2P4B+sk=">AAAB/3icbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5O7iZDZmeXmVkhLCn8Alv9Ajux9VNs7PwPJ4/CJB64cDjnXu69J0gE18Z1v5zc2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm4+oNI/lvRkl6Ee0L3nIGTVWqndk2jXdYsktu1OQVeLNSalyUvt+AIBqt/jT6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx67JicW6VHwljZkoZM1b8TGY20HkWB7YyoGehlbyL+57VTE177GZdJalCy2aIwFcTEZPI56XGFzIiRJZQpbm8lbEAVZcbms7AFU4FqXLC5eMsprJLGZdlzy17NBnQDM+ThFM7gAjy4ggrcQRXqwIDDM7zAq/PkvDnvzsesNefMZ45hAc7nLx8cmKU=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="t+Kt0jY7zg5ZY7bAjDTDHFx/cOE=">AAAB/3icbVDLTsJQEJ3iC/GFunTTSExckdaNLoluXGJigQQacnuZwg23t819mJCGhV/gVr/AnXHrp/gB/ocX6ELAk0xycs5MZuZEGWdKe963U9rY3NreKe9W9vYPDo+qxyctlRpJMaApT2UnIgo5Exhopjl2MokkiTi2o/HdzG8/oVQsFY96kmGYkKFgMaNEWynoCdPX/WrNq3tzuOvEL0gNCjT71Z/eIKUmQaEpJ0p1fS/TYU6kZpTjtNIzCjNCx2SIXUsFSVCF+fzYqXthlYEbp9KW0O5c/TuRk0SpSRLZzoTokVr1ZuJ/Xtfo+CbMmciMRkEXi2LDXZ26s8/dAZNINZ9YQqhk9laXjogkVNt8lrag4SinFZuLv5rCOmld1X2v7j94tcZtkVAZzuAcLsGHa2jAPTQhAAoMXuAV3pxn5935cD4XrSWnmDmFJThfv2x2lsA=</latexit>
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<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>
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<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>
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�̃t
<latexit sha1_base64="39It49/KTuyuRTFAeKjA1EKIYT8=">AAACB3icbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnnWTI7MOZXiGEfIBf4FW/wJvk6md48+J/OHkcTGJBQ1HVTTUVJEoact0vZ219Y3NrO7OT3d3bPzjMHR1XTZxqgRURq1jXA25QyQgrJElhPdHIw0BhLejfTfzaE2oj4+iBBgn6Ie9GsiMFJyv5TZKqjaype3GLWrm8W3CnYKvEm5N88Wxc/gaAUiv302zHIg0xIqG4MQ3PTcgfck1SKBxlm6nBhIs+72LD0oiHaPzh9OkRu7BKm3VibSciNlX/Xgx5aMwgDOxmyKlnlr2J+J/XSKlz4w9llKSEkZgFdVLFKGaTBlhbahSkBpZwoaX9lYke11yQ7WkhBVOFepS1vXjLLayS6lXBcwte2RZ0CzNk4BTO4RI8uIYi3EMJKiDgEV7gFd6cZ+fd+XDGs9U1Z35zAgtwPn8Bm+CcSQ==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="vno4fV2L5Wijm8Jbgq4RAk0+I4Y=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiuSuJGl0U3LivYB7ShTCY37dDJJM7cCCX0A/wCt/oF7sStn+EH+B9O2yxs64ELh3Pu5VxOkEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6nfrtJ9BGJOoBxyn4MRsoEQnO0Ep+D4UMgfb0MOljv1J1a+4MdJV4BamSAo1+5acXJjyLQSGXzJiu56bo50yj4BIm5V5mIGV8xAbQtVSxGIyfz56e0HOrhDRKtB2FdKb+vchZbMw4DuxmzHBolr2p+J/XzTC69nOh0gxB8XlQlEmKCZ02QEOhgaMcW8K4FvZXyodMM462p4UUyCToSdn24i23sEpalzXPrXn3brV+UzRUIqfkjFwQj1yROrkjDdIknDySF/JK3pxn5935cD7nq2tOcXNCFuB8/QJgx5oE</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�̃t
<latexit sha1_base64="OGOeFyMmZ98LxgRTF4CIezmEFxk=">AAACBnicbVC7SgNBFL0b3/EVFWxsBoNgFXZttBRtLBWMCtkQZ2fvJkNmZ5eZu0II6f0CW/0CO7H1N2zs/A8nj0ITD1w4nHMv53KiXElLvv/plebmFxaXllfKq2vrG5uVre0bmxVGYF1kKjN3EbeopMY6SVJ4lxvkaaTwNuqeD/3bBzRWZvqaejk2U97WMpGCk5PCkKSKkYW6aFGrUvVr/ghslgQTUj3dvfq6B4DLVuU7jDNRpKhJKG5tI/Bzava5ISkUDsphYTHnosvb2HBU8xRtsz/6ecAOnBKzJDNuNLGR+vuiz1Nre2nkNlNOHTvtDcX/vEZByUmzL3VeEGoxDkoKxShjwwJYLA0KUj1HuDDS/cpEhxsuyNX0JwULhWZQdr0E0y3MkpujWuDXgitX0BmMsQx7sA+HEMAxnMIFXEIdBOTwBM/w4j16r96b9z5eLXmTmx34A+/jB0eTm3k=</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="bhtNMfWI3NmGd53GudM14GauP1Q=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwVRI3uiy6cVnBPqAJZTK5aYdOJmHmRiile7/ArX6BO3Hrb/gB/ofTNgvbeuDC4Zx7OZcTZlIYdN1vp7SxubW9U96t7O0fHB5Vj0/aJs01hxZPZaq7ITMghYIWCpTQzTSwJJTQCUd3M7/zBNqIVD3iOIMgYQMlYsEZWsn3UcgIqK/yPvarNbfuzkHXiVeQGinQ7Fd//CjleQIKuWTG9Dw3w2DCNAouYVrxcwMZ4yM2gJ6liiVggsn85ym9sEpE41TbUUjn6t+LCUuMGSeh3UwYDs2qNxP/83o5xjfBRKgsR1B8ERTnkmJKZwXQSGjgKMeWMK6F/ZXyIdOMo61pKQVyCXpasb14qy2sk/ZV3XPr3oNba9wWDZXJGTknl8Qj16RB7kmTtAgnGXkhr+TNeXbenQ/nc7FacoqbU7IE5+sXlO2ZlA==</latexit>

�t
<latexit sha1_base64="R0tk3OOlHoua/yDIPxnYUtODmHs=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzumUyi6JXcCsky8GSmWTz6q3wBQ6RR+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Nrh2RM6t0SRgrW9KQifp3IqOR1sMosJ0RNX296I3F/7xWasIrP+MySQ1KNl0UpoKYmIxfJ12ukBkxtIQyxe2thPWposzYgOa2YCpQjfI2F28xhWVSvyh5bsmr2oCuYYocHMMpnIMHl1CGW6hADRjcwxM8w4vz6Lw6b877tHXFmc0cwRycz19wzZl1</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="RNFTTCEdekTfumj98QiBGGJbatM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmeoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFiRQWff/bW1vf2NzaLuwUd/f2Dw5LR8cNq1PDoc611KYVMgtSKKijQAmtxACLQwnNcHQ79ZtPYKzQ6gHHCXRjNlAiEpyhkxodM9Q97JXKfsWfga6SICdlkqPWK/10+pqnMSjkklnbDvwEuxkzKLiESbGTWkgYH7EBtB1VLAbbzWbXTui5U/o00saVQjpT/05kLLZ2HIeuM2Y4tMveVPzPa6cYXXczoZIUQfH5oiiVFDWdvk77wgBHOXaEcSPcrZQPmWEcXUALWyCVYCZFl0uwnMIqaVxWAr8S3Pvl6k2eUIGckjNyQQJyRarkjtRInXDySF7IK3nznr1378P7nLeuefnMCVmA9/ULNbSXMA==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

) (new!) optimal convergence rate for proximal point under PL

Technique 1: Continuous time
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◆

<latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit>

O

✓
1

t

◆

<latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit>

f convex
<latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit>

Gradient descent
<latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit>

Gradient flow
<latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit>

continuous-time

dynamics
<latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit>

discrete-tim
e

algorithms
<latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit>

discretize
<latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit>
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Plan

Sampling in Continuous Time via Langevin Dynamics

Discrete-time Algorithm 1: Unadjusted Langevin Algorithm

Discrete-time Algorithm 2: Proximal Sampler

Proof Technique via Strong Data Processing Inequality
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Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F satisfies α-PL (minF = 0):

F (Xt) ≤ e−2αt F (X0)

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν satisfies α-LSI:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)

Gradient Descent:

xk+1 = xk − η∇F (xk)

◦ F is α-PL & L-smooth, η ≤ 1
2L :

F (xk) ≤ (1− αη)k F (x0)

?
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Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F satisfies α-PL (minF = 0):

F (Xt) ≤ e−2αt F (X0)

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν satisfies α-LSI:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)

Gradient Descent:

xk+1 = xk − η∇F (xk)

◦ F is α-PL & L-smooth, η ≤ 1
2L :

F (xk) ≤ (1− αη)k F (x0)

Unadjusted Langevin Algorithm?

Langevin Dynamics (LD)

Unadjusted Langevin Algorithm (ULA) Proximal Sampler (PS)

xk+1 = xk − η∇f(xk) + 2η zk

dXt = − ∇f(Xt) dt + 2 dWt

yk = xk + η zk

xk+1 ∼ exp (−f(x)− 1
2η ∥x − yk∥2)

Unadjusted Langevin Algorithm

Unadjusted Langevin Algorithm (ULA) for sampling from ⌫ / e�f :

xk+1 = xk � ⌘rf (xk) +
p

2⌘ zk

Discretization of Langevin dynamics in

continuous time

� Convergence in Wasserstein distance, KL divergence when ⌫ is strongly
log-concave [Dalalyan ’17], [Durmus, Moulines ’18], [Cheng, Bartlett ’18]

� Our results: Convergence in KL and Rényi divergence under isoperimetry

⇤ Relaxation of log-concavity: Stable under perturbations, mapping

⇤ Via continuous-time analysis, sampling as optimization

convex body
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Proof of Convergence under LSI

Theorem [Chen, Chewi, Salim, W. ’22]: If ⌫ satifies ↵-LSI, then

H⌫(⇢k) 
H⌫(⇢0)

(1 + ↵⌘)2k

• Via interpolation along simultaneous heat flow and
simultaneous reverse heat flow

Lemma: If ⌫ is ↵-LSI:

1. H⌫⌘

�
⇢k+ 1

2

�
 H⌫(⇢k)

