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Doi-Peliti framework expresses Markov jump processes in a 
second quantized form. 
[Doi, Peliti, Garrahan, van Wijland, Cardy, Tauber, others]

Given a Hamiltonian in second quantized form, tensor network 
numerical methods from quantum dynamics controllably find 
ground states (steady states here) and propagate dynamics.
[Fishman, White, Stoudenmire, Vanderstraeten, Haegeman, 
Verstraete, others]

Put the two together as a numerical method for calculating 
the rate of a rare event in a many-body discrete jump process.



Act I: 
Sick of Sampling

3 S.B. Nicholson and T.R. Gingrich, arXiv:2301.03717, 2023.



Well-mixed chemostated 
chemical kinetics
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Rate calculations from 
realizations
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• Brute force Gillespie/SSA
• Milestoning
• TPS
• FFS
• Other Advanced Sampling
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Realizations versus distributions
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Evolution of the distribution
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Master Equation
@ |pi
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Matrix exponentiation naturally 
averages over all possible trajectories

|pssi = lim
t!1

eWt|p(0)i = |0i

<latexit sha1_base64="s8llEdJ8iWNiMf9glbhhD0DM4cY="></latexit>

The maximal eigenvector gives 
the steady state distribution
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<latexit sha1_base64="gaM4iiFTMGUtOWO9l6CK+2nUjpc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdVNy4r2AdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTu9zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs5vZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqXD41a87aoowwncArn4MEVNOEeWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPcuaRXw==</latexit>

B

<latexit sha1_base64="AiPgsAQNYpzQKsJ8BFxqlG5mprM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS0WWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92ruteoXz80as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdGuRYA==</latexit>

/ kBAt

<latexit sha1_base64="HwKkise9RvpAqqZOMaanL2ehD4Y=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbB1ZBpp4zd1bpxWcE+oB2GTJq2oZkHSUYoQ8GNv+LGhSJu/Ql3/o3pQ1DRA4HDOfeSe06QcCYVQh9GbmV1bX0jv1nY2t7Z3TP3D1oyTgWhTRLzWHQCLClnEW0qpjjtJILiMOC0HYwvZ377lgrJ4uhGTRLqhXgYsQEjWGnJN496iYgTFcOxn/VCrEYE86x+MZ1C5ZtFZKGya7sIIsspVV23rEnVraKKA20LzVEESzR8873Xj0ka0kgRjqXs2ihRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjbPMIWnWunDQSz0ixScq983MhxKOQkDPTk7U/72ZuJfXjdVg3MvY1GSKhqRxUeDlEOdeVYI7DNBieITTTARTN8KyQgLTJSuraBL+EoK/yetkmU7VuXaKdbqyzry4BicgDNgAxfUwBVogCYg4A48gCfwbNwbj8aL8boYzRnLnUPwA8bbJ6eQmDI=</latexit>
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propagators
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1

k

<latexit sha1_base64="r3YChUiFUiR/ENE+kWu1wo55f7M="></latexit>

10

/ kBAt

<latexit sha1_base64="HwKkise9RvpAqqZOMaanL2ehD4Y=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbB1ZBpp4zd1bpxWcE+oB2GTJq2oZkHSUYoQ8GNv+LGhSJu/Ql3/o3pQ1DRA4HDOfeSe06QcCYVQh9GbmV1bX0jv1nY2t7Z3TP3D1oyTgWhTRLzWHQCLClnEW0qpjjtJILiMOC0HYwvZ377lgrJ4uhGTRLqhXgYsQEjWGnJN496iYgTFcOxn/VCrEYE86x+MZ1C5ZtFZKGya7sIIsspVV23rEnVraKKA20LzVEESzR8873Xj0ka0kgRjqXs2ihRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjbPMIWnWunDQSz0ixScq983MhxKOQkDPTk7U/72ZuJfXjdVg3MvY1GSKhqRxUeDlEOdeVYI7DNBieITTTARTN8KyQgLTJSuraBL+EoK/yetkmU7VuXaKdbqyzry4BicgDNgAxfUwBVogCYg4A48gCfwbNwbj8aL8boYzRnLnUPwA8bbJ6eQmDI=</latexit>

h1| P̂BeWtP̂A |pssi
h1| P̂A |pssi

<latexit sha1_base64="QNMmx6IpvUXbBfoIi0hjq5qxQFk="></latexit>

P̂A |pssi
h1| P̂A |pssi

<latexit sha1_base64="Rdx1hE4+L8XVp1cisqw40x7IdiI="></latexit>



Reaction Diffusion

11

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

1

<latexit sha1_base64="MMIAP3nsMe/tMB1hzvdeiht0DHs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfTWMvQ==</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>



