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Questions to ask ourselves

• About Artificial Intelligence:

✦ What are the variables in the Reduced Order Models?  Whether that be auto-encoders, U-nets, DQNs, or GPTs.

✦ Our brain comes hardwired for the deep convolutional network.  Why do we spend $10s millions to learn it on a case-by-

case basis?  What is this deep convolutional or functional transformation doing?

✦ What is Q learning, that is what is Q?  What flow is a generator generating, that is what transformation is generating the 

data?

✦ Is Artificial Intelligence related to the topology and geometry of the system’s dynamical manifold?

✦ Is there a physical justification for ReLU?

✦ Why is the logarithm so important?

✦ Is there an equivalent of ponderomotive stabilization in Deep Reinforcement Learning?


• About Quantum Field Theory:

✦ Why can only a few simple cases be renormalized and solved via the path integral approach to QFT?  What is 

renormalization doing?

✦ Why can gravitation and nonlinear dynamics be described as geodesic motion (minimum distance or action path) on a 

finite dimensional space, but QFT is described in a un-reconcilable statistical nature on a Hilbert space?

✦ What are the Born Rule, Heisenberg’s Uncertainty Principle, and First and Second Quantization really telling us?

✦ There is no reality, really?
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The academic foundation on which this work is based

• mathematical foundations in:

✦ Spivak’s “Calculus on Manifolds”, as sophomore undergraduate

✦ AJ Lohwater’s geometric perspective on complex analysis, that is the equivalency of an analytic 

function and the topology of its Riemann manifold, as sophomore undergraduate

✦ studies on topological helicity invariants, as a graduate student under Michael Freedman

✦ studies on Geometry of Physics, as a graduate student under Ted Frankel


• physics foundations in collective behavior:

✦ studies on nonlinear dynamics and plasma physics from a canonical transformation perspective and 

Mayer Cluster Expansion perspective, as a UCSD graduate student under Tom O’Neil

✦ studies on fundamental approach to plasma physics, as a graduate student under Marshall Rosenbluth

✦ studies on statistical mechanics, as a graduate student under Duncan Haldane

✦ studies on quantum field theory, as a adjunct faculty member at UWA under Ian McArthur
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Let us turn the shell over and examine field theory from a 
new perspective — the bottom up
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• From the top down, the traditional Quantum Field Theory perspective,

✦ deeply convoluted fields, from an infinite dimensional Hilbert space of 

fields — the motion of the collective

✦ fundamental singularities spewed everywhere


‣ need to be consolidated by identifying fixed point and collecting 
the singularities by solving the Renormalization Group Equations for 
the “spectrums”


✦ probability has a non-trivial distribution found by solving the 
Schrödinger Equation


• From the bottom up, the approach of plasma (collective) physics, deeply de-
convolute the problem to the primal “spectral” domain of the individual 
where:


✦ dimension is a small number

✦ partial differential equations have been reduced to an algebraic 

expression (the analytic Hamiltonian), capturing the Lie group 
symmetries of the individual


✦ singularities (of the analytic Hamiltonian) have been reduced to a few 
algebraic structures, capturing the geometry and topology of the 
dynamical manifold of the individual


✦ probability is trivially distributed (Qs are uniformly distributed over 2π)
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The geodesic puppet master of the collective 
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 Generative (HJB) Pretrained Transformer (HST) 
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Generative (HJB) Adversarial Network (HST) 
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Deep (HST) Q (HJB) Learning

generators DRL

canonical flow generating function 
= action = entropy
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<latexit sha1_base64="eEyk8RWTTxTzkEenlXlDEIw4cQY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF27m4TdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8N/PbT6g0j6MHM0nQl3QY8ZAzaqzUkP1S2a24c5BV4uWkDDnq/dJXbxCzVGJkmKBadz03MX5GleFM4LTYSzUmlI3pELuWRlSi9rP5oVNybpUBCWNlKzJkrv6eyKjUeiID2ympGellbyb+53VTE974GY+S1GDEFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB2R+M/A==</latexit>m

<latexit sha1_base64="uoupeOdewXhs5CqyJhoKkhTRqgo=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUr0IRS8eK7ptoV1KNs22oUl2SbJCWfoTvHhQxKu/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9nfvuJKs1i+WgmCQ0EHkoWMYKNlR7Eda1frrhVdw60SrycVCBHs1/+6g1ikgoqDeFY667nJibIsDKMcDot9VJNE0zGeEi7lkosqA6y+alTdGaVAYpiZUsaNFd/T2RYaD0Roe0U2Iz0sjcT//O6qYmugozJJDVUksWiKOXIxGj2NxowRYnhE0swUczeisgIK0yMTadkQ/CWX14lrYuqV6/W72uVxk0eRxFO4BTOwYNLaMAdNMEHAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/z1ONgQ==</latexit>

m = 4
<latexit sha1_base64="P7EWjSdoKTAZL5LT9ZlagOv6oak=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohePFe0HtEvJptk2NMkuSVYoS3+CFw+KePUXefPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8zv/1ElWaRfDSTmPoCDyULGcHGSg/i+rxfrrhVdwa0TLycVCBHo1/+6g0ikggqDeFY667nxsZPsTKMcDot9RJNY0zGeEi7lkosqPbT2alTdGKVAQojZUsaNFN/T6RYaD0Rge0U2Iz0opeJ/3ndxIRXfspknBgqyXxRmHBkIpT9jQZMUWL4xBJMFLO3IjLCChNj0ynZELzFl5dJ66zq1aq1+4tK/SaPowhHcAyn4MEl1OEOGtAEAkN4hld4c7jz4rw7H/PWgpPPHMIfOJ8/zc+NgA==</latexit>

m = 3

<latexit sha1_base64="CfiE0Mv6nl8dm/GOfpNrjxlSCrA=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS8eK7ptoV1KNs22oUl2SbJCWfoTvHhQxKu/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9nfvuJKs1i+WgmCQ0EHkoWMYKNlR7Eda1frrhVdw60SrycVCBHs1/+6g1ikgoqDeFY667nJibIsDKMcDot9VJNE0zGeEi7lkosqA6y+alTdGaVAYpiZUsaNFd/T2RYaD0Roe0U2Iz0sjcT//O6qYmugozJJDVUksWiKOXIxGj2NxowRYnhE0swUczeisgIK0yMTadkQ/CWX14lrVrVq1fr9xeVxk0eRxFO4BTOwYNLaMAdNMEHAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/zEuNfw==</latexit>