1 + ↵⌘

2. H⌫(⇢k+1) 
H⌫⌘

�
⇢k+ 1

2

�

1 + ↵⌘

�k
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��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�t
<latexit sha1_base64="35kPpUMkvbvVmmjZd6vr2P4B+sk=">AAAB/3icbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5O7iZDZmeXmVkhLCn8Alv9Ajux9VNs7PwPJ4/CJB64cDjnXu69J0gE18Z1v5zc2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm4+oNI/lvRkl6Ee0L3nIGTVWqndk2jXdYsktu1OQVeLNSalyUvt+AIBqt/jT6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx67JicW6VHwljZkoZM1b8TGY20HkWB7YyoGehlbyL+57VTE177GZdJalCy2aIwFcTEZPI56XGFzIiRJZQpbm8lbEAVZcbms7AFU4FqXLC5eMsprJLGZdlzy17NBnQDM+ThFM7gAjy4ggrcQRXqwIDDM7zAq/PkvDnvzsesNefMZ45hAc7nLx8cmKU=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="t+Kt0jY7zg5ZY7bAjDTDHFx/cOE=">AAAB/3icbVDLTsJQEJ3iC/GFunTTSExckdaNLoluXGJigQQacnuZwg23t819mJCGhV/gVr/AnXHrp/gB/ocX6ELAk0xycs5MZuZEGWdKe963U9rY3NreKe9W9vYPDo+qxyctlRpJMaApT2UnIgo5Exhopjl2MokkiTi2o/HdzG8/oVQsFY96kmGYkKFgMaNEWynoCdPX/WrNq3tzuOvEL0gNCjT71Z/eIKUmQaEpJ0p1fS/TYU6kZpTjtNIzCjNCx2SIXUsFSVCF+fzYqXthlYEbp9KW0O5c/TuRk0SpSRLZzoTokVr1ZuJ/Xtfo+CbMmciMRkEXi2LDXZ26s8/dAZNINZ9YQqhk9laXjogkVNt8lrag4SinFZuLv5rCOmld1X2v7j94tcZtkVAZzuAcLsGHa2jAPTQhAAoMXuAV3pxn5935cD4XrSWnmDmFJThfv2x2lsA=</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�̃t
<latexit sha1_base64="39It49/KTuyuRTFAeKjA1EKIYT8=">AAACB3icbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnnWTI7MOZXiGEfIBf4FW/wJvk6md48+J/OHkcTGJBQ1HVTTUVJEoact0vZ219Y3NrO7OT3d3bPzjMHR1XTZxqgRURq1jXA25QyQgrJElhPdHIw0BhLejfTfzaE2oj4+iBBgn6Ie9GsiMFJyv5TZKqjaype3GLWrm8W3CnYKvEm5N88Wxc/gaAUiv302zHIg0xIqG4MQ3PTcgfck1SKBxlm6nBhIs+72LD0oiHaPzh9OkRu7BKm3VibSciNlX/Xgx5aMwgDOxmyKlnlr2J+J/XSKlz4w9llKSEkZgFdVLFKGaTBlhbahSkBpZwoaX9lYke11yQ7WkhBVOFepS1vXjLLayS6lXBcwte2RZ0CzNk4BTO4RI8uIYi3EMJKiDgEV7gFd6cZ+fd+XDGs9U1Z35zAgtwPn8Bm+CcSQ==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="vno4fV2L5Wijm8Jbgq4RAk0+I4Y=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiuSuJGl0U3LivYB7ShTCY37dDJJM7cCCX0A/wCt/oF7sStn+EH+B9O2yxs64ELh3Pu5VxOkEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6nfrtJ9BGJOoBxyn4MRsoEQnO0Ep+D4UMgfb0MOljv1J1a+4MdJV4BamSAo1+5acXJjyLQSGXzJiu56bo50yj4BIm5V5mIGV8xAbQtVSxGIyfz56e0HOrhDRKtB2FdKb+vchZbMw4DuxmzHBolr2p+J/XzTC69nOh0gxB8XlQlEmKCZ02QEOhgaMcW8K4FvZXyodMM462p4UUyCToSdn24i23sEpalzXPrXn3brV+UzRUIqfkjFwQj1yROrkjDdIknDySF/JK3pxn5935cD7nq2tOcXNCFuB8/QJgx5oE</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�̃t
<latexit sha1_base64="OGOeFyMmZ98LxgRTF4CIezmEFxk=">AAACBnicbVC7SgNBFL0b3/EVFWxsBoNgFXZttBRtLBWMCtkQZ2fvJkNmZ5eZu0II6f0CW/0CO7H1N2zs/A8nj0ITD1w4nHMv53KiXElLvv/plebmFxaXllfKq2vrG5uVre0bmxVGYF1kKjN3EbeopMY6SVJ4lxvkaaTwNuqeD/3bBzRWZvqaejk2U97WMpGCk5PCkKSKkYW6aFGrUvVr/ghslgQTUj3dvfq6B4DLVuU7jDNRpKhJKG5tI/Bzava5ISkUDsphYTHnosvb2HBU8xRtsz/6ecAOnBKzJDNuNLGR+vuiz1Nre2nkNlNOHTvtDcX/vEZByUmzL3VeEGoxDkoKxShjwwJYLA0KUj1HuDDS/cpEhxsuyNX0JwULhWZQdr0E0y3MkpujWuDXgitX0BmMsQx7sA+HEMAxnMIFXEIdBOTwBM/w4j16r96b9z5eLXmTmx34A+/jB0eTm3k=</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="bhtNMfWI3NmGd53GudM14GauP1Q=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwVRI3uiy6cVnBPqAJZTK5aYdOJmHmRiile7/ArX6BO3Hrb/gB/ofTNgvbeuDC4Zx7OZcTZlIYdN1vp7SxubW9U96t7O0fHB5Vj0/aJs01hxZPZaq7ITMghYIWCpTQzTSwJJTQCUd3M7/zBNqIVD3iOIMgYQMlYsEZWsn3UcgIqK/yPvarNbfuzkHXiVeQGinQ7Fd//CjleQIKuWTG9Dw3w2DCNAouYVrxcwMZ4yM2gJ6liiVggsn85ym9sEpE41TbUUjn6t+LCUuMGSeh3UwYDs2qNxP/83o5xjfBRKgsR1B8ERTnkmJKZwXQSGjgKMeWMK6F/ZXyIdOMo61pKQVyCXpasb14qy2sk/ZV3XPr3oNba9wWDZXJGTknl8Qj16RB7kmTtAgnGXkhr+TNeXbenQ/nc7FacoqbU7IE5+sXlO2ZlA==</latexit>

�t
<latexit sha1_base64="R0tk3OOlHoua/yDIPxnYUtODmHs=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzumUyi6JXcCsky8GSmWTz6q3wBQ6RR+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Nrh2RM6t0SRgrW9KQifp3IqOR1sMosJ0RNX296I3F/7xWasIrP+MySQ1KNl0UpoKYmIxfJ12ukBkxtIQyxe2thPWposzYgOa2YCpQjfI2F28xhWVSvyh5bsmr2oCuYYocHMMpnIMHl1CGW6hADRjcwxM8w4vz6Lw6b877tHXFmc0cwRycz19wzZl1</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="RNFTTCEdekTfumj98QiBGGJbatM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmeoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFiRQWff/bW1vf2NzaLuwUd/f2Dw5LR8cNq1PDoc611KYVMgtSKKijQAmtxACLQwnNcHQ79ZtPYKzQ6gHHCXRjNlAiEpyhkxodM9Q97JXKfsWfga6SICdlkqPWK/10+pqnMSjkklnbDvwEuxkzKLiESbGTWkgYH7EBtB1VLAbbzWbXTui5U/o00saVQjpT/05kLLZ2HIeuM2Y4tMveVPzPa6cYXXczoZIUQfH5oiiVFDWdvk77wgBHOXaEcSPcrZQPmWEcXUALWyCVYCZFl0uwnMIqaVxWAr8S3Pvl6k2eUIGckjNyQQJyRarkjtRInXDySF7IK3nznr1378P7nLeuefnMCVmA9/ULNbSXMA==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

) (new!) optimal convergence rate for proximal point under PL

Technique 1: Continuous time
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<latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit>

O

✓
1

t

◆

<latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit>

f convex
<latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit>

Gradient descent
<latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit>

Gradient flow
<latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit>

continuous-time

dynamics
<latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit>

discrete-tim
e

algorithms
<latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit>

discretize
<latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit>

� � 0
<latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit>

xk+1 � xk

�
= �rf(xk)

<latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit>

t = �k
<latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit>

f convex, smooth
<latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit><latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit><latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit>
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Unadjusted Langevin Algorithm

The Unadjusted Langevin Algorithm (ULA) for ν ∝ e−f is:

xk+1 = xk − η∇f(xk) +
√
2η zk

where η > 0 is step size, and zk ∼ N (0, I) is independent.

• As η → 0, ULA recovers the Langevin dynamics.

• For fixed η > 0, ULA is biased: xk ∼ ρk
k→∞−−−→ νη ̸= ν

◦ E.g., if ν = N
(
0, 1

αI
)
, then νη = N

(
0, 1

α(1− 1
2ηα)

I
)

.

◦ ⇒ Low-accuracy iteration complexity guarantee
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Example: Gaussian Target

Suppose f(x) = α
2 ∥x∥2 so ν ∝ e−f = N (0, α−1I) on Rd.

Suppose X0 ∼ ρ0 = N (m0, σ
2
0I) for some m0 ∈ Rd, σ2

0 > 0.

1. Continuous-time Langevin dynamics:

ρt = N
(
e−αtm0,

(
e−2αtσ2

0 +
1− e−2αt

α

)
I

)

2. Discrete-time ULA:

ρk = N
(
(1− αη)km0,

(
(1− αη)2kσ2

0 +
1

α

(
1− (1− αη)2k

(1− 1
2αη)

))
I

)
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Unadjusted Langevin Algorithm
The Unadjusted Langevin Algorithm (ULA) for ν ∝ e−f is:

xk+1 = xk − η∇f(xk) +
√
2η zk

where η > 0 is step size, and zk ∼ N (0, I) is independent.

• For fixed η > 0, ULA is biased: xk ∼ ρk
k→∞−−−→ νη ̸= ν

◦ E.g., if ν = N
(
0, 1

αI
)
, then νη = N

(
0, 1

α(1− 1
2ηα)

I
)

.

◦ ⇒ Low-accuracy iteration complexity guarantee

• Many biased convergence guarantees for f strongly convex
and smooth [Dalalyan ’15, Durmus & Moulines ’17, Cheng & Bartlett ’18,

Durmus et al ’19 “Analysis of Langevin Monte Carlo via convex optimization”]

• Can remove bias by: ULA + Metropolis filter = MALA

◦ High-accuracy, but analysis more complicated, weaker metrics.

◦ Opt meaning: TV projection to the space of reversible
Markov chains [Billera & Diaconis, 2001]
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ULA: Biased Convergence Guarantee

Theorem:1 Assume ν is α-LSI and L-smooth (∥∇2f∥op ≤ L).
Along ULA xk ∼ ρk with step size η ≤ α

L2 , for all k ≥ 0:

KL(ρk ∥ν) ≤ e−αηk KL(ρ0 ∥ ν) +
ηdL2

α

⇒ To get KL(ρk ∥ ν) ≤ ϵ, choose η =
ϵα

dL2
, and run ULA from

ρ0 = N (x∗, 1
LI) for number of iterations::

k = O

(
1

αη
log

KL(ρ0 ∥ ν)
ϵ

)
= O

(
dL2

ϵα2
log

d

ϵ

)

∴ Iteration complexity of ULA for LSI+smooth target: O(poly( 1ϵ ))

◦ c.f. cts-time Langevin dynamics: t = O( 1
α log d

ϵ ) = O(log 1
ϵ )

◦ c.f. gradient descent: k = O(Lα log d
ϵ ) = O(log 1

ϵ )

1[Vempala, W., “Rapid Convergence of ULA: Isoperimetry Suffices”, NeurIPS 2019]
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Why is ULA Biased?2

xk+1 = xk − η∇f(xk) +
√
2η zk

• Sampling is solving a composite optimization problem:

minρ∈P(Rd)

{
KL(ρ ∥ ν) = Eρ[f ] −H(ρ)

}

• Langevin dynamics is running the composite gradient flow:

dXt = −∇f(Xt) dt +
√
2 dWt

• ULA is the “Forward-Flow” discretization:

1. Run gradient descent for minimizing Eρ[f ]

2. Run gradient flow for minimizing −H(ρ)

Issue: Forward-Flow is biased for general optimization...

• From Opt: Should run “Forward-Backward” → unbiased

◦ But backward method for entropy is not implementable...