Collective hops from high-X to 
low-X states…
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. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>
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X1 = 65

<latexit sha1_base64="URPsd/CLbjDj+oW4ESFwQhfy4bs="></latexit>

X3 = 93

<latexit sha1_base64="dKRGMacsasji4ZOElKi4I8LSh24="></latexit>

X2 = 74

<latexit sha1_base64="mlwlu9oyc+xx5kzi0Mn9kIUKYZc="></latexit>

XL = 80

<latexit sha1_base64="iTZg/KDEf4yTH7I5xXd/wRpjLMw="></latexit>

XL�1 =

67

<latexit sha1_base64="WBIMe2GW3I6N3B8UEO/Ik0PLWbQ="></latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

...

<latexit sha1_base64="0F4JvgTHO62+1cKmAcEqTbjj0gk="></latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>



Two different issues…

13

Gillespie realizations 
Time between events shrinks 

as system size grows

Evolution of distribution 
Many-body problem

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

1

<latexit sha1_base64="MMIAP3nsMe/tMB1hzvdeiht0DHs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfTWMvQ==</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

|pi =

0

BBBBB@

pX=0

pX=1

pX=2

pX=3
...

1

CCCCCA

<latexit sha1_base64="N4TK+nGmS5kHjwLWLM1FFvHRrqw="></latexit>

WB =

0

BBBBB@

�nBc3 c4 0 0
nBc3 �nBc3 � c4 2c4 0 . . .
0 nBc3 �nBc3 � 2c4 3c4
0 0 nBc3 �nBc3 � 3c4

...
. . .

1

CCCCCA

<latexit sha1_base64="rNIgWlYyT8aIXEWtfH4p9Qa73Rk="></latexit>



Act II: 
Tensor Networks

14

N.E. Strand, H. Vroylandt, and T.R. Gingrich, JCP, 156, 221103, 2022. 
N.E. Strand, H. Vroylandt, and T.R. Gingrich, JCP, 157, 054109, 2022.



Ratchets and Current Reversals

15

Current-reversal 
frequency increases!



What would it take to evolve a 1d 
flashing ratchet in distribution?

16

|pi =
X

X1,X2,...,XL

cX1,X2,...,XL |X1, X2, . . . , XLi

<latexit sha1_base64="inXMhvmpMK+vC2vQWXUYE35uEmA="></latexit>



17

The distribution over microstates 
is encoded in a rank L tensor
|pi =

X

X1,X2,...,XL

cX1,X2,...,XL |X1, X2, . . . , XLi

<latexit sha1_base64="inXMhvmpMK+vC2vQWXUYE35uEmA="></latexit>

c0,0,0,0,0,1,1,1,1,1,1,1,0,1,0,0

<latexit sha1_base64="2at1CQUzkCDR4M2/lDwXO9WjhnA="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>



18

The rate matrix for transitions between 
microstates is a rank 2L tensor

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

@ |pi
@t

= W|pi

<latexit sha1_base64="kK4knqiM2qNhNDpcppoKul0Z22g="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

W

<latexit sha1_base64="c6vl+9lVY8a4zMcYdZaWgqaoK2s="></latexit>



A second-quantized 
representation 

19

This Doi-Peliti form can’t save me from the fact that there are 
too many microstates to enumerate their probabilities:

|pi =
X

X1,X2,...,XL

cX1,X2,...,XL |X1, X2, . . . , XLi

<latexit sha1_base64="inXMhvmpMK+vC2vQWXUYE35uEmA="></latexit>

We need a variational principle a la quantum mechanics.
[Doi 1976, Peliti 1985]



A variational principle

20

Set of all normalizable wavefunctions

Gaussian trial functions

Ground State



A time-dependent variational 
principle (TDVP)

21

Set of all normalizable wavefunctions

Ground State
Start with a valid 

trial function
Evolve with an 

infinitesimal timestep
Project back to the 

subspace of trial functions

↵(t)

<latexit sha1_base64="GoPLIXTFm88g6YrHCvkpwLyaw9Y="></latexit>



A variational principle

22

Set of all distributions

Steady State

Some expressive trial functions



Tensor networks as variational 
trial functions

23

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

cX1,X2,...,XL

<latexit sha1_base64="aUvZoYUZWCeOwgxtonWt7gmp3L4="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