m = 2

<latexit sha1_base64="NXcXSBplcQ04NyQdRIc8jzgOlz4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHiOYByRJmJ7PJkHksM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUo+2ElCQ4GHksWMYOuke3EV9MsVv+rPgf6SICcVyNHolz97A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/dYpOnDJAsdKupEVz9edEhoUxExG5ToHtyCx7M/E/r5va+DLMmExSSyVZLIpTjqxCs7/RgGlKLJ84golm7lZERlhjYl06JRdCsPzyX9I6qwa1au3uvFK/zuMowhEcwykEcAF1uIUGNIHAEJ7gBV497j17b977orXg5TOH8AvexzfKx41+</latexit>

m = 1

<latexit sha1_base64="NCgyb4wdb4rJjTRlEgMZgaZjxCg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy2m3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz8dCuIbpLpXrrhVdw6ySrycVCBHo1f+8vsJy2KukElqTNdzUwwmVKNgkk9LfmZ4StmIDnjXUkVjboLJ/OIpObNKn0SJtqWQzNXfExMaGzOOQ9sZUxyaZW8m/ud1M4yug4lQaYZcscWiKJMEEzJ7n/SF5gzl2BLKtLC3EjakmjK0IZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwXP8ApvjnFenHfnY9FacPKZY/gD5/MHXSiQvA==</latexit>

�?
<latexit sha1_base64="NCgyb4wdb4rJjTRlEgMZgaZjxCg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy2m3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz8dCuIbpLpXrrhVdw6ySrycVCBHo1f+8vsJy2KukElqTNdzUwwmVKNgkk9LfmZ4StmIDnjXUkVjboLJ/OIpObNKn0SJtqWQzNXfExMaGzOOQ9sZUxyaZW8m/ud1M4yug4lQaYZcscWiKJMEEzJ7n/SF5gzl2BLKtLC3EjakmjK0IZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwXP8ApvjnFenHfnY9FacPKZY/gD5/MHXSiQvA==</latexit>

�?
<latexit sha1_base64="NCgyb4wdb4rJjTRlEgMZgaZjxCg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy2m3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz8dCuIbpLpXrrhVdw6ySrycVCBHo1f+8vsJy2KukElqTNdzUwwmVKNgkk9LfmZ4StmIDnjXUkVjboLJ/OIpObNKn0SJtqWQzNXfExMaGzOOQ9sZUxyaZW8m/ud1M4yug4lQaYZcscWiKJMEEzJ7n/SF5gzl2BLKtLC3EjakmjK0IZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwXP8ApvjnFenHfnY9FacPKZY/gD5/MHXSiQvA==</latexit>

�?

<latexit sha1_base64="tBsiQIc3mY2iyGks5ghcFU2I2Mw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSpHosevFYwX5AE8Jmu2mXbjZhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhangGhzn2yptbG5t75R3K3v7B4dV++i4q5NMUdahiUhUPySaCS5ZBzgI1k8VI3EoWC+c3M793iNTmifyAaYp82MykjzilICRArvqpZoHeRo0Zp4GogK75tSdBfA6cQtSQwXagf3lDROaxUwCFUTrgeuk4OdEAaeCzSpepllK6ISM2MBQSWKm/Xxx+AyfG2WIo0SZkoAX6u+JnMRaT+PQdMYExnrVm4v/eYMMoms/5zLNgEm6XBRlAkOC5yngIVeMgpgaQqji5lZMx0QRCiarignBXX15nXQbdbdZb95f1lo3RRxldIrO0AVy0RVqoTvURh1EUYae0St6s56sF+vd+li2lqxi5gT9gfX5AxVKk2I=</latexit>

 p2?
<latexit sha1_base64="J/Kwp+OnQX4+UJDhYmXtfLmHsio=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkqiUj0WvXisYD+gCWGz3bRLN8myuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzQsGZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUWkmCW2TlKeyF2JFOUtoWzPNaU9IiuOQ0244vp353UcqFUuTBz0R1I/xMGERI1gbKbCrnlAsyEVwMfWUxjKwa07dmQOtErcgNSjQCuwvb5CSLKaJJhwr1Xcdof0cS80Ip9OKlykqMBnjIe0bmuCYKj+fHz5Fp0YZoCiVphKN5urviRzHSk3i0HTGWI/UsjcT//P6mY6u/ZwlItM0IYtFUcaRTtEsBTRgkhLNJ4ZgIpm5FZERlphok1XFhOAuv7xKOud1t1Fv3F/WmjdFHGU4hhM4AxeuoAl30II2EMjgGV7hzXqyXqx362PRWrKKmSP4A+vzBxbUk2M=</latexit>

 p3?
<latexit sha1_base64="FNIDO7O61724WB+0W1GTOcCwDfw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoipXosevFYwX5AE8Jmu2mXbjZhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhangGhzn2yptbG5t75R3K3v7B4dV++i4q5NMUdahiUhUPySaCS5ZBzgI1k8VI3EoWC+c3M793iNTmifyAaYp82MykjzilICRArvqpZoHeRo0Zp4GogK75tSdBfA6cQtSQwXagf3lDROaxUwCFUTrgeuk4OdEAaeCzSpepllK6ISM2MBQSWKm/Xxx+AyfG2WIo0SZkoAX6u+JnMRaT+PQdMYExnrVm4v/eYMMoms/5zLNgEm6XBRlAkOC5yngIVeMgpgaQqji5lZMx0QRCiarignBXX15nXQv626z3rxv1Fo3RRxldIrO0AVy0RVqoTvURh1EUYae0St6s56sF+vd+li2lqxi5gT9gfX5Axhek2Q=</latexit>