2[W., “Sampling as Optimization in the Space of Measures: Langevin Dynamics as a

Composite Optimization Problem”, COLT 2018]
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Unbiased Discretizations of Langevin Dynamics

• The backward (proximal) method for KL divergence
“JKO scheme” [Jordan, Kinderlehrer, Otto, 1998]

ρk+1 = arg min
ρ∈P(Rd)

{
KL(ρ ∥ ν) + 1

2η
W2(ρ, ρk)

2

}

• The Forward-Backward algorithm for KL divergence
[Salim, Korba, Louise, NeurIPS 2020]

xk+ 1
2
= xk − η∇f(xk) ∼ ρk+ 1

2

ρk+1 = arg min
ρ∈P(Rd)

{
−H(ρ) +

1

2η
W2(ρ, ρk+ 1

2
)2
}

Issues: The above are not implementable as an algorithm (that
maintains only a sample xk ∼ ρk), except e.g. for Gaussian target.
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Plan

Sampling in Continuous Time via Langevin Dynamics

Discrete-time Algorithm 1: Unadjusted Langevin Algorithm

Discrete-time Algorithm 2: Proximal Sampler

Proof Technique via Strong Data Processing Inequality
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Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F satisfies α-PL (minF = 0):

F (Xt) ≤ e−2αt F (X0)

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν satisfies α-LSI:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)

Proximal Gradient:

xk+1 = arg min
x∈Rd

f(x) +
∥x− xk∥2

2η

◦ F satisfies α-PL (minF = 0):

F (xk) ≤
F (x0)

(1 + αη)2k

?
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Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F satisfies α-PL (minF = 0):

F (Xt) ≤ e−2αt F (X0)

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν satisfies α-LSI:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)

Proximal Gradient:

xk+1 = arg min
x∈Rd

f(x) +
∥x− xk∥2

2η

◦ F satisfies α-PL (minF = 0):

F (xk) ≤
F (x0)

(1 + αη)2k

Proximal Sampler:

Langevin Dynamics (LD)

Unadjusted Langevin Algorithm (ULA) Proximal Sampler (PS)

xk+1 = xk − η∇f(xk) + 2η zk

dXt = − ∇f(Xt) dt + 2 dWt

yk = xk + η zk

xk+1 ∼ exp (−f(x)− 1
2η ∥x − yk∥2)

Unadjusted Langevin Algorithm

Unadjusted Langevin Algorithm (ULA) for sampling from ⌫ / e�f :

xk+1 = xk � ⌘rf (xk) +
p

2⌘ zk

Discretization of Langevin dynamics in

continuous time

� Convergence in Wasserstein distance, KL divergence when ⌫ is strongly
log-concave [Dalalyan ’17], [Durmus, Moulines ’18], [Cheng, Bartlett ’18]

� Our results: Convergence in KL and Rényi divergence under isoperimetry

⇤ Relaxation of log-concavity: Stable under perturbations, mapping

⇤ Via continuous-time analysis, sampling as optimization

convex body
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Proof of Convergence under LSI

Theorem [Chen, Chewi, Salim, W. ’22]: If ⌫ satifies ↵-LSI, then

H⌫(⇢k) 
H⌫(⇢0)

(1 + ↵⌘)2k

• Via interpolation along simultaneous heat flow and
simultaneous reverse heat flow

Lemma: If ⌫ is ↵-LSI:

1. H⌫⌘

�
⇢k+ 1

2

�
 H⌫(⇢k)

1 + ↵⌘

2. H⌫(⇢k+1) 
H⌫⌘

�
⇢k+ 1

2

�

1 + ↵⌘

�k
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�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�̃t
<latexit sha1_base64="39It49/KTuyuRTFAeKjA1EKIYT8=">AAACB3icbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnnWTI7MOZXiGEfIBf4FW/wJvk6md48+J/OHkcTGJBQ1HVTTUVJEoact0vZ219Y3NrO7OT3d3bPzjMHR1XTZxqgRURq1jXA25QyQgrJElhPdHIw0BhLejfTfzaE2oj4+iBBgn6Ie9GsiMFJyv5TZKqjaype3GLWrm8W3CnYKvEm5N88Wxc/gaAUiv302zHIg0xIqG4MQ3PTcgfck1SKBxlm6nBhIs+72LD0oiHaPzh9OkRu7BKm3VibSciNlX/Xgx5aMwgDOxmyKlnlr2J+J/XSKlz4w9llKSEkZgFdVLFKGaTBlhbahSkBpZwoaX9lYke11yQ7WkhBVOFepS1vXjLLayS6lXBcwte2RZ0CzNk4BTO4RI8uIYi3EMJKiDgEV7gFd6cZ+fd+XDGs9U1Z35zAgtwPn8Bm+CcSQ==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="vno4fV2L5Wijm8Jbgq4RAk0+I4Y=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiuSuJGl0U3LivYB7ShTCY37dDJJM7cCCX0A/wCt/oF7sStn+EH+B9O2yxs64ELh3Pu5VxOkEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6nfrtJ9BGJOoBxyn4MRsoEQnO0Ep+D4UMgfb0MOljv1J1a+4MdJV4BamSAo1+5acXJjyLQSGXzJiu56bo50yj4BIm5V5mIGV8xAbQtVSxGIyfz56e0HOrhDRKtB2FdKb+vchZbMw4DuxmzHBolr2p+J/XzTC69nOh0gxB8XlQlEmKCZ02QEOhgaMcW8K4FvZXyodMM462p4UUyCToSdn24i23sEpalzXPrXn3brV+UzRUIqfkjFwQj1yROrkjDdIknDySF/JK3pxn5935cD7nq2tOcXNCFuB8/QJgx5oE</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�̃t
<latexit sha1_base64="OGOeFyMmZ98LxgRTF4CIezmEFxk=">AAACBnicbVC7SgNBFL0b3/EVFWxsBoNgFXZttBRtLBWMCtkQZ2fvJkNmZ5eZu0II6f0CW/0CO7H1N2zs/A8nj0ITD1w4nHMv53KiXElLvv/plebmFxaXllfKq2vrG5uVre0bmxVGYF1kKjN3EbeopMY6SVJ4lxvkaaTwNuqeD/3bBzRWZvqaejk2U97WMpGCk5PCkKSKkYW6aFGrUvVr/ghslgQTUj3dvfq6B4DLVuU7jDNRpKhJKG5tI/Bzava5ISkUDsphYTHnosvb2HBU8xRtsz/6ecAOnBKzJDNuNLGR+vuiz1Nre2nkNlNOHTvtDcX/vEZByUmzL3VeEGoxDkoKxShjwwJYLA0KUj1HuDDS/cpEhxsuyNX0JwULhWZQdr0E0y3MkpujWuDXgitX0BmMsQx7sA+HEMAxnMIFXEIdBOTwBM/w4j16r96b9z5eLXmTmx34A+/jB0eTm3k=</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="bhtNMfWI3NmGd53GudM14GauP1Q=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwVRI3uiy6cVnBPqAJZTK5aYdOJmHmRiile7/ArX6BO3Hrb/gB/ofTNgvbeuDC4Zx7OZcTZlIYdN1vp7SxubW9U96t7O0fHB5Vj0/aJs01hxZPZaq7ITMghYIWCpTQzTSwJJTQCUd3M7/zBNqIVD3iOIMgYQMlYsEZWsn3UcgIqK/yPvarNbfuzkHXiVeQGinQ7Fd//CjleQIKuWTG9Dw3w2DCNAouYVrxcwMZ4yM2gJ6liiVggsn85ym9sEpE41TbUUjn6t+LCUuMGSeh3UwYDs2qNxP/83o5xjfBRKgsR1B8ERTnkmJKZwXQSGjgKMeWMK6F/ZXyIdOMo61pKQVyCXpasb14qy2sk/ZV3XPr3oNba9wWDZXJGTknl8Qj16RB7kmTtAgnGXkhr+TNeXbenQ/nc7FacoqbU7IE5+sXlO2ZlA==</latexit>

�t
<latexit sha1_base64="R0tk3OOlHoua/yDIPxnYUtODmHs=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzumUyi6JXcCsky8GSmWTz6q3wBQ6RR+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Nrh2RM6t0SRgrW9KQifp3IqOR1sMosJ0RNX296I3F/7xWasIrP+MySQ1KNl0UpoKYmIxfJ12ukBkxtIQyxe2thPWposzYgOa2YCpQjfI2F28xhWVSvyh5bsmr2oCuYYocHMMpnIMHl1CGW6hADRjcwxM8w4vz6Lw6b877tHXFmc0cwRycz19wzZl1</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="RNFTTCEdekTfumj98QiBGGJbatM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmeoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFiRQWff/bW1vf2NzaLuwUd/f2Dw5LR8cNq1PDoc611KYVMgtSKKijQAmtxACLQwnNcHQ79ZtPYKzQ6gHHCXRjNlAiEpyhkxodM9Q97JXKfsWfga6SICdlkqPWK/10+pqnMSjkklnbDvwEuxkzKLiESbGTWkgYH7EBtB1VLAbbzWbXTui5U/o00saVQjpT/05kLLZ2HIeuM2Y4tMveVPzPa6cYXXczoZIUQfH5oiiVFDWdvk77wgBHOXaEcSPcrZQPmWEcXUALWyCVYCZFl0uwnMIqaVxWAr8S3Pvl6k2eUIGckjNyQQJyRarkjtRInXDySF7IK3nznr1378P7nLeuefnMCVmA9/ULNbSXMA==</latexit>

�
<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

) (new!) optimal convergence rate for proximal point under PL

Technique 1: Continuous time
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<latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit>
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<latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit>

f convex
<latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit>

Gradient descent
<latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit>

Gradient flow
<latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit>

continuous-time

dynamics
<latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit>

discrete-tim
e

algorithms
<latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit>

discretize
<latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit>

� � 0
<latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit>

xk+1 � xk

�
= �rf(xk)

<latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit>

t = �k
<latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit>

f convex, smooth
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Proximal Sampler
To sample from νX(x) ∝ e−f(x) on Rd, consider joint distribution

νXY (x, y) ∝ exp

(
−f(x)− 1

2η
∥x− y∥2

)

• Note the x-marginal is νX , so it suffices to sample from νXY .

Algorithm: Run Gibbs sampling on νXY .

Proximal Sampler: [Titsias, Papaspiliopoulos (2018); Lee, Shen, Tian (2021)]

1. yk | xk ∼ νY |X=xk = N (xk, ηI)

2. xk+1 | yk ∼ νX|Y=yk(x) ∝ exp
(
−f(x)− 1

2η∥x− yk∥2
)

• Jointly νXY -reversible ⇒ x-marginal is νX (unbiased!)

• Second step is called the Restricted Gaussian Oracle (RGO):

νX|Y=y(x) ∝x exp

(
−f(x)− 1

2η
∥x− y∥2

)
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Implementing the RGO

νX|Y=y(x) ∝x exp

(
−f(x)− 1

2η
∥x− y∥2

)

• Assume f is L-smooth: −LI ⪯ ∇2f(x) ⪯ LI for all x ∈ Rd.

• If η < 1
L , then gy(x) = f(x) + 1

2η∥x− y∥2 is strongly

convex and smooth with condition number κ = 1+ηL
1−ηL .

• Then we can implement RGO via rejection sampling (with

Gaussian proposal) with E[# queries to f ] ≤ κd .

• If η = 1
Ld , then κd =

(
1+ 1

d

1− 1
d

)d

≤ O(1) is a constant.

• Therefore, can implement the Proximal Sampler with η = 1
Ld .
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Example: Gaussian Target
Suppose f(x) = α

2 ∥x∥2 so ν ∝ e−f = N (0, α−1I) on Rd.

Suppose X0 ∼ ρ0 = N (m0, σ
2
0I) for some m0 ∈ Rd, σ2

0 > 0.