1

<latexit sha1_base64="/Dp0daQMLXwr20B5zQ8xXAOO1kQ="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

0

<latexit sha1_base64="h9u9njXjcCKPzMrQNuuL1I0Mrus="></latexit>

⇡

<latexit sha1_base64="z98znrVe27Sa4N5ZZdTV2ZTV3LI="></latexit>

Aij

<latexit sha1_base64="oIwHp291arTVcrySGBbwEDo4BNo="></latexit>

i

<latexit sha1_base64="/rroGLMD1mSm4Ll4qbxChRvQBI8="></latexit>

j

<latexit sha1_base64="r2wjxVEhGwjieqQE3dms64HhHKs="></latexit>

j

<latexit sha1_base64="r2wjxVEhGwjieqQE3dms64HhHKs="></latexit>

Bjkl

<latexit sha1_base64="s4O3fDYtEDM7TmXWJE9MBjvEUo0="></latexit>

k

<latexit sha1_base64="UvGgn1y2RmSaAb+AHp7z1aIaNgU="></latexit>

l

<latexit sha1_base64="NkS5GT2skXIdCHJ+wy5DkIRBr7M="></latexit>

=
???X

j=1

AijBjkl

<latexit sha1_base64="jWfi10QXx7jFZv4z80cRU/htJ/g="></latexit>

D. Bauernfeind and M. Aichhorn, SciPost Phys. (2020).



A TN variational principle

24

Set of all distributions

Steady State

DMRG

TDVP



TDVP can extract time-
periodic steady states

25 N.E. Strand, H. Vroylandt, and T.R. Gingrich, JCP, 156, 221103, 2022.



Act III: 
Putting It Together

26 S.B. Nicholson and T.R. Gingrich, arXiv:2301.03717, 2023.



Reaction Diffusion

27

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

1

<latexit sha1_base64="MMIAP3nsMe/tMB1hzvdeiht0DHs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfTWMvQ==</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>
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|pi =
X

X1,X2,...,XL

cX1,X2,...,XL |X1, X2, . . . , XLi

<latexit sha1_base64="inXMhvmpMK+vC2vQWXUYE35uEmA="></latexit>

X
1
=
65

<latexit sha1_base64="URPsd/CLbjDj+oW4ESFwQhfy4bs="></latexit>

X
2
=
74

<latexit sha1_base64="mlwlu9oyc+xx5kzi0Mn9kIUKYZc="></latexit>

X
L
=
80

<latexit sha1_base64="iTZg/KDEf4yTH7I5xXd/wRpjLMw="></latexit>

c65,74,...,80 =

<latexit sha1_base64="KO3UDn/gu//7Fu1afZeeBT5/H1k="></latexit>

X
3
=
73

<latexit sha1_base64="zPOqt+RGLsf4qzspszTduMiEf38="></latexit>

X
L
�
1
=
67

<latexit sha1_base64="epYZK0xX9wjorn+aPFWVKdvKJaI="></latexit>

⇡

<latexit sha1_base64="z98znrVe27Sa4N5ZZdTV2ZTV3LI="></latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

X
1
=
65

<latexit sha1_base64="URPsd/CLbjDj+oW4ESFwQhfy4bs="></latexit>

X
2
=
74

<latexit sha1_base64="mlwlu9oyc+xx5kzi0Mn9kIUKYZc="></latexit>

X
L
=
80

<latexit sha1_base64="iTZg/KDEf4yTH7I5xXd/wRpjLMw="></latexit>

X
3
=
73

<latexit sha1_base64="zPOqt+RGLsf4qzspszTduMiEf38="></latexit>

X
L
�
1
=
67

<latexit sha1_base64="epYZK0xX9wjorn+aPFWVKdvKJaI="></latexit>
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|p(t)i = eWt|p(0)i