 p4?
<latexit sha1_base64="5F/W8YJ0Fus1ifq0zBKagspVzRM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoiUj0WvXisYGuhCWGz3bRLN5tldyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRUpwA6777ZTW1jc2t8rblZ3dvf1q7eCwa9JMU9ahqUh1LyKGCS5ZBzgI1lOakSQS7CEa38z8h0emDU/lPUwUCxIylDzmlICVwlrVV4aHuQqTqW+A6LBWdxvuHHiVeAWpowLtsPblD1KaJUwCFcSYvucqCHKigVPBphU/M0wROiZD1rdUkoSZIJ8fPsWnVhngONW2JOC5+nsiJ4kxkySynQmBkVn2ZuJ/Xj+D+CrIuVQZMEkXi+JMYEjxLAU84JpREBNLCNXc3orpiGhCwWZVsSF4yy+vku55w2s2mncX9dZ1EUcZHaMTdIY8dIla6Ba1UQdRlKFn9IrenCfnxXl3PhatJaeYOUJ/4Hz+AHAYk50=</latexit>

 pm?
<latexit sha1_base64="chQy9q23yPiFaAi/0A3PbydeptA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGiu1u0ISct9ze6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTTPK161Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Lfo8s</latexit>

lnR0
<latexit sha1_base64="NCgyb4wdb4rJjTRlEgMZgaZjxCg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy2m3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz8dCuIbpLpXrrhVdw6ySrycVCBHo1f+8vsJy2KukElqTNdzUwwmVKNgkk9LfmZ4StmIDnjXUkVjboLJ/OIpObNKn0SJtqWQzNXfExMaGzOOQ9sZUxyaZW8m/ud1M4yug4lQaYZcscWiKJMEEzJ7n/SF5gzl2BLKtLC3EjakmjK0IZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwXP8ApvjnFenHfnY9FacPKZY/gD5/MHXSiQvA==</latexit>

�?

<latexit sha1_base64="chQy9q23yPiFaAi/0A3PbydeptA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGiu1u0ISct9ze6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTTPK161Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Lfo8s</latexit>

lnR0

<latexit sha1_base64="/rR0KPogqPSZlQDoGzpDmJ13H7c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHiOYByRJmJ7PJkHksM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUo+2ElCQ4GHksWMYOuke3Hl98sVv+rPgf6SICcVyNHolz97A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/dYpOnDJAsdKupEVz9edEhoUxExG5ToHtyCx7M/E/r5va+DLMmExSSyVZLIpTjqxCs7/RgGlKLJ84golm7lZERlhjYl06JRdCsPzyX9I6qwa1au3uvFK/zuMowhEcwykEcAF1uIUGNIHAEJ7gBV497j17b977orXg5TOH8AvexzfJQ419</latexit>

m = 0

<latexit sha1_base64="chQy9q23yPiFaAi/0A3PbydeptA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGiu1u0ISct9ze6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTTPK161Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Lfo8s</latexit>

lnR0
<latexit sha1_base64="chQy9q23yPiFaAi/0A3PbydeptA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGiu1u0ISct9ze6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTTPK161Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Lfo8s</latexit>

lnR0
<latexit sha1_base64="chQy9q23yPiFaAi/0A3PbydeptA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGiu1u0ISct9ze6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTTPK161Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Lfo8s</latexit>

lnR0
<latexit sha1_base64="chQy9q23yPiFaAi/0A3PbydeptA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGiu1u0ISct9ze6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTTPK161Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Lfo8s</latexit>

lnR0
<latexit sha1_base64="PNgZrVO+JcCjedg0x/W3LUVUSRs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL+xj0M=</latexit>. . .

<latexit sha1_base64="PNgZrVO+JcCjedg0x/W3LUVUSRs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL+xj0M=</latexit>. . .
<latexit sha1_base64="HQd6T1x+DWnCecq/3Xyf1pmmiH4=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM1m067dZMPupFBK/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXpFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jco04w2mpNLtgBouRcIbKFDydqo5jQPJW8Hwbua3RlwboZJHHKfcj2k/EZFgFK3U7I5ChaZXKrsVdw6ySryclCFHvVf66oaKZTFPkElqTMdzU/QnVKNgkk+L3czwlLIh7fOOpQmNufEn82un5NwqIYmUtpUgmau/JyY0NmYcB7Yzpjgwy95M/M/rZBjd+BORpBnyhC0WRZkkqMjsdRIKzRnKsSWUaWFvJWxANWVoAyraELzll1dJ87LiVSvVh6ty7TaPowCncAYX4ME11OAe6tAABk/wDK/w5ijnxXl3Phata04+cwJ/4Hz+AM8Bj00=</latexit>...

<latexit sha1_base64="HQd6T1x+DWnCecq/3Xyf1pmmiH4=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM1m067dZMPupFBK/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXpFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jco04w2mpNLtgBouRcIbKFDydqo5jQPJW8Hwbua3RlwboZJHHKfcj2k/EZFgFK3U7I5ChaZXKrsVdw6ySryclCFHvVf66oaKZTFPkElqTMdzU/QnVKNgkk+L3czwlLIh7fOOpQmNufEn82un5NwqIYmUtpUgmau/JyY0NmYcB7Yzpjgwy95M/M/rZBjd+BORpBnyhC0WRZkkqMjsdRIKzRnKsSWUaWFvJWxANWVoAyraELzll1dJ87LiVSvVh6ty7TaPowCncAYX4ME11OAe6tAABk/wDK/w5ijnxXl3Phata04+cwJ/4Hz+AM8Bj00=</latexit>...

<latexit sha1_base64="TzgexU0eciHJdjC5SK5xmbO90Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF4+VWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSs9l3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfVUY2F</latexit>

S0
<latexit sha1_base64="R08Wl6200PgZ9IdGJB20xT7J+58=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF4+VWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSs9n3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfW1Y2G</latexit>

S1
<latexit sha1_base64="YeLYSJspfjcH0f6bkvGOoqJXre4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyCOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzTRGP6QjyYecUWOlRqNf6RdLbtldgKwTLyMlyFDvF796g4glIUrDBNW667mx8VOqDGcCZ4VeojGmbEJH2LVU0hC1ny5OnZELqwzIMFK2pCEL9fdESkOtp2FgO0NqxnrVm4v/ed3EDG/8lMs4MSjZctEwEcREZP43GXCFzIipJZQpbm8lbEwVZcamU7AheKsvr5NWpexVy9WHq1LtNosjD2dwDpfgwTXU4B7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/YWY2H</latexit>