1. Continuous-time Langevin dynamics:

ρt = N
(
e−αtm0,

(
e−2αtσ2

0 +
1− e−2αt

α

)
I

)

2. Discrete-time ULA:

ρk = N
(
(1− αη)km0,

(
(1− αη)2kσ2

0 +
1

α

(
1− (1− αη)2k

(1− 1
2αη)

))
I

)

3. Discrete-time Proximal Sampler:

ρk = N
(

m0

(1 + αη)k
,

(
σ2
0

(1 + αη)2k
+

1

α

(
1− 1

(1 + αη)2k

))
I

)
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Proximal Sampler: Unbiased Convergence Guarantees

Theorem:3 If νX ∝ e−f satisfies α-Log Sobolev Inequality (LSI),
then along the Proximal Sampler xk ∼ ρk with step size η > 0:

KL(ρk ∥ νX) ≤ KL(ρ0 ∥ νX)

(1 + αη)2k

• If f is L-smooth, with RGO via rejection sampling with η = 1
Ld :

To get KL(ρk ∥ νX) ≤ ε, run Proximal Sampler for # of iterations:

k = O

(
dL

α
log

KL(ρ0 ∥ νX)

ε

)
= O

(
dL

α
log

d

ϵ

)

◦ c.f. continuous-time Langevin: t = O( 1
α log d

ε )

◦ c.f. proximal gradient for optimization: k = O(Lα log d
ε )

3[Chen, Chewi, Salim, W., “Improved Analysis for a Proximal Algorithm for Sampling”,

COLT 2022]
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Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F satisfies α-PL (minF = 0):

F (Xt) ≤ e−2αt F (X0)

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν satisfies α-LSI:

KL(ρt ∥ ν) ≤ e−2αt KL(ρ0 ∥ ν)

Proximal Gradient:

xk+1 = arg min
x∈Rd

f(x) +
∥x− xk∥2

2η

◦ F satisfies α-PL (minF = 0):

F (xk) ≤
F (x0)

(1 + αη)2k

Proximal Sampler:

xk+1 ∼ exp

(
−f(x)−

∥x− xk +
√
ηzk∥2

2η

)

◦ ν satisfies α-LSI: [CCSW. ’22]

KL(ρk ∥ ν) ≤
KL(ρ0 ∥ ν)
(1 + αη)2k
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Review: Mixing Time of Proximal Sampler
1. ν strongly log-concave ⇒ exponential contraction in W2 distance

[Lee, Shen, Tian, “Structured Logconcave Sampling with a Restricted Gaussian

Oracle”, COLT 2021]

2. Log-Sobolev inequality ⇒ exp. convergence in KL, Rényi divergence

Poincaré inequality ⇒ exp. convergence in χ2-divergence

[Chen, Chewi, Salim, W., “Improved Analysis for a Proximal Algorithm for

Sampling”, COLT 2022]

3. Φ-Sobolev inequality ⇒ exponential convergence in Φ-divergence

[Mitra, W., “Fast Convergence of Φ-Divergence along the Unadjusted Langevin

Algorithm and Proximal Sampler”, ALT 2025]

4. Strongly log-concave ⇒ exp. decay of mutual information (x0, xk)

[Liang, Mitra, W., “Characterizing Dependence of Samples along the Langevin

Dynamics & Algorithms via Contraction of Φ-Mutual Information”, COLT 2025]

5. Strongly log-concave ⇒ exp. convergence in Fisher information

[W., “Mixing Time of Proximal Sampler in Relative Fisher Information via

Strong Data Processing Inequality”, COLT 2025]
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Relative Fisher Information

Recall the Relative Fisher Information of ρ with respect to ν is:

FI(ρ ∥ ν) = Eρ

[∥∥∥∇ log
ρ

ν

∥∥∥
2
]

• This is the “non-parametric” relative Fisher information
(gradient ∇ is in the state variable x, not in the parameter)

• Optimization meaning: In (P(Rd),W2):

∥gradW2
KL(ρ ∥ ν))∥2ρ = FI(ρ ∥ ν)

• ν satisfies α-LSI ⇔ FI(ρ ∥ ν) ≥ 2αKL(ρ ∥ ν)

• ν is α-Poincaré ineq. ⇒ FI(ρ ∥ ν) ≥ 4αTV(ρ ∥ ν)2

• Can construct ρ, ν = N (0, 1) s.t. KL(ρ ∥ ν) ≤ ϵ, FI(ρ ∥ ν) ≥ 1
ϵ

∴ guarantees in FI is strictly stronger than KL



33/53

Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F is α-strongly convex:

∥∇F (Xt)∥2 ≤ e−2αt ∥∇F (X0)∥2

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν is α-SLC:

FI(ρt ∥ ν) ≤ e−2αt FI(ρ0 ∥ ν)

Proximal Gradient:

xk+1 = arg min
x∈Rd

f(x) +
∥x− xk∥2

2η

◦ F is α-strongly convex:

∥∇F (xk)∥2 ≤
∥∇F (x0)∥2
(1 + αη)2k

Proximal Sampler:

xk+1 ∼ exp

(
−f(x)−

∥x− xk +
√
ηzk∥2

2η

)

◦ ν is α-SLC:

?
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Mixing Time of Proximal Sampler in Fisher Information

Theorem:4 Assume νX ∝ e−f is α-strongly log-concave. Along
the discrete-time Proximal Sampler xk ∼ νX with step size η > 0:

FI(ρk ∥ νX) ≤ FI(ρ0 ∥ νX)

(1 + αη)2k

• If f is L-smooth, with RGO via rejection sampling with η = 1
Ld :

To get FI(ρk ∥ νX) ≤ ε, run Proximal Sampler for # of iterations:

k = O

(
dL

α
log

FI(ρ0 ∥ νX)

ε

)
= O

(
dL

α
log

d

ε

)

◦ c.f. cts-time Langevin: t = O( 1
α log d

ε )

◦ c.f. proximal gradient for optimization: k = O(Lα log d
ε )

4[W., “Mixing Time of the Proximal Sampler in Relative Fisher Information via Strong
Data Processing Inequality”, COLT 2025]
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Optimization & Sampling in Discrete Time

Gradient Flow:

Ẋt = −∇F (Xt)

◦ F is α-strongly convex:

∥∇F (Xt)∥2 ≤ e−2αt ∥∇F (X0)∥2

Langevin Dynamics:

dXt = −∇f(Xt) dt+
√
2 dWt

◦ ν is α-SLC:

FI(ρt ∥ ν) ≤ e−2αt FI(ρ0 ∥ ν)

Proximal Gradient:

xk+1 = arg min
x∈Rd

f(x) +
∥x− xk∥2

2η

◦ F is α-strongly convex:

∥∇F (xk)∥2 ≤
∥∇F (x0)∥2
(1 + αη)2k

Proximal Sampler:

xk+1 ∼ exp

(
−f(x)−

∥x− xk +
√
ηzk∥2

2η

)

◦ ν is α-SLC: [W. ’25]

FI(ρk ∥ ν) ≤
FI(ρ0 ∥ ν)
(1 + αη)2k
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Plan

Sampling in Continuous Time via Langevin Dynamics

Discrete-time Algorithm 1: Unadjusted Langevin Algorithm

Discrete-time Algorithm 2: Proximal Sampler

Proof Technique via Strong Data Processing Inequality
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Proximal Sampler Decomposition

Each iteration of Proximal Sampler is a composition of two steps:

1. Forward step:

yk | xk ∼ N (xk, ηI)

• Key: Interpret as application of Gaussian channel.

2. Backward step:

xk+1 | yk ∼ exp

(
−f(x)− 1

2η
∥x− yk∥2

)

• Key: Interpret as application of reverse Gaussian channel.

To prove mixing time, we show strong data processing inequality
(SDPI) for each channel.
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Proximal Sampler: Forward Step

yk | xk ∼ N (xk, ηI)

• Interpretation: Gaussian channel

◦ Run from ρXk , to get ρYk = ρXk ∗ N (0, ηI).

◦ Run from νX , to get νY = νX ∗ N (0, ηI).

• SDPI for Gaussian channel under LSI:

Lemma [CCSW.’22]: If νX satisfies α-LSI, then

KL(ρYk ∥ νY ) ≤ KL(ρXk ∥ νX)

1 + αη

(SDPI also holds in Rényi divergence and in all Φ-divergence.)
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Proximal Sampler: Backward Step

xk+1 | yk ∼ νX|Y=yk(x) ∝ exp

(
−f(x)− 1

2η
∥x− yk∥2

)

Interpretation: The distribution νX|Y=y is the output of the
reverse Gaussian channel at time t = η from X0 = y:

dXt = ∇ log νη−t(Xt) dt+ dWt

where νt = νX ∗ N (0, tI) and (Wt)t≥0 is Brownian motion.

◦ This is the same principle as Diffusion Model (DM).

◦ But we run for short time η ∼ 1
Ld (vs. long time η → ∞ for DM).

We implement via rejection sampling (vs. score estimation in DM).
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Proximal Sampler: Backward Step

xk+1 | yk ∼ νX|{Y=yk}(x) ∝ exp

(
−f(x)− 1

2η
∥x− yk∥2

)

• Interpretation: Output of the reverse Gaussian channel

dXt = ∇ log νη−t(Xt) dt+ dWt

◦ Run from X0 = yk ∼ ρYk to get Xη
d
= xk+1 ∼ ρXk+1.

◦ Also run from X∗
0 ∼ νY to get back X∗

η ∼ νX .

• (Restricted) SDPI for reverse Gaussian channel under LSI

Lemma [CCSW.’22]: If νX satisfies α-LSI, then

KL(ρXk+1 ∥ νX) ≤ KL(ρYk ∥ νY )
1 + αη

(SDPI also holds in Rényi divergence and in all Φ-divergence.)
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Review: Proximal Sampler in KL/Rényi/Φ Divergence

Theorem:5 Assume νX satisfies α-LSI. Then for each k ≥ 0:

1. Forward step: From xk ∼ ρXk to yk ∼ ρYk ,

KL(ρYk ∥ νY ) ≤ KL(ρXk ∥ νX)

1 + αη

2. Backward step: From yk ∼ ρYk to xk+1 ∼ ρXk+1,

KL(ρXk+1 ∥ νX) ≤ KL(ρYk ∥ νY )
1 + αη

Therefore,

KL(ρXk ∥ νX) ≤ KL(ρX0 ∥ νX)

(1 + αη)2k

(Same analysis for Rényi divergence and Φ-divergence [Mitra, W. ’25].)

5[Chen, Chewi, Salim, W., “Improved Analysis for a Proximal Algorithm for Sampling”,

COLT 2022]
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Data Processing Inequality in Relative Fisher Information?

• Data Processing Inequality (DPI) along any noisy channel:

DΦ(ρ
Y ∥ νY ) ≤ DΦ(ρ

X ∥ νX)

◦ For any ρY = PY |X ◦ ρX and νY = PY |X ◦ νX

◦ For any Φ-divergence DΦ(ρ ∥ ν) = Eν [Φ(
ρ
ν )], Φ ≥ 0 convex

◦ Strong DPI: Strict contraction rate < 1

• Question: Do we have DPI in relative Fisher information?

FI(ρY ∥ νY )
?
≤ FI(ρX ∥ νX)

◦ FI(ρ ∥ ν) = Eρ[∥∇ log ρ
ν ∥2] is not a Φ-divergence

◦ FI(ρ ∥ ν) is convex in ρ, but not convex in ν
So proof technique via Jensen’s inequality fails.
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Failure of DPI in Relative Fisher Information
Gaussian channel in d = 1 dimension: ρt = ρ0 ∗ N (0, t)

• Let ρ0 = N (0, 1)

• Can construct ν0 so that DPI in FI initially does not hold
(see paper6 for explicit expression)
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• Note d
dtKL(ρt ∥ νt) = − 1

2FI(ρt ∥ νt)
So initially t 7→ KL(ρt ∥ νt) is decreasing in a concave way, then
eventually in a convex way.

6[W., “Mixing Time of the Proximal Sampler in Relative Fisher Information via SDPI”,
COLT 2025]
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(S)DPI in FI along Gaussian Channel under SLC

Theorem:7 If ρt = ρ0 ∗ N (0, tI) and νt = ν0 ∗ N (0, tI), then:

(i) If ν0 is log-concave, then we have DPI:

FI(ρt ∥ νt) ≤ FI(ρ0 ∥ ν0).

(ii) If ν0 is α-strongly log-concave (SLC), then we have SDPI:

FI(ρt ∥ νt) ≤
FI(ρ0 ∥ ν0)
(1 + αt)2

.