<latexit sha1_base64="7exUWxVHC2dHR297bSbWo5Rintw="></latexit>

⇡

<latexit sha1_base64="z98znrVe27Sa4N5ZZdTV2ZTV3LI="></latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

cX1,X2,...,XL =

<latexit sha1_base64="Ppz1jf0jayhHy8WNQaWDU6ukwso="></latexit>

Time t

<latexit sha1_base64="8dVLpQEvU23xqxKibFwVgZ/bkOY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48R8oJkCbOTTjJkZned6Q2GJd/hxYMiXv0Yb/6Nk2QPmljQUFR1090VxFIYdN1vJ7e2vrG5ld8u7Ozu7R8UD48aJko0hzqPZKRbATMgRQh1FCihFWtgKpDQDEZ3M785Bm1EFNZwEoOv2CAUfcEZWsnvIDxhWhMK6BS7xZJbduegq8TLSIlkqHaLX51exBMFIXLJjGl7box+yjQKLmFa6CQGYsZHbABtS0OmwPjp/OgpPbNKj/YjbStEOld/T6RMGTNRge1UDIdm2ZuJ/3ntBPs3firCOEEI+WJRP5EUIzpLgPaEBo5yYgnjWthbKR8yzTjanAo2BG/55VXSuCh7l+Wrh8tS5TaLI09OyCk5Jx65JhVyT6qkTjh5JM/klbw5Y+fFeXc+Fq05J5s5Jn/gfP4A/bSSQA==</latexit>

⇡

<latexit sha1_base64="z98znrVe27Sa4N5ZZdTV2ZTV3LI="></latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

Time t+�t

<latexit sha1_base64="TGGzea195fI1Nrwk3wSodwQGsJ4=">AAACAXicdVDJSgNBEO1xN25RL4KXxiAIwtDjkphbUA8eIyQxkITQ06loY89Cd40YhnjxV7x4UMSrf+HNv7GzCCr6oODxXhVV9fxYSYOMfTgTk1PTM7Nz85mFxaXllezqWs1EiRZQFZGKdN3nBpQMoYoSFdRjDTzwFVz41ycD/+IGtJFRWMFeDK2AX4ayKwVHK7WzG02EW0wrMgDaR7pLm6egkFNsZ3PMLbAC8wqUufvFo/08syRfLHp7eeq5bIgcGaPczr43O5FIAghRKG5Mw2MxtlKuUQoF/UwzMRBzcc0voWFpyAMwrXT4QZ9uW6VDu5G2FSIdqt8nUh4Y0wt82xlwvDK/vYH4l9dIsHvUSmUYJwihGC3qJopiRAdx0I7UIFD1LOFCS3srFVdcc4E2tIwN4etT+j+p7bnegXt4fpArHY/jmCObZIvsEI8USImckTKpEkHuyAN5Is/OvfPovDivo9YJZzyzTn7AefsEw3aWeA==</latexit>

The spirit of the procedure…

But how…?



Doi-Peliti
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W = WA +WB

<latexit sha1_base64="aZH3YMhO5hcBkrlbMIoOD8d+5YE="></latexit>

x†2 ⇥�c1x† + c2
�
I� x†�x

�
x2

⇤

<latexit sha1_base64="bOnxyz/GrZpjGIxtZ1KWow+UBg0="></latexit>

x†(c3 � c4)x+ c4

<latexit sha1_base64="r02+IrvFZFFHsW1yB83OLJb7VT4="></latexit>

X

<latexit sha1_base64="i2GboyrnBNSlEZybQZZAsFDO0L0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKtg20oWy223bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPth9RwKRRvoEDJ/URzGoWSt8LRzdRvPXJtRKzucZzwIKIDJfqCUbSS30H+hJk/6ZYrbtWdgSwTLycVyFHvlr86vZilEVfIJDWm7bkJBhnVKJjkk1InNTyhbEQHvG2pohE3QTa7d0JOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/ee0U+1dBJlSSIldsvqifSoIxmT5PekJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3rn1Yu780rtOo+jCEdwDKfgwSXU4Bbq0AAGEp7hFd6cB+fFeXc+5q0FJ585hD9wPn8AeLSQQw==</latexit>

A

<latexit sha1_base64="76/YukxHljcgFbXkuSHnOw7MOL4=">AAAB73icbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo+oF4+YyCOBDZkdGpgwO7vO9BrJhp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EqtDsITpleTbrHklt0Z6DLxMlIiGWrd4lenF/EkBIVcMmPanhujnzKNgkuYFDqJgZjxERtA21LFQjB+Ort3Qk+s0qP9SNtSSGfq74mUhcaMw8B2hgyHZtGbiv957QT7l34qVJwgKD5f1E8kxYhOn6c9oYGjHFvCuBb2VsqHTDOONqKCDcFbfHmZNM7KXqV8flcpVa+zOPLkiByTU+KRC1Ilt6RG6oQTSZ7JK3lzHpwX5935mLfmnGzmkPyB8/kDVcGQLA==</latexit>