S2
<latexit sha1_base64="sVgQvNorRBGPWQ9a1xdXEmuPUUk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5JHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJaPZpygH9GB5CFn1FipXu9d9oolt+zOQVaJl5ESZKj1il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCW/8CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCsPV6XqbRZHHk7gFM7Bg2uowj3UoAEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A2d2NiA==</latexit>

S3
<latexit sha1_base64="Ao5gyYZ7WTJ+vVe8lFy76sKr6PI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyCOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzTRGP6QjyYecUWOlRqNf6RdLbtldgKwTLyMlyFDvF796g4glIUrDBNW667mx8VOqDGcCZ4VeojGmbEJH2LVU0hC1ny5OnZELqwzIMFK2pCEL9fdESkOtp2FgO0NqxnrVm4v/ed3EDG/8lMs4MSjZctEwEcREZP43GXCFzIipJZQpbm8lbEwVZcamU7AheKsvr5PWVdmrlqsPlVLtNosjD2dwDpfgwTXU4B7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/bYY2J</latexit>

S4

<latexit sha1_base64="n1sglCCmJeY/c7+T8TRsRX7eC9Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jMSaQLGF2MpsMmccyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx49GpVqQltEcaU7ETaUM0lblllOO4mmWESctqPx7cxvP1FtmJIPdpLQUOChZDEj2Dqp2eyLfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvNTp+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0+xsNmKbE8okjmGjmbkVkhDUm1qVTciEEyy+vkseLalCr1u4vK/WbPI4inMApnEMAV1CHO2hACwgM4Rle4c3j3ov37n0sWgtePnMMf+B9/gAx1I3C</latexit>

Sm

<latexit sha1_base64="Za0PRZg6Bl9HCLjngBgx+2yZnp0=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtkVqR48FL14rGA/oF2WbJptQ5PsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz88KEM21c99tZWV1b39gsbBW3d3b39ksHh00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHd1G+NqNIslo9mnFBf4L5kESPYWMlPgkycexN0g5JABKWyW3FnQMvEy0kZctSD0le3F5NUUGkIx1p3PDcxfoaVYYTTSbGbappgMsR92rFUYkG1n82OnqBTq/RQFCtb0qCZ+nsiw0LrsQhtp8BmoBe9qfif10lNdO1nTCapoZLMF0UpRyZG0wRQjylKDB9bgoli9lZEBlhhYmxORRuCt/jyMmleVLxqpfpwWa7d5nEU4BhO4Aw8uIIa3EMdGkDgCZ7hFd6ckfPivDsf89YVJ585gj9wPn8Ah3uRTw==</latexit>

pm+1 < pm

<latexit sha1_base64="oQ8O/rp6Yl67pYfUChe8R8lRCjE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVDeFohuXFewDmhgm00k7dGYSZiZCCHXjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv994TJowq7Tjf1tLyyuraemmjvLm1vbNr7+23VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH1xO/80CkorG401lCfI4GgkYUI22kwD5M6p5KeZDzuju+96iIdJYnAR8HdsWpOlPAReIWpAIKNAP7y+vHOOVEaMyQUj3XSbSfI6kpZmRc9lJFEoRHaEB6hgrEifLz6QdjeGKUPoxiaUpoOFV/T+SIK5Xx0HRypIdq3puI/3m9VEeXfk5Fkmoi8GxRlDKoYziJA/apJFizzBCEJTW3QjxEEmFtQiubENz5lxdJ+6zq1qq12/NK46qIowSOwDE4BS64AA1wA5qgBTB4BM/gFbxZT9aL9W59zFqXrGLmAPyB9fkDDjOXTg==</latexit>

p =
1X

m=1

pm

<latexit sha1_base64="p3CTQ9aKt4i45WpXliNjHe+0+cU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxov2QdinZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqtx6p0iyS92YcU1/ggWQhI9hY6eGuF3fC8tOp3yuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcWrVqq356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w8CAo/o</latexit>

Sp[f(x)]

Glinsky and Maupin, Computational Mechanics 72, 291, 
arXiv:2302.10243 (2023)

(Wick path ordering)
<latexit sha1_base64="0Mn4k+lSXdeeIaUqBrTZWQBx6ag=">AAACEXicbVDLTgIxFO34RHyNunTTSExgQ2aMQZdENy7RyCNhJqRTCjR02knbUWHgF9z4K25caIxbd+78GwvMQsGTNDk5597cnhNEjCrtON/W0vLK6tp6ZiO7ubW9s2vv7deUiCUmVSyYkI0AKcIoJ1VNNSONSBIUBozUg/7lxK/fEamo4Ld6EBE/RF1OOxQjbaSWnfcYz9+0nPywUIDeg6TdnkZSivvmaDiCnhbQ8ZMxHMKWnXOKzhRwkbgpyYEUlZb95bUFjkPCNWZIqabrRNpPkNQUMzLOerEiEcJ91CVNQzkKifKTaaIxPDZKG3aENI9rOFV/byQoVGoQBmYyRLqn5r2J+J/XjHXn3E8oj2JNOJ4d6sQMmqCTemCbSoI1GxiCsKTmrxD3kERYmxKzpgR3PvIiqZ0U3VKxdH2aK1+kdWTAITgCeeCCM1AGV6ACqgCDR/AMXsGb9WS9WO/Wx2x0yUp3DsAfWJ8/kY2cQQ==</latexit>

ln(R0(z)) ����!
|z|!0

z

<latexit sha1_base64="jD0RnQB9e7LCbH8WzuaOx1i5hso=">AAACEHicbZDLSgMxFIYz9VbrrerSTbCIFaXMiFQ3QtGNywr2Ap1SMmnahmYyQ3JGbKd9BDe+ihsXirh16c63Mb0stPVA4OP/z+Hk/F4ouAbb/rYSC4tLyyvJ1dTa+sbmVnp7p6yDSFFWooEIVNUjmgkuWQk4CFYNFSO+J1jF616P/Mo9U5oH8g56Iav7pC15i1MCRmqkD10hs/0jfIkNDPoDfIxdYA8Q8yF2T7BLVDs2/rCRztg5e1x4HpwpZNC0io30l9sMaOQzCVQQrWuOHUI9Jgo4FWyYciPNQkK7pM1qBiXxma7H44OG+MAoTdwKlHkS8Fj9PRETX+ue75lOn0BHz3oj8T+vFkHroh5zGUbAJJ0sakUCQ4BH6eAmV4yC6BkgVHHzV0w7RBEKJsOUCcGZPXkeyqc5J5/L355lClfTOJJoD+2jLHLQOSqgG1REJUTRI3pGr+jNerJerHfrY9KasKYzu+hPWZ8/J66bcA==</latexit>

ln(z) = ln |z|+ i arg (z)