Also have (see paper):

• Improved SDPI rate if ρ0 satisfies Poincaré and symmetry

• Eventual SDPI if ν0 is a log-Lipschitz perturbation of SLC.

7[W., “Mixing Time of the Proximal Sampler in Relative Fisher Information via Strong
Data Processing Inequality”, 2025]
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Proof of (S)DPI in FI along Gaussian Channel

Analysis via time differentiation along simultaneous heat flows.

Lemma: If (ρt)t≥0, (νt)t≥0 evolve following the heat equation:

∂tρt =
1

2
∆ρt ∂tνt =

1

2
∆νt

then for any t ≥ 0:

d

dt
FI(ρt ∥ νt) = −Eρt

[∥∥∥∥∇2 log
ρt
νt

∥∥∥∥
2

HS

]
− 2Eρt

[∥∥∥∥∇ log
ρt
νt

∥∥∥∥
2

(−∇2 log νt)

]
.

• c.f. for KL divergence: d
dtKL(ρt ∥ νt) = − 1

2 FI(ρt ∥ νt)

• (S)DPI follows by evolution of SLC constant along heat flow:

If −∇2 log ν0(x) ⪰ αI, then −∇2 log νt(x) ⪰ α
1+αtI



46/53

Evolution of FI along General Fokker-Planck Channel

Lemma: If (ρt)t≥0, (νt)t≥0 evolve following Fokker-Planck equations:

∂tρt = −∇ · (ρtbt) +
c

2
∆ρt ,

∂tνt = −∇ · (νtbt) +
c

2
∆νt

for any smooth vector field bt : Rd → Rd and c ≥ 0. Then:

d

dt
FI(ρt ∥ νt) = −cEρt

[∥∥∥∥∇2 log
ρt
νt

∥∥∥∥
2

HS

]

• c.f. for KL divergence: d
dtKL(ρt ∥ νt) = − c

2 FI(ρt ∥ νt)
• Heat flow: bt = 0, c = 1

• Ornstein-Uhlenbeck (Langevin for Gaussian): bt(x) = −γx, c = 2

• Reverse Gaussian channel: bt(x) = ∇ log(ν ∗ N (0, tI)), c = 1



47/53

Application: Mixing Time of Proximal Sampler in FI

Theorem:8 Assume νX is α-SLC. Then for each k ≥ 0:

1. Forward step: From xk ∼ ρXk to yk ∼ ρYk ,

FI(ρYk ∥ νY ) ≤ FI(ρXk ∥ νX)

(1 + αη)2

2. Backward step: From yk ∼ ρYk to xk+1 ∼ ρXk+1,

FI(ρXk+1 ∥ νX) ≤ FI(ρYk ∥ νY )
Therefore,

FI(ρXk ∥ νX) ≤ FI(ρX0 ∥ νX)

(1 + αη)2k

• Recall for KL/Rényi, have SDPI for both forward and backward steps.

• For FI, have SDPI in forward, and only weak DPI in backward step.

8[W., “Mixing Time of the Proximal Sampler in Relative Fisher Information via Strong

Data Processing Inequality”, 2025]
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Summary

• Sampling as Optimization in the space of distributions:

◦ Cts. time: Langevin dynamics ⇔ Gradient flow

◦ Disc. time: Proximal Sampler ≈ Proximal gradient method

Langevin Dynamics (LD)

Unadjusted Langevin Algorithm (ULA) Proximal Sampler (PS)

xk+1 = xk − η∇f(xk) + 2η zk

dXt = − ∇f(Xt) dt + 2 dWt

yk = xk + η zk

xk+1 ∼ exp (−f(x)− 1
2η ∥x − yk∥2)

Unadjusted Langevin Algorithm

Unadjusted Langevin Algorithm (ULA) for sampling from ⌫ / e�f :

xk+1 = xk � ⌘rf (xk) +
p

2⌘ zk

Discretization of Langevin dynamics in

continuous time

� Convergence in Wasserstein distance, KL divergence when ⌫ is strongly
log-concave [Dalalyan ’17], [Durmus, Moulines ’18], [Cheng, Bartlett ’18]

� Our results: Convergence in KL and Rényi divergence under isoperimetry

⇤ Relaxation of log-concavity: Stable under perturbations, mapping

⇤ Via continuous-time analysis, sampling as optimization

convex body
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Proof of Convergence under LSI

Theorem [Chen, Chewi, Salim, W. ’22]: If ⌫ satifies ↵-LSI, then

H⌫(⇢k) 
H⌫(⇢0)

(1 + ↵⌘)2k

• Via interpolation along simultaneous heat flow and
simultaneous reverse heat flow

Lemma: If ⌫ is ↵-LSI:

1. H⌫⌘

�
⇢k+ 1

2

�
 H⌫(⇢k)

1 + ↵⌘

2. H⌫(⇢k+1) 
H⌫⌘

�
⇢k+ 1

2

�

1 + ↵⌘

�k
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�<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>
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<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>
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<latexit sha1_base64="35kPpUMkvbvVmmjZd6vr2P4B+sk=">AAAB/3icbVC7SgNBFL0bXzG+ooKNzWAQrMKujZZBG8sEzAOSJc5O7iZDZmeXmVkhLCn8Alv9Ajux9VNs7PwPJ4/CJB64cDjnXu69J0gE18Z1v5zc2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDvxm4+oNI/lvRkl6Ee0L3nIGTVWqndk2jXdYsktu1OQVeLNSalyUvt+AIBqt/jT6cUsjVAaJqjWbc9NjJ9RZTgTOC50Uo0JZUPax7alkkao/Wx67JicW6VHwljZkoZM1b8TGY20HkWB7YyoGehlbyL+57VTE177GZdJalCy2aIwFcTEZPI56XGFzIiRJZQpbm8lbEAVZcbms7AFU4FqXLC5eMsprJLGZdlzy17NBnQDM+ThFM7gAjy4ggrcQRXqwIDDM7zAq/PkvDnvzsesNefMZ45hAc7nLx8cmKU=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="hLp2/ukQo8JXRb90kUvKAlMhlCo=">AAAB/3icbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sE3CSQLGF2cjcZMju7zEMISwq/wFa/wEqxtfcnbOz8DyePwiQeuHA4517uvSdMOVPadb+c3Nr6xuZWfruws7u3f1A8PGqoxEgKPk14IlshUcCZAF8zzaGVSiBxyKEZDm8mfvMepGKJuNOjFIKY9AWLGCXaSn5HmK7uFktu2Z0CrxJvTkqVk/o3e61+1rrFn04voSYGoSknSrU9N9VBRqRmlMO40DEKUkKHpA9tSwWJQQXZ9NgxPrdKD0eJtCU0nqp/JzISKzWKQ9sZEz1Qy95E/M9rGx1dBxkTqdEg6GxRZDjWCZ58jntMAtV8ZAmhktlbMR0QSai2+SxsAcNBjgs2F285hVXSuCx7btmr24CqaIY8OkVn6AJ56ApV0C2qIR9RxNAjekLPzoPz4rw577PWnDOfOUYLcD5+AZFRmmE=</latexit><latexit sha1_base64="t+Kt0jY7zg5ZY7bAjDTDHFx/cOE=">AAAB/3icbVDLTsJQEJ3iC/GFunTTSExckdaNLoluXGJigQQacnuZwg23t819mJCGhV/gVr/AnXHrp/gB/ocX6ELAk0xycs5MZuZEGWdKe963U9rY3NreKe9W9vYPDo+qxyctlRpJMaApT2UnIgo5Exhopjl2MokkiTi2o/HdzG8/oVQsFY96kmGYkKFgMaNEWynoCdPX/WrNq3tzuOvEL0gNCjT71Z/eIKUmQaEpJ0p1fS/TYU6kZpTjtNIzCjNCx2SIXUsFSVCF+fzYqXthlYEbp9KW0O5c/TuRk0SpSRLZzoTokVr1ZuJ/Xtfo+CbMmciMRkEXi2LDXZ26s8/dAZNINZ9YQqhk9laXjogkVNt8lrag4SinFZuLv5rCOmld1X2v7j94tcZtkVAZzuAcLsGHa2jAPTQhAAoMXuAV3pxn5935cD4XrSWnmDmFJThfv2x2lsA=</latexit>

�<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�̃t
<latexit sha1_base64="39It49/KTuyuRTFAeKjA1EKIYT8=">AAACB3icbVDLSgNBEOz1GeMr6lEPg0HwFHa96DHoxWMC5gHJEmYnnWTI7MOZXiGEfIBf4FW/wJvk6md48+J/OHkcTGJBQ1HVTTUVJEoact0vZ219Y3NrO7OT3d3bPzjMHR1XTZxqgRURq1jXA25QyQgrJElhPdHIw0BhLejfTfzaE2oj4+iBBgn6Ie9GsiMFJyv5TZKqjaype3GLWrm8W3CnYKvEm5N88Wxc/gaAUiv302zHIg0xIqG4MQ3PTcgfck1SKBxlm6nBhIs+72LD0oiHaPzh9OkRu7BKm3VibSciNlX/Xgx5aMwgDOxmyKlnlr2J+J/XSKlz4w9llKSEkZgFdVLFKGaTBlhbahSkBpZwoaX9lYke11yQ7WkhBVOFepS1vXjLLayS6lXBcwte2RZ0CzNk4BTO4RI8uIYi3EMJKiDgEV7gFd6cZ+fd+XDGs9U1Z35zAgtwPn8Bm+CcSQ==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="eDQJ9NWsXesKoJq5NjYrrVpnoMQ=">AAACB3icbVC7SgNBFJ31GeMraqnIYBCswq6NlkEbywTMA5IlzM7eTYbMPpy5K4QlpYVfYKtfYCdp/Qw/wMqfcPIoTOKBC4dz7uVcjpdIodG2v6yV1bX1jc3cVn57Z3dvv3BwWNdxqjjUeCxj1fSYBikiqKFACc1EAQs9CQ2vfzv2G4+gtIijexwk4IasG4lAcIZGctsopA+0rXpxBzuFol2yJ6DLxJmRYvlkVP15Oh1VOoXvth/zNIQIuWRatxw7QTdjCgWXMMy3Uw0J433WhZahEQtBu9nk6SE9N4pPg1iZiZBO1L8XGQu1HoSe2QwZ9vSiNxb/81opBtduJqIkRYj4NChIJcWYjhugvlDAUQ4MYVwJ8yvlPaYYR9PTXAqkEtQwb3pxFltYJvXLkmOXnKop6IZMkSPH5IxcEIdckTK5IxVSI5w8kBfySt6sZ+vd+rBG09UVa3ZzROZgff4ClLedrw==</latexit><latexit sha1_base64="vno4fV2L5Wijm8Jbgq4RAk0+I4Y=">AAACB3icbVDLSsNAFJ34rPVVdelmsAiuSuJGl0U3LivYB7ShTCY37dDJJM7cCCX0A/wCt/oF7sStn+EH+B9O2yxs64ELh3Pu5VxOkEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6nfrtJ9BGJOoBxyn4MRsoEQnO0Ep+D4UMgfb0MOljv1J1a+4MdJV4BamSAo1+5acXJjyLQSGXzJiu56bo50yj4BIm5V5mIGV8xAbQtVSxGIyfz56e0HOrhDRKtB2FdKb+vchZbMw4DuxmzHBolr2p+J/XzTC69nOh0gxB8XlQlEmKCZ02QEOhgaMcW8K4FvZXyodMM462p4UUyCToSdn24i23sEpalzXPrXn3brV+UzRUIqfkjFwQj1yROrkjDdIknDySF/JK3pxn5935cD7nq2tOcXNCFuB8/QJgx5oE</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�̃t
<latexit sha1_base64="OGOeFyMmZ98LxgRTF4CIezmEFxk=">AAACBnicbVC7SgNBFL0b3/EVFWxsBoNgFXZttBRtLBWMCtkQZ2fvJkNmZ5eZu0II6f0CW/0CO7H1N2zs/A8nj0ITD1w4nHMv53KiXElLvv/plebmFxaXllfKq2vrG5uVre0bmxVGYF1kKjN3EbeopMY6SVJ4lxvkaaTwNuqeD/3bBzRWZvqaejk2U97WMpGCk5PCkKSKkYW6aFGrUvVr/ghslgQTUj3dvfq6B4DLVuU7jDNRpKhJKG5tI/Bzava5ISkUDsphYTHnosvb2HBU8xRtsz/6ecAOnBKzJDNuNLGR+vuiz1Nre2nkNlNOHTvtDcX/vEZByUmzL3VeEGoxDkoKxShjwwJYLA0KUj1HuDDS/cpEhxsuyNX0JwULhWZQdr0E0y3MkpujWuDXgitX0BmMsQx7sA+HEMAxnMIFXEIdBOTwBM/w4j16r96b9z5eLXmTmx34A+/jB0eTm3k=</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="UWoEI9UJCbNQi3QYWIkNjymvUMM=">AAACBnicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXRssQG8sEzAOyIcxObpIhs7PLzF0hLOn9Alv9Ae3E1sKfsLHzP5w8CpN44MLhnHs5lxPEUhh03S8ns7a+sbmV3c7t7O7tH+QPj+omSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhjcTv3EP2ohI3eEohnbI+kr0BGdoJd9HIbtAfZV0sJMvuEV3CrpKvDkplE6q3+Kl/Fnp5H/8bsSTEBRyyYxpeW6M7ZRpFFzCOOcnBmLGh6wPLUsVC8G00+nPY3pulS7tRdqOQjpV/16kLDRmFAZ2M2Q4MMveRPzPayXYu26nQsUJguKzoF4iKUZ0UgDtCg0c5cgSxrWwv1I+YJpxtDUtpEAiQY9zthdvuYVVUr8sem7Rq9qCymSGLDklZ+SCeOSKlMgtqZAa4SQmj+SJPDsPzqvz5rzPVjPO/OaYLMD5+AW5yJ01</latexit><latexit sha1_base64="bhtNMfWI3NmGd53GudM14GauP1Q=">AAACBnicbVDLSsNAFJ3UV62vqks3g0VwVRI3uiy6cVnBPqAJZTK5aYdOJmHmRiile7/ArX6BO3Hrb/gB/ofTNgvbeuDC4Zx7OZcTZlIYdN1vp7SxubW9U96t7O0fHB5Vj0/aJs01hxZPZaq7ITMghYIWCpTQzTSwJJTQCUd3M7/zBNqIVD3iOIMgYQMlYsEZWsn3UcgIqK/yPvarNbfuzkHXiVeQGinQ7Fd//CjleQIKuWTG9Dw3w2DCNAouYVrxcwMZ4yM2gJ6liiVggsn85ym9sEpE41TbUUjn6t+LCUuMGSeh3UwYDs2qNxP/83o5xjfBRKgsR1B8ERTnkmJKZwXQSGjgKMeWMK6F/ZXyIdOMo61pKQVyCXpasb14qy2sk/ZV3XPr3oNba9wWDZXJGTknl8Qj16RB7kmTtAgnGXkhr+TNeXbenQ/nc7FacoqbU7IE5+sXlO2ZlA==</latexit>