B

<latexit sha1_base64="TxLktiHoWWt2yNB8ASZ0CzbyP/0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo8ELx4xkUcCGzI7DDBhdnad6TWSDT/hxYPGePV3vPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiGW+wSEa6HVDDpVC8gQIlb8ea0zCQvBWMb2Z+65FrIyJ1j5OY+yEdKjEQjKKV2l3kT5jWpr1iyS27c5BV4mWkBBnqveJXtx+xJOQKmaTGdDw3Rj+lGgWTfFroJobHlI3pkHcsVTTkxk/n907JmVX6ZBBpWwrJXP09kdLQmEkY2M6Q4sgsezPxP6+T4ODaT4WKE+SKLRYNEkkwIrPnSV9ozlBOLKFMC3srYSOqKUMbUcGG4C2/vEqaF2WvUr68q5SqtSyOPJzAKZyDB1dQhVuoQwMYSHiGV3hzHpwX5935WLTmnGzmGP7A+fwBV0aQLQ==</latexit>

A

<latexit sha1_base64="76/YukxHljcgFbXkuSHnOw7MOL4=">AAAB73icbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo+oF4+YyCOBDZkdGpgwO7vO9BrJhp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EqtDsITpleTbrHklt0Z6DLxMlIiGWrd4lenF/EkBIVcMmPanhujnzKNgkuYFDqJgZjxERtA21LFQjB+Ort3Qk+s0qP9SNtSSGfq74mUhcaMw8B2hgyHZtGbiv957QT7l34qVJwgKD5f1E8kxYhOn6c9oYGjHFvCuBb2VsqHTDOONqKCDcFbfHmZNM7KXqV8flcpVa+zOPLkiByTU+KRC1Ilt6RG6oQTSZ7JK3lzHpwX5935mLfmnGzmkPyB8/kDVcGQLA==</latexit>

A

<latexit sha1_base64="76/YukxHljcgFbXkuSHnOw7MOL4=">AAAB73icbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo+oF4+YyCOBDZkdGpgwO7vO9BrJhp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EqtDsITpleTbrHklt0Z6DLxMlIiGWrd4lenF/EkBIVcMmPanhujnzKNgkuYFDqJgZjxERtA21LFQjB+Ort3Qk+s0qP9SNtSSGfq74mUhcaMw8B2hgyHZtGbiv957QT7l34qVJwgKD5f1E8kxYhOn6c9oYGjHFvCuBb2VsqHTDOONqKCDcFbfHmZNM7KXqV8flcpVa+zOPLkiByTU+KRC1Ilt6RG6oQTSZ7JK3lzHpwX5935mLfmnGzmkPyB8/kDVcGQLA==</latexit>

A

<latexit sha1_base64="76/YukxHljcgFbXkuSHnOw7MOL4=">AAAB73icbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo+oF4+YyCOBDZkdGpgwO7vO9BrJhp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxjdTP3mI2gjInWP4xj8kA2U6AvO0EqtDsITpleTbrHklt0Z6DLxMlIiGWrd4lenF/EkBIVcMmPanhujnzKNgkuYFDqJgZjxERtA21LFQjB+Ort3Qk+s0qP9SNtSSGfq74mUhcaMw8B2hgyHZtGbiv957QT7l34qVJwgKD5f1E8kxYhOn6c9oYGjHFvCuBb2VsqHTDOONqKCDcFbfHmZNM7KXqV8flcpVa+zOPLkiByTU+KRC1Ilt6RG6oQTSZ7JK3lzHpwX5935mLfmnGzmkPyB8/kDVcGQLA==</latexit>

B

<latexit sha1_base64="TxLktiHoWWt2yNB8ASZ0CzbyP/0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo8ELx4xkUcCGzI7DDBhdnad6TWSDT/hxYPGePV3vPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiGW+wSEa6HVDDpVC8gQIlb8ea0zCQvBWMb2Z+65FrIyJ1j5OY+yEdKjEQjKKV2l3kT5jWpr1iyS27c5BV4mWkBBnqveJXtx+xJOQKmaTGdDw3Rj+lGgWTfFroJobHlI3pkHcsVTTkxk/n907JmVX6ZBBpWwrJXP09kdLQmEkY2M6Q4sgsezPxP6+T4ODaT4WKE+SKLRYNEkkwIrPnSV9ozlBOLKFMC3srYSOqKUMbUcGG4C2/vEqaF2WvUr68q5SqtSyOPJzAKZyDB1dQhVuoQwMYSHiGV3hzHpwX5935WLTmnGzmGP7A+fwBV0aQLQ==</latexit>