Heisenberg Scattering Transformation (HST) 
a logarithmic or canonical generating functional

https://arxiv.org/abs/2302.10243


Neural Network architecture to solve HJB for the 
generator of the canonical flow, a generating function

powered by:
7

<latexit sha1_base64="LhtaW4TP7T92evej5jeXdt6XF7U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxov2AdinZNNvGZpM1yQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rSeqNJPi3oxj6kd4IFjICDZWat716uXH016x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGlnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPKt41Ur19rxUu8riyMMRHEMZPLiAGtxAHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPnnyOhQ==</latexit>

SP (q)

Glinsky and Sievert, to be submitted to Journal of 
Economic Affairs, arXiv:2310.04986 (2023)

https://arxiv.org/abs/2310.04986


Phase space evolutions
powered by:

8

thermal equilibrium stimulation stabilization 



Topological discovery of dynamical systems: “the 
collective behaves as one”

powered by:
9

motion on       
(cotangent bundle) with 
symplectic metric dπ^df 

and H[π(x), f(x) ] 
governed by Hamilton’s 

equations

HST+PCA 
using local harmonic wavelet basis 
or local coherent states, with fast 

forward and inverse

MLP with 
ReLU 

with encoder/decoder 
structure analytic function that 

specifies geodesics and 
adjoints, equivalently the 

topology of the 
dynamical manifold

geodesic motion on    
governed by Cauchy 
Riemann equations, 

equivalently the 
dimension and basis 

vectors (solutions to the 
Renormalization Group 

Equations) of the 
dynamical manifold

<latexit sha1_base64="AtB1CxSxp1Fwcfsnz/cfV5o6KaM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKr2PQS44RzAOSJcxOJsmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsriKUw6Lrfzsrq2vrGZm4rv72zu7dfODhsmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGd1O/+cS1EZF6wHHM/ZAOlOgLRtFKrWqpE3CkZ91C0S27M5Bl4mWkCBlq3cJXpxexJOQKmaTGtD03Rj+lGgWTfJLvJIbHlI3ogLctVTTkxk9n907IqVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/GT4WKE+SKzRf1E0kwItPnSU9ozlCOLaFMC3srYUOqKUMbUd6G4C2+vEwa52Xvqnx5f1Gs3GZx5OAYTqAEHlxDBapQgzowkPAMr/DmPDovzrvzMW9dcbKZI/gD5/MHIsKPZQ==</latexit>

H(�)

note:  the S-matrix or 
complex curvature is

<latexit sha1_base64="8FoKi91SxqcVvrBo7j0cco5I66o=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRi1WWxG5cV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1v2sj8ziOVioXiQc8i6gZ4LJjPCNZGGvQDrCeelzTSQSLSYbliV+050CpxclKBHM1h+as/CkkcUKEJx0r1HDvSboKlZoTTtNSPFY0wmeIx7RkqcECVm8xTp+jMKCPkh9I8odFc/b2R4ECpWeCZySylWvYy8T+vF2v/xk2YiGJNBVkc8mOOdIiyCtCISUo0nxmCiWQmKyITLDHRpqiSKcFZ/vIqaV9Unatq7f6yUr/N6yjCCZzCOThwDXW4gya0gICEZ3iFN+vJerHerY/FaMHKd47hD6zPH/2Hktk=</latexit>

Cn<latexit sha1_base64="YJMv1e3/3FUvLY4eT/kYSLZ1xyc=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egFy9ChLwg2YTZyWwyZHZmnZkVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmLOtHHdb2dpeWV1bT23kd/c2t7ZLezt17VMFKE1IrlUzQBrypmgNcMMp81YURwFnDaC4e3EbzxRpZkUVTOKqR/hvmAhI9hYqVntnN53UjHuFopuyZ0CLRIvI0XIUOkWvto9SZKICkM41rrlubHxU6wMI5yO8+1E0xiTIe7TlqUCR1T76fTeMTq2Sg+FUtkSBk3V3xMpjrQeRYHtjLAZ6HlvIv7ntRITXvspE3FiqCCzRWHCkZFo8jzqMUWJ4SNLMFHM3orIACtMjI0ob0Pw5l9eJPWzkndZung4L5ZvsjhycAhHcAIeXEEZ7qACNSDA4Rle4c15dF6cd+dj1rrkZDMH8AfO5w+ugo/B</latexit>

T ⇤Mn

<latexit sha1_base64="GDCpuiJ/m3YlNlXpcuyIbWqouK0=">AAAB73icdVDLSgNBEJz1GeMr6tHLYBDiZdlNTFZvQS85RjAPSJYwO+lNhsw+nJkVwpKf8OJBEa/+jjf/xkmygooWNBRV3XR3eTFnUlnWh7Gyura+sZnbym/v7O7tFw4O2zJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443uZ77nXsQkkXhrZrG4AZkFDKfUaK01G2U+h4ocjYoFC2zWrMvKzVsmdYCmjhlp1pxsJ0pRZShOSi894cRTQIIFeVEyp5txcpNiVCMcpjl+4mEmNAJGUFP05AEIN10ce8Mn2pliP1I6AoVXqjfJ1ISSDkNPN0ZEDWWv725+JfXS5R/4aYsjBMFIV0u8hOOVYTnz+MhE0AVn2pCqGD6VkzHRBCqdER5HcLXp/h/0i6bds2s3pwX61dZHDl0jE5QCdnIQXXUQE3UQhRx9ICe0LNxZzwaL8brsnXFyGaO0A8Yb596/4+i</latexit>

H(�)