�t
<latexit sha1_base64="R0tk3OOlHoua/yDIPxnYUtODmHs=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzumUyi6JXcCsky8GSmWTz6q3wBQ6RR+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9Nrh2RM6t0SRgrW9KQifp3IqOR1sMosJ0RNX296I3F/7xWasIrP+MySQ1KNl0UpoKYmIxfJ12ukBkxtIQyxe2thPWposzYgOa2YCpQjfI2F28xhWVSvyh5bsmr2oCuYYocHMMpnIMHl1CGW6hADRjcwxM8w4vz6Lw6b877tHXFmc0cwRycz19wzZl1</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="vk9d3na5NZj3UR1dv+YvoJCtMUk=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdk27XzBLboT4GXizUihdDyq/DydjMrt/HerI2kSgTCUE62bnhsbPyXKMMphmGslGmJC+6QLTUsFiUD76eTaIT6zSgeHUtkSBk/UvxMpibQeRIHtjIjp6UVvLP7nNRMTXvkpE3FiQNDpojDh2Eg8fh13mAJq+MASQhWzt2LaI4pQYwOa2wIJBzXM2Vy8xRSWSe2i6LlFr2IDukZTZNEROkXnyEOXqIRuURlVEUX36Bm9oFfn0Xlz3p2PaWvGmc0cojk4n79ppJrb</latexit><latexit sha1_base64="RNFTTCEdekTfumj98QiBGGJbatM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmeoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFiRQWff/bW1vf2NzaLuwUd/f2Dw5LR8cNq1PDoc611KYVMgtSKKijQAmtxACLQwnNcHQ79ZtPYKzQ6gHHCXRjNlAiEpyhkxodM9Q97JXKfsWfga6SICdlkqPWK/10+pqnMSjkklnbDvwEuxkzKLiESbGTWkgYH7EBtB1VLAbbzWbXTui5U/o00saVQjpT/05kLLZ2HIeuM2Y4tMveVPzPa6cYXXczoZIUQfH5oiiVFDWdvk77wgBHOXaEcSPcrZQPmWEcXUALWyCVYCZFl0uwnMIqaVxWAr8S3Pvl6k2eUIGckjNyQQJyRarkjtRInXDySF7IK3nznr1378P7nLeuefnMCVmA9/ULNbSXMA==</latexit>

�<latexit sha1_base64="rG2vNtuz8i+jUZIx0EyqO3VsWfk=">AAAB/XicbVBLSgNBEK3xG8df1KWbwSC4CjNudCMG3biMaD6QDKGnU5M06ekZ+iOEEPQCbvUE7sStR/AMHsB72PksTOKDgsd7VVTVizLOlPb9b2dpeWV1bT234W5ube/s5vf2qyo1kmKFpjyV9Ygo5ExgRTPNsZ5JJEnEsRb1rkd+7QGlYqm41/0Mw4R0BIsZJdpKd01hWvmCX/TH8BZJMCWFyy/34gkAyq38T7OdUpOg0JQTpRqBn+lwQKRmlOPQbRqFGaE90sGGpYIkqMLB+NShd2yVthen0pbQ3lj9OzEgiVL9JLKdCdFdNe+NxP+8htHxeThgIjMaBZ0sig33dOqN/vbaTCLVvG8JoZLZWz3aJZJQbdOZ2YKGoxy6NpdgPoVFUj0tBn4xuPULpSuYIAeHcAQnEMAZlOAGylABCh14hhd4dR6dN+fd+Zi0LjnTmQOYgfP5C2GMl6Y=</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="ISNkR/ekNWfQ41aSn5zAFuAtUBw=">AAAB/XicbVBLSgNBEO2Jvzj+oi7dNAbBVZhxoxsx6MZlRPOBZAg9nZqkSU/P0B8hDMETuNUDiDtx6xE8gngA72HnszCJDwoe71VRVS9MOVPa876d3NLyyupaft3d2Nza3ins7tVUYiSFKk14IhshUcCZgKpmmkMjlUDikEM97F+N/Po9SMUScacHKQQx6QoWMUq0lW5bwrQLRa/kjYEXiT8lxYtP9zx9+XIr7cJPq5NQE4PQlBOlmr6X6iAjUjPKYei2jIKU0D7pQtNSQWJQQTY+dYiPrNLBUSJtCY3H6t+JjMRKDeLQdsZE99S8NxL/85pGR2dBxkRqNAg6WRQZjnWCR3/jDpNANR9YQqhk9lZMe0QSqm06M1vAcJBD1+biz6ewSGonJd8r+TdesXyJJsijA3SIjpGPTlEZXaMKqiKKuugRPaFn58F5dd6c90lrzpnO7KMZOB+/breZGg==</latexit><latexit sha1_base64="HO+zWPwGRK97vBnh5Jzbt/Cswug=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHa96JHoxSNGARPYkNmhgQmzs5t5mJAN8Qu86hd4M179Fj/A/3CAPQhYSSeVqu50d0Wp4Nr4/rdXWFvf2Nwqbpd2dvf2D8qHR02dWMWwwRKRqMeIahRcYsNwI/AxVUjjSGArGt1M/dYTKs0T+WDGKYYxHUje54waJ913pO2WK37Vn4GskiAnFchR75Z/Or2E2RilYYJq3Q781IQZVYYzgZNSx2pMKRvRAbYdlTRGHWazUyfkzCk90k+UK2nITP07kdFY63Ecuc6YmqFe9qbif17bmv5VmHGZWoOSzRf1rSAmIdO/SY8rZEaMHaFMcXcrYUOqKDMunYUtaAWqScnlEiynsEqaF9XArwZ3fqV2nSdUhBM4hXMI4BJqcAt1aACDAbzAK7x5z9679+F9zlsLXj5zDAvwvn4B0A6V2Q==</latexit>

��
<latexit sha1_base64="QDTYa8ROi+ueNgi0nYjgM/RVmMg=">AAACAnicbVC7SgNREJ2NrxhfUUubxShYhV0bLYM2lhHMA7Ih3L2ZTS65e3e5DyEs6fwCW/0COxGsLPwNP8BPsPfmUZjEAwOHc2aYmROmnCnteV9ObmV1bX0jv1nY2t7Z3SvuH9RVYiTFGk14IpshUciZwJpmmmMzlUjikGMjHFyP/cY9SsUScaeHKbZj0hMsYpRoKzUDYToBatIplryyN4G7TPwZKVVOft4/AaDaKX4H3YSaGIWmnCjV8r1UtzMiNaMcR4XAKEwJHZAetiwVJEbVzib3jtxTq3TdKJG2hHYn6t+JjMRKDePQdsZE99WiNxb/81pGR5ftjInUaBR0uigy3NWJO37e7TKJVPOhJYRKZm91aZ9IQrWNaG4LGo5yVLC5+IspLJP6edn3yv6tDegKpsjDERzDGfhwARW4gSrUgAKHR3iCZ+fBeXFenbdpa86ZzRzCHJyPX6+ems8=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="AxYtHBsnVTCVqJAgg+gfp5675B0=">AAACAnicbVC7SgNBFJ31GRMfUUubwShYhV0bLYM2lhHMA7JLmJ3cTYbMzi7zCIQlnV9gq19gJ4KVnV/hB/gJWjt5FCbxwIXDOfdy7z1hypnSrvvprKyurW9s5rbyhe2d3b3i/kFdJUZSqNGEJ7IZEgWcCahppjk0UwkkDjk0wv712G8MQCqWiDs9TCGISVewiFGirdT0hWn7oEm7WHLL7gR4mXgzUqqcfL99DAo/1Xbxy+8k1MQgNOVEqZbnpjrIiNSMchjlfaMgJbRPutCyVJAYVJBN7h3hU6t0cJRIW0Ljifp3IiOxUsM4tJ0x0T216I3F/7yW0dFlkDGRGg2CThdFhmOd4PHzuMMkUM2HlhAqmb0V0x6RhGob0dwWMBzkKG9z8RZTWCb187Lnlr1bG9AVmiKHjtAxOkMeukAVdIOqqIYo4ugBPaIn5955dl6c12nrijObOURzcN5/AcRMnEk=</latexit><latexit sha1_base64="tqWBYqLdJc0rNqeq9kHP13d3+wY=">AAACAnicbVC7TsNAEDyHVwivACWNRYREFdk0UEbQUAaJPKTYis6XdXLK+Wzd7SFFVjq+gBa+gA7R8iN8AP/BJXFBEkZaaTSzq92dKBNco+d9O6WNza3tnfJuZW//4PCoenzS1qlRDFosFanqRlSD4BJayFFAN1NAk0hAJxrfzfzOEyjNU/mIkwzChA4ljzmjaKVuIE0/AKT9as2re3O468QvSI0UaParP8EgZSYBiUxQrXu+l2GYU4WcCZhWAqMho2xMh9CzVNIEdJjP7526F1YZuHGqbEl05+rfiZwmWk+SyHYmFEd61ZuJ/3k9g/FNmHOZGQTJFotiI1xM3dnz7oArYCgmllCmuL3VZSOqKEMb0dIWMALUtGJz8VdTWCftq7rv1f0Hr9a4LRIqkzNyTi6JT65Jg9yTJmkRRgR5Ia/kzXl23p0P53PRWnKKmVOyBOfrF6/RmAA=</latexit>