B

<latexit sha1_base64="TxLktiHoWWt2yNB8ASZ0CzbyP/0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo8ELx4xkUcCGzI7DDBhdnad6TWSDT/hxYPGePV3vPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiGW+wSEa6HVDDpVC8gQIlb8ea0zCQvBWMb2Z+65FrIyJ1j5OY+yEdKjEQjKKV2l3kT5jWpr1iyS27c5BV4mWkBBnqveJXtx+xJOQKmaTGdDw3Rj+lGgWTfFroJobHlI3pkHcsVTTkxk/n907JmVX6ZBBpWwrJXP09kdLQmEkY2M6Q4sgsezPxP6+T4ODaT4WKE+SKLRYNEkkwIrPnSV9ozlBOLKFMC3srYSOqKUMbUcGG4C2/vEqaF2WvUr68q5SqtSyOPJzAKZyDB1dQhVuoQwMYSHiGV3hzHpwX5935WLTmnGzmGP7A+fwBV0aQLQ==</latexit>

X

<latexit sha1_base64="i2GboyrnBNSlEZybQZZAsFDO0L0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKtg20oWy223bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPth9RwKRRvoEDJ/URzGoWSt8LRzdRvPXJtRKzucZzwIKIDJfqCUbSS30H+hJk/6ZYrbtWdgSwTLycVyFHvlr86vZilEVfIJDWm7bkJBhnVKJjkk1InNTyhbEQHvG2pohE3QTa7d0JOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/ee0U+1dBJlSSIldsvqifSoIxmT5PekJzhnJsCWVa2FsJG1JNGdqISjYEb/HlZdI8q3rn1Yu780rtOo+jCEdwDKfgwSXU4Bbq0AAGEp7hFd6cB+fFeXc+5q0FJ585hD9wPn8AeLSQQw==</latexit>

Schlögl
2X + A

c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>



Doi-Peliti
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W = WA +WB

<latexit sha1_base64="aZH3YMhO5hcBkrlbMIoOD8d+5YE="></latexit>

X

l

x†
l

2
h⇣

c1x
†
l + c2

⇣
I� x†

l

⌘
xl

⌘
x2
l

i
+ x†

l (c3 � c4)xl + c4

<latexit sha1_base64="HSfVEpZQZYAkPlIJ8EFSb0psnqY="></latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

2X + A
c1��*)��
c2

3X

B
c3��*)��
c4

X

<latexit sha1_base64="EMzudY35xSEAn9KD6twl8S80n8k="></latexit>

1

<latexit sha1_base64="MMIAP3nsMe/tMB1hzvdeiht0DHs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfTWMvQ==</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

kr��*)��
kl

<latexit sha1_base64="81pPXDXHwpG9ObDE4F9jYASIe4o=">AAACGnicbZDLSsNAFIYnXmu9VV0KMlgEVyWRii5Uim5cVrAXaEKYTE+aoTNJmJkIJWTnY/gEbvUJ3IlbNz6A72F6EWzrDwMf/zmHc+b3Ys6UNs0vY2FxaXlltbBWXN/Y3Nou7ew2VZRICg0a8Ui2PaKAsxAammkO7VgCER6Hlte/GdZbDyAVi8J7PYjBEaQXMp9RonPLLR3YFNKLy6tO301tKbDMnF/kmZO5pbJZMUfC82BNoIwmqrulb7sb0URAqCknSnUsM9ZOSqRmlENWtBMFMaF90oNOjiERoJx09I8MH+VOF/uRzF+o8cj9O5ESodRAeHmnIDpQs7Wh+V+tk2j/3ElZGCcaQjpe5Ccc6wgPQ8FdJoFqPsiBUMnyWzENiCRU59FNbREBDUAMc7FmU5iH5knFqlZO76rl2vUkoQLaR4foGFnoDNXQLaqjBqLoET2jF/RqPBlvxrvxMW5dMCYze2hKxucPEIWhiw==</latexit>