<latexit sha1_base64="gJlHxhx3KPoKAKXaaYBoVke/1hs=">AAAB7nicdVBNS8NAEN34WetX1aOXxSKIh5C0ttFb0YvHCvYD2lg220m7dLMJuxuhlP4ILx4U8erv8ea/cdtGUNEHA4/3ZpiZFyScKe04H9bS8srq2npuI7+5tb2zW9jbb6o4lRQaNOaxbAdEAWcCGpppDu1EAokCDq1gdDXzW/cgFYvFrR4n4EdkIFjIKNFGanUD0OTutFcoOnal6l6Uq9ixnTkM8UpepexhN1OKKEO9V3jv9mOaRiA05USpjusk2p8QqRnlMM13UwUJoSMygI6hgkSg/Mn83Ck+Nkofh7E0JTSeq98nJiRSahwFpjMieqh+ezPxL6+T6vDcnzCRpBoEXSwKU451jGe/4z6TQDUfG0KoZOZWTIdEEqpNQnkTwten+H/SLNlu1a7cnBVrl1kcOXSIjtAJcpGHauga1VEDUTRCD+gJPVuJ9Wi9WK+L1iUrmzlAP2C9fQI7uY+H</latexit>

�⇤

<latexit sha1_base64="wjL3RoZ2en4dc0ISOPhFBwcs8Ss=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBDEQ9gVX8egF48RzAOSNcxOepMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8nfjNJ9BGxOoBRwn4EesrEQrO0ErNTgDIHk+7pbJbcaegi8TLSZnkqHVLX51ezNMIFHLJjGl7boJ+xjQKLmFc7KQGEsaHrA9tSxWLwPjZ9NwxPbZKj4axtqWQTtXfExmLjBlFge2MGA7MvDcR//PaKYbXfiZUkiIoPlsUppJiTCe/057QwFGOLGFcC3sr5QOmGUebUNGG4M2/vEgaZxXvsnJxf16u3uRxFMghOSInxCNXpEruSI3UCSdD8kxeyZuTOC/Ou/Mxa11y8pkD8gfO5w/jbY9K</latexit>

�⇤or

<latexit sha1_base64="4od1RLlGgoECwC2EGwCsbN5j86E=">AAACHHicbZDJSgNBEIZ73I1b1KOXxiAkGMKM+yUQ9JKjijFCJgw9nYpp7FnsrhHDkAfx4qt48aCIFw+Cb2NnOajxh4afr6qort+PpdBo21/WxOTU9Mzs3HxmYXFpeSW7unapo0RxqPFIRurKZxqkCKGGAiVcxQpY4Euo+zcn/Xr9DpQWUXiB3RiaAbsORVtwhgZ52V0X4R7Tc+jlq3nXB2SeKMee2B5y0XOL9NYThUK5mje42PdeNmeX7IHouHFGJkdGOvWyH24r4kkAIXLJtG44dozNlCkUXEIv4yYaYsZv2DU0jA1ZALqZDo7r0S1DWrQdKfNCpAP6cyJlgdbdwDedAcOO/lvrw/9qjQTbR81UhHGCEPLhonYiKUa0nxRtCQUcZdcYxpUwf6W8wxTjaPLMmBCcvyePm8udknNQ2j/by1WOR3HMkQ2ySfLEIYekQqrklNQIJw/kibyQV+vRerberPdh64Q1mlknv2R9fgP1VKCj</latexit>

Re(H(�i = pi + i qi)) = H(pi, qi)

ensemble of 
systems or 
field/fluid 
domain

single system or S-matrix 
expansion or Mayer cluster 

expansion

Lie group 
symmetries or 

geometry & 
topology

<latexit sha1_base64="GPflpggep60SqFU6SNFqYt7m1YA=">AAACC3icbZC7TsMwFIYdrqXcAowsViukslQJ4rYgVbB0LIJepCatHMdprdpJZDtIVdSdhVdhYQAhVl6AjbfBTTNAyy9Z+vSfc3R8fi9mVCrL+jaWlldW19YLG8XNre2dXXNvvyWjRGDSxBGLRMdDkjAakqaiipFOLAjiHiNtb3QzrbcfiJA0Cu/VOCYuR4OQBhQjpa2+Wbrr8ysnEAinfo/DesXxiELHk9SHGfX4pG+WraqVCS6CnUMZ5Gr0zS/Hj3DCSagwQ1J2bStWboqEopiRSdFJJIkRHqEB6WoMESfSTbNbJvBIOz4MIqFfqGDm/p5IEZdyzD3dyZEayvna1Pyv1k1UcOmmNIwTRUI8WxQkDKoIToOBPhUEKzbWgLCg+q8QD5EORun4ijoEe/7kRWidVO3z6tntabl2ncdRAIegBCrABhegBuqgAZoAg0fwDF7Bm/FkvBjvxsesdcnIZw7AHxmfPw/smnQ=</latexit>

Sm =
d
m
H(�)

d�m

<latexit sha1_base64="KdSA3M0Mm9hWXqHgxYDP5wpBgQM=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiDES5gRt4sievEY0ZhAJgw9nZqksWehu0aIY65e/BUvHhTx6h9482/sLAc1Pih4vFdFVT0/kUKjbX9Zuanpmdm5/HxhYXFpeaW4unat41RxqPFYxqrhMw1SRFBDgRIaiQIW+hLq/s3ZwK/fgtIijq6wl0ArZJ1IBIIzNJJXpK6EAO+p6wMyT5TvtqmrRKeLx0eXXhaKvlcs2RV7CDpJnDEpkTGqXvHTbcc8DSFCLpnWTcdOsJUxhYJL6BfcVEPC+A3rQNPQiIWgW9nwkz7dMkqbBrEyFSEdqj8nMhZq3Qt90xky7Oq/3kD8z2umGBy2MhElKULER4uCVFKM6SAW2hYKOMqeIYwrYW6lvMsU42jCK5gQnL8vT5LrnYqzX9m72C2dnI7jyJMNsknKxCEH5ISckyqpEU4eyBN5Ia/Wo/VsvVnvo9acNZ5ZJ79gfXwDsq+ZuA==</latexit>

|�i(z)i = Smi
<latexit sha1_base64="1CoY5KCv3faqF49eS/9v8V9+TDs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUoivpZFNy4r2AekIUymk3boZBJmJmqJ/RQ3LhRx65e482+ctllo64HLPZxzL3PnBAmjUtn2t1FYWl5ZXSuulzY2t7Z3zPJuS8apwKSJYxaLToAkYZSTpqKKkU4iCIoCRtrB8Hrit++JkDTmd2qUEC9CfU5DipHSkm+W3W5CfVp9PDoOp83zzYpds6ewFomTkwrkaPjmV7cX4zQiXGGGpHQdO1FehoSimJFxqZtKkiA8RH3iaspRRKSXTU8fW4da6VlhLHRxZU3V3xsZiqQcRYGejJAayHlvIv7nuakKL72M8iRVhOPZQ2HKLBVbkxysHhUEKzbSBGFB9a0WHiCBsNJplXQIzvyXF0nrpOac185uTyv1qzyOIuzDAVTBgQuoww00oAkYHuAZXuHNeDJejHfjYzZaMPKdPfgD4/MHsp2TAA==</latexit>