�k+ 1
2<latexit sha1_base64="5nOq2Qv45pCXazqvthU1F6zsxDc=">AAACEHicbZDJSgNBEIZrXGPcxuXmZTAIghBmctFj0IvHCGaBTBh6OjVJk56F7h4hDgNefAGfwKs+gXgRr76BD+B72FkOJvGHgp+/qqji8xPOpLLtb2NpeWV1bb2wUdzc2t7ZNff2GzJOBcU6jXksWj6RyFmEdcUUx1YikIQ+x6Y/uBr1m3coJIujWzVMsBOSXsQCRonSkWceuqIfe9ngzA0EoZmTZ5U898ySXbbHshaNMzWlqvP++AAANc/8cbsxTUOMFOVEyrZjJ6qTEaEY5ZgX3VRiQuiA9LCtbURClJ1s/H1uneikawWx0BUpa5z+3chIKOUw9PVkSFRfzvdG4X+9dqqCi07GoiRVGNHJoSDlloqtEQqrywRSxYfaECqY/tWifaIxKA1s5gqmHEVe1FyceQqLplEpO3bZudGALmGiAhzBMZyCA+dQhWuoQR0o3MMzvMCr8WS8GR/G52R0yZjuHMCMjK9frUefgg==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="9z+90Of1fugk0/wn2NlKzYuYJ7s=">AAACEHicbZC7SgNBFIZn4y3GW7x0NoNBEISwm0bLoI1lBHOB7LLMTs4mQ2YvzMwKcdlS7LWxtNUnEBux9Q0sLH0PJ5fCJP5w4Oc/53AOnxdzJpVpfhm5hcWl5ZX8amFtfWNzq7i905BRIijUacQj0fKIBM5CqCumOLRiASTwODS9/vmw37wGIVkUXqlBDE5AuiHzGSVKR25xzxa9yE37x7YvCE2tLK1kmVssmWVzJDxvrIkpVa2327uH78eaW/yxOxFNAggV5UTKtmXGykmJUIxyyAp2IiEmtE+60NY2JAFIJx19n+FDnXSwHwldocKj9O9GSgIpB4GnJwOienK2Nwz/67UT5Z86KQvjREFIx4f8hGMV4SEK3GECqOIDbQgVTP+KaY9oDEoDm7oCCQeRFTQXa5bCvGlUypZZti41oDM0Vh7towN0hCx0gqroAtVQHVF0g57QM3ox7o1X4934GI/mjMnOLpqS8fkLlKShkQ==</latexit><latexit sha1_base64="KqGInTtHlXpUaPbAOMbKjLrS24Q=">AAACEHicbZDLSsNAFIYn9VbrLV52boJFEISSdKPLohuXFewFmlAm05N26GQmzEyEGvISPoFbfQJ34tY38AF8D6dtFrb1hwM//zmHc/jChFGlXffbKq2tb2xulbcrO7t7+wf24VFbiVQSaBHBhOyGWAGjHFqaagbdRAKOQwadcHw77XceQSoq+IOeJBDEeMhpRAnWJurbJ74ciX42vvQjiUnm5Vk9z/t21a25MzmrxitMFRVq9u0ffyBIGgPXhGGlep6b6CDDUlPCIK/4qYIEkzEeQs9YjmNQQTb7PnfOTTJwIiFNce3M0r8bGY6VmsShmYyxHqnl3jT8r9dLdXQdZJQnqQZO5oeilDlaOFMUzoBKIJpNjMFEUvOrQ0bYYNAG2MIVSBnIvGK4eMsUVk27XvPcmnfvVhs3BaEyOkVn6AJ56Ao10B1qohYi6Am9oFf0Zj1b79aH9TkfLVnFzjFakPX1C49+nVI=</latexit>

�k+1
<latexit sha1_base64="h++Q/vI1bJWzUHRQFEk5vCXurRY=">AAACBHicbVDLSgNBEOyNrxhfUY9eVoMQEMKuFz0GvXiMYB6YLGF20psMmZ1dZmaFsOzVL/CqX+BNvIq/4Qf4Cd6dPA4msaChqOqmu8uPOVPacb6s3Mrq2vpGfrOwtb2zu1fcP2ioKJEU6zTikWz5RCFnAuuaaY6tWCIJfY5Nf3g99psPKBWLxJ0exeiFpC9YwCjRRrrvyEHUTYdnbtYtlpyKM4G9TNwZKVWPyz+fAFDrFr87vYgmIQpNOVGq7Tqx9lIiNaMcs0InURgTOiR9bBsqSIjKSycXZ/apUXp2EElTQtsT9e9ESkKlRqFvOkOiB2rRG4v/ee1EB5deykScaBR0uihIuK0je/y+3WMSqeYjQwiVzNxq0wGRhGoT0twWTDjKrGBycRdTWCaN84rrVNxbE9AVTJGHIziBMrhwAVW4gRrUgYKAJ3iGF+vRerXerPdpa86azRzCHKyPXxSxmuE=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="EKUBN6VZRoSnHm84yqK2UaeTv4c=">AAACBHicbVC7SgNBFJ2NrxhfUUub1SBEhLBro2XQxjKCeWB2CbOTu8mQ2ZllZlYIy7a2Nrb6BXZia+Ff+AF+gr2TR2ESD1w4nHMv994TxIwq7ThfVm5peWV1Lb9e2Njc2t4p7u41lEgkgToRTMhWgBUwyqGuqWbQiiXgKGDQDAZXI795D1JRwW/1MAY/wj1OQ0qwNtKdJ/uikw5O3axTLDkVZwx7kbhTUqoeln8+H72TWqf47XUFSSLgmjCsVNt1Yu2nWGpKGGQFL1EQYzLAPWgbynEEyk/HF2f2sVG6diikKa7tsfp3IsWRUsMoMJ0R1n01743E/7x2osMLP6U8TjRwMlkUJszWwh69b3epBKLZ0BBMJDW32qSPJSbahDSzBRIGMiuYXNz5FBZJ46ziOhX3xgR0iSbIowN0hMrIReeoiq5RDdURQRw9oWf0Yj1Yr9ab9T5pzVnTmX00A+vjF50wm/c=</latexit><latexit sha1_base64="np6x0EeJFfpSPcAEnBZU83Ouges=">AAACBHicbVDLSgNBEOyNrxhfUY9eBoMgCGHXix6DXjxGMA9MljA76U2GzM4uM7NCWHL1C7zqF3gTr/6HH+B/OEn2YBILGoqqbrq7gkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlx64axr1sdOFNeuWKW3VnIKvEy0kFctR75Z9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7OLJ+TMKn0SxsqWNGSm/p3IaKT1OApsZ0TNUC97U/E/r5Oa8NrPuExSg5LNF4WpICYm0/dJnytkRowtoUxxeythQ6ooMzakhS2YClSTks3FW05hlTQvq55b9e7dSu0mT6gIJ3AK5+DBFdTgDurQAAYSXuAV3pxn5935cD7nrQUnnzmGBThfv+PjmKM=</latexit>

�k
<latexit sha1_base64="pKEIrzD2TZfC1Ylp7Azb6eCj1+4=">AAACAHicbVC7SgNBFL3rM8ZX1FKLwSBYhV0bLYM2lgmYByRLmJ3cTcbMzi4zs0JY0vgFtvoFdmIn/omdjf/h5FGYxAMXDufcy733BIng2rjul7Oyura+sZnbym/v7O7tFw4O6zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMY3Iz9xgMqzWN5Z4YJ+hHtSR5yRo2V6m3VjzuDTqHoltwJyDLxZqRYPvmofgNApVP4aXdjlkYoDRNU65bnJsbPqDKcCRzl26nGhLIB7WHLUkkj1H42uXZEzqzSJWGsbElDJurfiYxGWg+jwHZG1PT1ojcW//NaqQmv/IzLJDUo2XRRmApiYjJ+nXS5QmbE0BLKFLe3EtanijJjA5rbgqlANcrbXLzFFJZJ/aLkuSWvagO6hilycAyncA4eXEIZbqECNWBwD0/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BYn6ZbA==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="jWBcMihGIq4218QGFj7BMw0FREg=">AAACAHicbVC7SgNBFJ2NrxhfUUtFBoNgFXZttAzaWCZgHpAsYXZyNxkzO7PMzAphSSPY2+oX2Ild8E/8ACt/wsmjMIkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3D2paJopClUouVSMgGjgTUDXMcGjECkgUcKgH/ZuxX38ApZkUd2YQgx+RrmAho8RYqdZSPdnut/MFt+hOgJeJNyOF0vGo8vN0Miq389+tjqRJBMJQTrRuem5s/JQowyiHYa6VaIgJ7ZMuNC0VJALtp5Nrh/jMKh0cSmVLGDxR/06kJNJ6EAW2MyKmpxe9sfif10xMeOWnTMSJAUGni8KEYyPx+HXcYQqo4QNLCFXM3oppjyhCjQ1obgskHNQwZ3PxFlNYJrWLoucWvYoN6BpNkUVH6BSdIw9dohK6RWVURRTdo2f0gl6dR+fNeXc+pq0ZZzZziObgfP4CW1Wa0g==</latexit><latexit sha1_base64="7ivyW2iQl74MvQ5OWpBPpmiruPg=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCAJYXbSm4yZnVlmZoWw5OIXeNUv8CZe/RM/wP9wkuzBJBY0FFXddHeFieDG+v63t7a+sbm1Xdgp7u7tHxyWjo4bRqWaYZ0poXQrpAYFl1i33ApsJRppHApshqPbqd98Qm24kg92nGA3pgPJI86odVKjo4eqN+qVyn7Fn4GskiAnZchR65V+On3F0hilZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VNIYTTebXTsh507pk0hpV9KSmfp3IqOxMeM4dJ0xtUOz7E3F/7x2aqPrbsZlklqUbL4oSgWxikxfJ32ukVkxdoQyzd2thA2ppsy6gBa2YCpQT4oul2A5hVXSuKwEfiW498vVmzyhApzCGVxAAFdQhTuoQR0YPMILvMKb9+y9ex/e57x1zctnTmAB3tcvJ2WXJw==</latexit>