+ Wdi↵

<latexit sha1_base64="j1OmE7uoZ91aFMapnPdeyDJy+Ic=">AAACAnicbVDLSsNAFJ34rPUVdSVuBosgCCWRii6LblxWsA9oQphMJ+3QmUmYmQglBDf+ihsXirj1K9z5N07aLLT1wMDhnHuZe06YMKq043xbS8srq2vrlY3q5tb2zq69t99RcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfFH73gUhFY3GvJwnxORoKGlGMtJEC+/AMetDjSI/CMOvmQeZJDgc0ivLArjl1Zwq4SNyS1ECJVmB/eYMYp5wIjRlSqu86ifYzJDXFjORVL1UkQXiMhqRvqECcKD+bRsjhiVEGMIqleULDqfp7I0NcqQkPzWRxrJr3CvE/r5/q6MrPqEhSTQSefRSlDOoYFn2YrJJgzSaGICypuRXiEZIIa9Na1ZTgzkdeJJ3zutuoX9w1as3rso4KOALH4BS44BI0wS1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD29Zltg=</latexit>

+
X

l

k
h⇣

x†
l+1 � x†

l

⌘
(xl � xl+1)

i

<latexit sha1_base64="eOtFcpAyWRaQJfJWLf0CmPDBbXI="></latexit>



Locality of interactions…
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W = WA +WB

<latexit sha1_base64="aZH3YMhO5hcBkrlbMIoOD8d+5YE="></latexit>

+ Wdi↵

<latexit sha1_base64="j1OmE7uoZ91aFMapnPdeyDJy+Ic=">AAACAnicbVDLSsNAFJ34rPUVdSVuBosgCCWRii6LblxWsA9oQphMJ+3QmUmYmQglBDf+ihsXirj1K9z5N07aLLT1wMDhnHuZe06YMKq043xbS8srq2vrlY3q5tb2zq69t99RcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfFH73gUhFY3GvJwnxORoKGlGMtJEC+/AMetDjSI/CMOvmQeZJDgc0ivLArjl1Zwq4SNyS1ECJVmB/eYMYp5wIjRlSqu86ifYzJDXFjORVL1UkQXiMhqRvqECcKD+bRsjhiVEGMIqleULDqfp7I0NcqQkPzWRxrJr3CvE/r5/q6MrPqEhSTQSefRSlDOoYFn2YrJJgzSaGICypuRXiEZIIa9Na1ZTgzkdeJJ3zutuoX9w1as3rso4KOALH4BS44BI0wS1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD29Zltg=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

=

<latexit sha1_base64="tgvU+k7hUILI8tn46RTQU71Ib8o="></latexit>

Matrix Product Operator (MPO)

|p(t)i = eWt|p(0)i

<latexit sha1_base64="7exUWxVHC2dHR297bSbWo5Rintw="></latexit>

would leave the MPS manifold.



A time-dependent variational 
principle (TDVP)

34

Set of all normalizable wavefunctions

Ground State
Start with a valid 

trial function
Evolve with an 

infinitesimal timestep
Project back to the 

subspace of trial functions

↵(t)

<latexit sha1_base64="GoPLIXTFm88g6YrHCvkpwLyaw9Y="></latexit>

|p(t)i = ePTM
Wt|p(0)i

<latexit sha1_base64="QtOPyF5vsBrsjeJKwH9uEi1yVx0="></latexit>



The algorithm furthermore leverages 
gauge freedoms in very clever ways

35

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

D

<latexit sha1_base64="ZzOMbc3YRpBc7EI07VIa81QLgM8="></latexit>

D�1

<latexit sha1_base64="hSdIpmg3e7J0/MEVklFJU/HqD8E="></latexit>

|p(t)i

<latexit sha1_base64="oDE67QE1Nrg/IZN/hPWJ6wdaKHc="></latexit>

|p(t)i

<latexit sha1_base64="oDE67QE1Nrg/IZN/hPWJ6wdaKHc="></latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

|p(t)i

<latexit sha1_base64="oDE67QE1Nrg/IZN/hPWJ6wdaKHc="></latexit>
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. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

Time t

<latexit sha1_base64="8dVLpQEvU23xqxKibFwVgZ/bkOY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48R8oJkCbOTTjJkZned6Q2GJd/hxYMiXv0Yb/6Nk2QPmljQUFR1090VxFIYdN1vJ7e2vrG5ld8u7Ozu7R8UD48aJko0hzqPZKRbATMgRQh1FCihFWtgKpDQDEZ3M785Bm1EFNZwEoOv2CAUfcEZWsnvIDxhWhMK6BS7xZJbduegq8TLSIlkqHaLX51exBMFIXLJjGl7box+yjQKLmFa6CQGYsZHbABtS0OmwPjp/OgpPbNKj/YjbStEOld/T6RMGTNRge1UDIdm2ZuJ/3ntBPs3firCOEEI+WJRP5EUIzpLgPaEBo5yYgnjWthbKR8yzTjanAo2BG/55VXSuCh7l+Wrh8tS5TaLI09OyCk5Jx65JhVyT6qkTjh5JM/klbw5Y+fFeXc+Fq05J5s5Jn/gfP4A/bSSQA==</latexit>

. . .