[⇡i(x), fi(x)]

<latexit sha1_base64="1CoY5KCv3faqF49eS/9v8V9+TDs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUoivpZFNy4r2AekIUymk3boZBJmJmqJ/RQ3LhRx65e482+ctllo64HLPZxzL3PnBAmjUtn2t1FYWl5ZXSuulzY2t7Z3zPJuS8apwKSJYxaLToAkYZSTpqKKkU4iCIoCRtrB8Hrit++JkDTmd2qUEC9CfU5DipHSkm+W3W5CfVp9PDoOp83zzYpds6ewFomTkwrkaPjmV7cX4zQiXGGGpHQdO1FehoSimJFxqZtKkiA8RH3iaspRRKSXTU8fW4da6VlhLHRxZU3V3xsZiqQcRYGejJAayHlvIv7nuakKL72M8iRVhOPZQ2HKLBVbkxysHhUEKzbSBGFB9a0WHiCBsNJplXQIzvyXF0nrpOac185uTyv1qzyOIuzDAVTBgQuoww00oAkYHuAZXuHNeDJejHfjYzZaMPKdPfgD4/MHsp2TAA==</latexit>

[⇡i(x), fi(x)]
HST HJB

note: HST=HJB

Neural (HST) Operator (propagator or HJB) 
 or 

 Generative (HJB) Pretrained Transformer (HST)

<latexit sha1_base64="WB8RohoPnpTU+RqbimS+vf/KjwE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXiMYB6SLMvsZJIMmZldZ2aFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7wpgzbVz328ktLa+sruXXCxubW9s7xd29ho4SRWidRDxSrRBrypmkdcMMp61YUSxCTpvh8GbiN5+o0iyS92YUU1/gvmQ9RrCx0kM5DtjJY8COg2LJrbhToEXiZaQEGWpB8avTjUgiqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6cHj9GRVbqoFylb0qCp+nsixULrkQhtp8BmoOe9ifif105M78pPmYwTQyWZLeolHJkITb5HXaYoMXxkCSaK2VsRGWCFibEZFWwI3vzLi6RxWvEuKud3Z6XqdRZHHg7gEMrgwSVU4RZqUAcCAp7hFd4c5bw4787HrDXnZDP78AfO5w/XtY/M</latexit>

(pi, qi)
<latexit sha1_base64="QHb90l9K2qmUWWs97lR6WvkrgBE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXhMwDwkWZbZySQZMjO7zMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3hTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2iHWlDNJG4YZTtuxoliEnLbC0d3Ubz1RpVkkH8w4pr7AA8n6jGBjpcdyLWBn9YCdBsWSW3FnQMvEy0gJMtSC4le3F5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n84OnqATq/RQP1K2pEEz9fdEioXWYxHaToHNUC96U/E/r5OY/o2fMhknhkoyX9RPODIRmn6PekxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzvOJdVS7rF6XqbRZHHo7gGMrgwTVU4R5q0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w91dY+M</latexit>

(Pi, Qi)
<latexit sha1_base64="sRRJ+Yqn5sgRQZAldptiI+WKiAA="></latexit>

SP (q) = ln ⇢✓(x) = eV✓(s)
generators DRL

canonical flow generator = action = entropy

collective individual

deep 
deconvolution decoder

Q P
<latexit sha1_base64="p3CTQ9aKt4i45WpXliNjHe+0+cU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxov2QdinZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqtx6p0iyS92YcU1/ggWQhI9hY6eGuF3fC8tOp3yuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcWrVqq356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w8CAo/o</latexit>

Sp[f(x)]



Build-a-QFT:  a simple beauty
powered by:
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pick-a-Hamiltonian
<latexit sha1_base64="lYVk3VOdny23hp7HJZxiJvPLJnk=">AAACB3icbVDJSgNBEO1xjXEb9SjIYBASkDAjbhch6CXHKGaBJAw9nUrSpGexu0YMQ25e/BUvHhTx6i9482/sLAdNfFDweK+KqnpeJLhC2/425uYXFpeWUyvp1bX1jU1za7uiwlgyKLNQhLLmUQWCB1BGjgJqkQTqewKqXu9q6FfvQSoeBrfYj6Dp007A25xR1JJr7hWzkcsP71yeu2ggPGByA4NsMdvwAGku55oZO2+PYM0SZ0IyZIKSa341WiGLfQiQCapU3bEjbCZUImcCBulGrCCirEc7UNc0oD6oZjL6Y2AdaKVltUOpK0BrpP6eSKivVN/3dKdPsaumvaH4n1ePsX3eTHgQxQgBGy9qx8LC0BqGYrW4BIairwllkutbLdalkjLU0aV1CM70y7OkcpR3TvMn18eZwuUkjhTZJfskSxxyRgqkSEqkTBh5JM/klbwZT8aL8W58jFvnjMnMDvkD4/MH1ECYBg==</latexit>

H(pi, qi) = Re(H(�))

find-the-β*
<latexit sha1_base64="6S05waFTv9LeYxRQoTas2ppS1sM=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUGIIGFG3MCL6CXeIpgFMiH0dCpJY89Cd40YhvyEF3/FiwdFvAre/Bs7i6DRBwWv36uiq54fS6HRcT6tzMzs3PxCdjG3tLyyumavb1R1lCgOFR7JSNV9pkGKECooUEI9VsACX0LNv7kY+rVbUFpE4TX2Y2gGrBuKjuAMjdSy9zyEO0wvg0GhVPB8QLa7S71TOpYjNRg+vp2WnXeKzgj0L3EnJE8mKLfsD68d8SSAELlkWjdcJ8ZmyhQKLmGQ8xINMeM3rAsNQ0MWgG6mo6sGdMcobdqJlKkQ6Uj9OZGyQOt+4JvOgGFPT3tD8T+vkWDnpJmKME4QQj7+qJNIihEdRkTbQgFH2TeEcSXMrpT3mGIcTZA5E4I7ffJfUt0vukfFw6uD/Nn5JI4s2SLbpEBcckzOSImUSYVwck8eyTN5sR6sJ+vVehu3ZqzJzCb5Bev9C9BjnVc=</latexit>