) (new!) optimal convergence rate for proximal point under PL

Technique 1: Continuous time
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<latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit><latexit sha1_base64="YnnP4orBWcSs0fqauI4GnVxcB9o=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepk6ShzJR8M8axnlu2qPZW1bJzclEmues/8cfsRSwIIkQmqVMexY+ymVCJnArKSmyiIKRvRAXS0DWkAqptOv5BZpzrpW34k9QvRmqZ/J1IaKDUOPN0ZUByqxdok/K/WSdC/6qY8jBOEkM0W+YmwMLImPKw+l8BQjLWhTHJ9q8WGVMNATW1uCyQCZFbSXJxFCsumeV517Kpzf1GuXeeEiuSYnJAKccglqZFbUicNwsgTeSGv5M14Nt6ND+Nz1low8plDMifj6xdIbp9Q</latexit>
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<latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit><latexit sha1_base64="XJP70umaekXTR8XAoN6UXfXC0i0=">AAACFXicbZDLSsNAFIYn9VbrLepK3ASLUDclEUGXRTfurGAv0JQymZ60QycXZk6EEoKP4RO41SdwJ25d+wC+h9M2C9v6w8DPf87hnPm8WHCFtv1tFFZW19Y3ipulre2d3T1z/6CpokQyaLBIRLLtUQWCh9BAjgLasQQaeAJa3uhmUm89glQ8Ch9wHEM3oIOQ+5xR1FHPPLpzBfhYcX1JWepkKWau5IMhnvXMsl21p7KWjZObMslV75k/bj9iSQAhMkGV6jh2jN2USuRMQFZyEwUxZSM6gI62IQ1AddPpFzLrVCd9y4+kfiFa0/TvREoDpcaBpzsDikO1WJuE/9U6CfpX3ZSHcYIQstkiPxEWRtaEh9XnEhiKsTaUSa5vtdiQahioqc1tgUSAzEqai7NIYdk0z6uOXXXuL8q165xQkRyTE1IhDrkkNXJL6qRBGHkiL+SVvBnPxrvxYXzOWgtGPnNI5mR8/QJXBZ9Z</latexit>

f convex
<latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit><latexit sha1_base64="4JS4m8pJS4A9v8pQWYYIH7A17AE=">AAACC3icbVDLSsNAFJ3UV62PVl26CRbBVUlE0GXRjcsK9gFtKJPpTTt0MgkzN6UlxD/wC9zqF7gTt36EH+B/OH0sbOuBC4dz7uVcjh8LrtFxvq3cxubW9k5+t7C3f3BYLB0dN3SUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+cwRK80g+4iQGL6R9yQPOKBqpWyoGTx2EMaYskiMYZ91S2ak4M9jrxF2QMlmg1i39dHoRS0KQyATVuu06MXopVciZgKzQSTTElA1pH9qGShqC9tLZ45l9bpSeHUTKjER7pv69SGmo9ST0zWZIcaBXvan4n9dOMLjxUi7jBEGyeVCQCBsje9qC3eMKGIqJIZQpbn612YAqytB0tZQCiQCVFUwv7moL66RxWXGdivtwVa7eLhrKk1NyRi6IS65JldyTGqkTRhLyQl7Jm/VsvVsf1ud8NWctbk7IEqyvX6gkm9c=</latexit>

Gradient descent
<latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit><latexit sha1_base64="KdCNjmJE1jyGE1fHHhZYKNOTJW8=">AAACE3icbVDLSsNAFL2pr1pfURcu3ASL4KokIuhKCi50WcE+oA1lMrlph04ezEzEEvIZfoFb/QJ34tYP8AP8D6dtFrb1wjCHc+7h3nu8hDOpbPvbKK2srq1vlDcrW9s7u3vm/kFLxqmg2KQxj0XHIxI5i7CpmOLYSQSS0OPY9kY3E739iEKyOHpQ4wTdkAwiFjBKlKb65lFP4ZPKbgXxGUbK8lFS/ed9s2rX7GlZy8ApQBWKavTNn54f0zTUZsqJlF3HTpSbEaEY5ZhXeqnEhNARGWBXw4iEKN1sekBunWrGt4JY6KeXmLJ/HRkJpRyHnu4MiRrKRW1C/qd1UxVcuRmLklRhRGeDgpRbKrYmaVg+E0gVH2tAqGB6V4sOiSBU6czmpmDKUeQVnYuzmMIyaJ3XHLvm3F9U69dFQmU4hhM4AwcuoQ530IAmUMjhBV7hzXg23o0P43PWWjIKzyHMlfH1C2RZnuA=</latexit>

Gradient flow
<latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit><latexit sha1_base64="9yWNWt8Sber8B7B0q8+qaC02cm8=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoCspuNBlBfuANpTJ9KYdOsmEmYlaQ37CL3CrX+BO3PoHfoD/4bTNwrYeGDicc+/cw/FjzpR2nG+rsLS8srpWXC9tbG5t79i7ew0lEkmhTgUXsuUTBZxFUNdMc2jFEkjoc2j6w6ux37wHqZiI7vQoBi8k/YgFjBJtpK590NHwqNNrSXoMIo0DLh6yrl12Ks4EeJG4OSmjHLWu/dPpCZqE5gfKiVJt14m1lxKpGeWQlTqJgpjQIelD29CIhKC8dJI+w8dG6eFASPNMgon6dyMloVKj0DeTIdEDNe+Nxf+8dqKDCy9lUZxoiOj0UJBwrAUeV4F7TALVfGQIoZKZrJgOiCRUm8JmrkDCQWYl04s738IiaZxWXKfi3p6Vq5d5Q0V0iI7QCXLROaqiG1RDdUTRE3pBr+jNerberQ/rczpasPKdfTQD6+sX+1+dlA==</latexit>

continuous-time

dynamics
<latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit><latexit sha1_base64="0mA6Rdm6NRFmP7tEyLVa2JGWdYw="></latexit>

discrete-tim
e

algorithms
<latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit><latexit sha1_base64="5CZHcEPiFGmVEbu80szOFZM8UuM="></latexit>

discretize
<latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit><latexit sha1_base64="QjA3HO+/YGMdzU6s6w4oBOY4Xuc=">AAACDXicbVDLSsNAFJ34rPWV6tJNsAiuSiKCrqTgxmUF+4A2lMnkph06eTBzo9aQb/AL3OoXuBO3foMf4H84bbOwrQcuHM65l3M5XiK4Qtv+NlZW19Y3Nktb5e2d3b19s3LQUnEqGTRZLGLZ8agCwSNoIkcBnUQCDT0BbW90PfHb9yAVj6M7HCfghnQQ8YAzilrqm5UewiNmPldMAvInyPtm1a7ZU1jLxClIlRRo9M2fnh+zNIQImaBKdR07QTejEjkTkJd7qYKEshEdQFfTiIag3Gz6em6daMW3gljqidCaqn8vMhoqNQ49vRlSHKpFbyL+53VTDC7djEdJihCxWVCQCgtja9KD5XMJDMVYE8ok179abEglZajbmkuBVIDMy7oXZ7GFZdI6qzl2zbk9r9avioZK5Igck1PikAtSJzekQZqEkQfyQl7Jm/FsvBsfxudsdcUobg7JHIyvXy2pnKY=</latexit>

� � 0
<latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit><latexit sha1_base64="XEeoAB8ngDnN3oJ9pYaujvVxeyM=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJePEYwTwwu4TZSW8yZHZ2mekVQsjVL/CqX+BNvPoffoD/4STZg0ksaCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIXD26nfegJtRKIecJRCELO+EpHgDK306AMy6mNC3W654lbdGegq8XJSITnq3fKP30t4FoNCLpkxHc9NMRgzjYJLmJT8zEDK+JD1oWOpYjGYYDy7eELPrNKjUaJtKaQz9e/EmMXGjOLQdsYMB2bZm4r/eZ0Mo+tgLFSaISg+XxRlktoXp+/TntDAUY4sYVwLeyvlA6YZRxvSwhbIJOhJyebiLaewSpoXVc+teveXldpNnlCRnJBTck48ckVq5I7USYNwosgLeSVvzrPz7nw4n/PWgpPPHJMFOF+/GhCYJQ==</latexit>

xk+1 � xk

�
= �rf(xk)

<latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit><latexit sha1_base64="bsy6OfGuzItCjWUXUftzUXMVySQ="></latexit>

t = �k
<latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit><latexit sha1_base64="rhcHK6BjdxivEvpU6aEIJv3FIaQ=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoBch4MVjBPPAZAmzk95kyOzsMtMrhCVXv8CrfoE38ep/+AH+h5NkDyaxoKGo6qa7K0ikMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbqd+6wm0EbF6wHECfsQGSoSCM7TSI9Ib2gVkdNQrV9yqOwNdJV5OKiRHvVf+6fZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/omVX6NIy1LYV0pv6dyFhkzDgKbGfEcGiWvan4n9dJMbz2M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQFrZAKkFPSjYXbzmFVdK8qHpu1bu/rNQu84SK5IScknPikStSI3ekThqEE0VeyCt5c56dd+fD+Zy3Fpx85pgswPn6BcLHl+g=</latexit>

f convex, smooth
<latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit><latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit><latexit sha1_base64="cxmBEcIovmLYzzqdlKkYkObRVlU=">AAACJHicbVDLSgMxFM34rPVVdekmWAUXUmZE0JUU3LisYKvQlpJJ77ShmWRI7pSWYX7Bz/AL3OoXuBMXbtz5H6a1C18HAodz7r0nnDCRwqLvv3lz8wuLS8uFleLq2vrGZmlru2F1ajjUuZba3IbMghQK6ihQwm1igMWhhJtwcDHxb4ZgrNDqGscJtGPWUyISnKGTOqXDFsIIs/1on3KthjA6ollrejYz0M0zG2uN/TzPO6WyX/GnoH9JMCNlMkOtU/podTVPY1DIJbO2GfgJtjNmUHAJebGVWkgYH7AeNB1VLAbbzqbROT1wSpdG2rinkE7V7xsZi60dx6GbjBn27W9vIv7nNVOMztqZUEmKoPhXUJRKippO6qFdYYCjHDvCuBHur5T3mWEcXYk/UiCVYPKi6yX43cJf0jiuBH4luDopV89nDRXILtkjhyQgp6RKLkmN1Aknd+SBPJIn79579l6816/ROW+2s0N+wHv/BEPrpjs=</latexit>
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Summary

• Sampling as Optimization in the space of distributions:

◦ Cts. time: Langevin dynamics ⇔ Gradient flow

◦ Disc. time: Proximal Sampler ≈ Proximal gradient method

• Proximal Sampler has unbiased convergence guarantees,
matching Langevin dynamics and Proximal gradient:

◦ In KL divergence/Rényi divergence under LSI

◦ In Φ-divergence under SLC (⇒ Φ-Sobolev)

◦ In relative FI under SLC

• Technique: SDPI along Fokker-Planck channels

◦ SDPI in KL/Rényi always holds under LSI

◦ DPI in FI does not always hold, even for Gaussian channel

◦ (S)DPI in FI holds under (strong) log-concavity
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Questions

• SDPI in FI for other channels, under LSI or weaker conditions?

• Mixing time in relative FI for other sampling algorithms?

• Acceleration in Sampling (⇔ matching rates with Opt)?

◦ Want Õ(
√

L
α ) iteration complexity in discrete time

(c.f. Proximal Sampler needs Õ(dLα ) iterations)

Thank you!
[W., “Mixing Time of Proximal Sampler in Relative Fisher Information via Strong

Data Processing Inequality”, COLT 2025]
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Key: SDPI in KL along Fokker-Planck Channel under LSI

Lemma: Suppose (ρt)t≥0 and (νt)t≥0 evolve following the PDE:

∂tρt = −∇ · (ρtbt) + c
2∆ρt

∂tνt = −∇ · (νtbt) + c
2∆νt

for any smooth vector field bt : Rd → Rd and constant c ≥ 0.
Then for any t ≥ 0:

d

dt
KL(ρt ∥ νt) = − c

2
FI(ρt ∥ νt).

Therefore, if we know that νt satisfies αt-LSI for all t ≥ 0, then:

KL(ρt ∥ νt) ≤ exp

(
−c

∫ t

0
αs ds

)
KL(ρ0 ∥ ν0).

• Identity also holds for Rényi and all Φ-divergence.

• To apply, key is to control evolution of LSI constant along PDE.
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Eventual SDPI in FI along Ornstein-Uhlenbeck Channel

Theorem: Along the OU channel (Langevin to N (0, γ−1I)):

Xt = e−γtX0 +

√
1− e−2γt

γ
Z, Z ∼ N (0, I)

If ν0 is α-strongly log-concave, then we have (eventual) SDPI:

FI(ρt ∥ νt) ≤
γ2 FI(ρ0 ∥ ν0)

(α+ e−2γt(γ − α))2
e−2γt

• Improved rate if ρ0 satisfies Poincaré and symmetry

• If γ → 0, this recovers the Gaussian channel result.
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Eventual SDPI in FI along Ornstein-Uhlenbeck Channel
Example: Along the OU channel (targeting N (0, 1)):

Xt = e−tX0 +
√
1− e−2t Z, Z ∼ N (0, 1)

• Let ρ0 = N (0, 0.01), and ν0 = N (0, 10)
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