<latexit sha1_base64="eZXNNQ4aataXzB/ucZpwehZtWNk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te3tcq9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbiXjzw=</latexit>

Time t+�t

<latexit sha1_base64="TGGzea195fI1Nrwk3wSodwQGsJ4=">AAACAXicdVDJSgNBEO1xN25RL4KXxiAIwtDjkphbUA8eIyQxkITQ06loY89Cd40YhnjxV7x4UMSrf+HNv7GzCCr6oODxXhVV9fxYSYOMfTgTk1PTM7Nz85mFxaXllezqWs1EiRZQFZGKdN3nBpQMoYoSFdRjDTzwFVz41ycD/+IGtJFRWMFeDK2AX4ayKwVHK7WzG02EW0wrMgDaR7pLm6egkFNsZ3PMLbAC8wqUufvFo/08syRfLHp7eeq5bIgcGaPczr43O5FIAghRKG5Mw2MxtlKuUQoF/UwzMRBzcc0voWFpyAMwrXT4QZ9uW6VDu5G2FSIdqt8nUh4Y0wt82xlwvDK/vYH4l9dIsHvUSmUYJwihGC3qJopiRAdx0I7UIFD1LOFCS3srFVdcc4E2tIwN4etT+j+p7bnegXt4fpArHY/jmCObZIvsEI8USImckTKpEkHuyAN5Is/OvfPovDivo9YJZzyzTn7AefsEw3aWeA==</latexit>

Single-site MPS TDVP
|p(t)i = ePTM

Wt|p(0)i

<latexit sha1_base64="QtOPyF5vsBrsjeJKwH9uEi1yVx0="></latexit>

Haegeman et al. PRL (2011); Paeckel et al. Annals of Physics (2019); 
Haegeman et al. PRB (2016); Lubich et al. SIAM Numerical Analysis (2015)
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Rate calculations from 
propagators

t <<
1

k

<latexit sha1_base64="r3YChUiFUiR/ENE+kWu1wo55f7M="></latexit>
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/ kBAt

<latexit sha1_base64="HwKkise9RvpAqqZOMaanL2ehD4Y=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbB1ZBpp4zd1bpxWcE+oB2GTJq2oZkHSUYoQ8GNv+LGhSJu/Ql3/o3pQ1DRA4HDOfeSe06QcCYVQh9GbmV1bX0jv1nY2t7Z3TP3D1oyTgWhTRLzWHQCLClnEW0qpjjtJILiMOC0HYwvZ377lgrJ4uhGTRLqhXgYsQEjWGnJN496iYgTFcOxn/VCrEYE86x+MZ1C5ZtFZKGya7sIIsspVV23rEnVraKKA20LzVEESzR8873Xj0ka0kgRjqXs2ihRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjbPMIWnWunDQSz0ixScq983MhxKOQkDPTk7U/72ZuJfXjdVg3MvY1GSKhqRxUeDlEOdeVYI7DNBieITTTARTN8KyQgLTJSuraBL+EoK/yetkmU7VuXaKdbqyzry4BicgDNgAxfUwBVogCYg4A48gCfwbNwbj8aL8boYzRnLnUPwA8bbJ6eQmDI=</latexit>

h1| P̂BeWtP̂A |pssi
h1| P̂A |pssi

<latexit sha1_base64="QNMmx6IpvUXbBfoIi0hjq5qxQFk="></latexit>

P̂A |pssi
h1| P̂A |pssi

<latexit sha1_base64="Rdx1hE4+L8XVp1cisqw40x7IdiI="></latexit>



Can it work? Can it be useful?
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S.B. Nicholson and T.R. Gingrich, arXiv:2301.03717, 2023.
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N.E. Strand, H. Vroylandt, and T.R. Gingrich, JCP, 156, 221103, 2022. 
N.E. Strand, H. Vroylandt, and T.R. Gingrich, JCP, 157, 054109, 2022. 
S.B. Nicholson and T.R. Gingrich, arXiv:2301.03717, 2023.