Im(H(�)) or H(�)

(that is, solve the HJB 
equation with MLP+ReLU, or 
the motion of the individual)

find-the-perspective

(that is, that solve for the 
S-matrix, or Mayer cluster 

expansion)

find-the-field

QFT

(that is, project and 
deeply convolve to 

field/fluid domain, or 
the motion of the 

collective)

iPCA + iHST
(that is, pick a group 

symmetry, or 
conserved quantity)

the evolution of 
THE individual

the evolution of 
the collective

profoundly beautiful is the equivalence of the Taylor expansion coefficients, that is S-
matrix, and the complex d(ln(z)) symplectic structure, or analytic T2 topology, to both the 

HST and HJB

HJB

<latexit sha1_base64="vtZnyDjntgHCexSM73PsF30Xsaw="></latexit>

|�i(z)i =
d
m
H(�)

d�
m
i

= S
m
i



Heisenberg Scattering Transformation (HST) — logarithmic 
generating functional of the complex Hamiltonian

powered by:
11

<latexit sha1_base64="K6mktbzeLwdcMtUtX9ThzXNT3Xc="></latexit>

H̄(z) =
1X

n=0

1

n!
Sm(z0) (z � z0)

n

<latexit sha1_base64="jQ9kDyhBzZdlUxSEtqp+6cYTYbg=">AAACIHicbZDLSsNAFIYn9VbrLerSzWAR6qYkotaNUHTTZUV7gV7CZDJph84kYWYitCGP4sZXceNCEd3p0zi9gNp6YODn+8/hzPndiFGpLOvTyCwtr6yuZddzG5tb2zvm7l5dhrHApIZDFoqmiyRhNCA1RRUjzUgQxF1GGu7geuw37omQNAzu1DAiHY56AfUpRkojxyzdOrwwOoaXsO0LhBOvy2HbRSKppBqniQdHXZ7+2BWHazhKHTNvFa1JwUVhz0QezKrqmB9tL8QxJ4HCDEnZsq1IdRIkFMWMpLl2LEmE8AD1SEvLAHEiO8nkwBQeaeJBPxT6BQpO6O+JBHEph9zVnRypvpz3xvA/rxUr/6KT0CCKFQnwdJEfM6hCOE4LelQQrNhQC4QF1X+FuI90EkpnmtMh2PMnL4r6SdE+L57dnObLV7M4suAAHIICsEEJlEEFVEENYPAAnsALeDUejWfjzXiftmaM2cw++FPG1zdrtKKZ</latexit>

Sm(z) =
d
m
H̄(z)

dzm
=

dHm

dz

<latexit sha1_base64="eglzcB6KWl5rDOQzaolJaKz12iE=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgET2FG3I5BLzlGMAtkQujpVJImPYvdNcEwBC/+ihcPinj1K7z5N3aWgyY+KHi8V0VVPT+WQqPjfFuZpeWV1bXsem5jc2t7x97dq+ooURwqPJKRqvtMgxQhVFCghHqsgAW+hJrfvxn7tQEoLaLwDocxNAPWDUVHcIZGatkHns9UWhpRD+4TMaAewgOmYkRLLTvvFJwJ6CJxZyRPZii37C+vHfEkgBC5ZFo3XCfGZsoUCi5hlPMSDTHjfdaFhqEhC0A308kLI3pslDbtRMpUiHSi/p5IWaD1MPBNZ8Cwp+e9sfif10iwc9VMRRgnCCGfLuokkmJEx3nQtlDAUQ4NYVwJcyvlPaYYR5NazoTgzr+8SKqnBfeicH57li9ez+LIkkNyRE6ISy5JkZRImVQIJ4/kmbySN+vJerHerY9pa8aazeyTP7A+fwD/lpcw</latexit>

H̄ ⌘ iH

Taylor expand H(z)

where

<latexit sha1_base64="6oEnI1n/qOwS0oIckp+wuKoHhzA=">AAACBHicbZDLSgMxFIYzXmu9jbrsJliEFqTMiLeNUBSkywr2AtNhyKSZNjSZGZKMWIcu3Pgqblwo4taHcOfbmLaz0NYDCR//fw7J+f2YUaks69tYWFxaXlnNreXXNza3ts2d3aaMEoFJA0csEm0fScJoSBqKKkbasSCI+4y0/MHV2G/dESFpFN6qYUxcjnohDShGSkueWah5vPRQui+X4QW8djox1XwIA327nlm0Ktak4DzYGRRBVnXP/Op0I5xwEirMkJSObcXKTZFQFDMyyncSSWKEB6hHHI0h4kS66WSJETzQShcGkdAnVHCi/p5IEZdyyH3dyZHqy1lvLP7nOYkKzt2UhnGiSIinDwUJgyqC40RglwqCFRtqQFhQ/VeI+0ggrHRueR2CPbvyPDSPKvZp5eTmuFi9zOLIgQLYByVggzNQBTVQBw2AwSN4Bq/gzXgyXox342PaumBkM3vgTxmfP1vhlV8=</latexit>

Hm(z(x)) = F [⇡(x), f(x)]

<latexit sha1_base64="RHTo+6R+UsMRc2mgHFCtbdM0j2o=">AAACH3icbZBNT8JAEIa3+IX4hXr0spEYIVHSGkUvJkQvHjERMKGEbJctbthum92pgTT8Ey/+FS8eNMZ449+4QA+KzunJ+85kZl4vElyDbY+tzMLi0vJKdjW3tr6xuZXf3mnoMFaU1WkoQnXvEc0El6wOHAS7jxQjgSdY0+tfT/zmI1Oah/IOhhFrB6Qnuc8pASN18hU30rwTYVcDUdgvDkr4ErtcQjIzioPDEnaPJs5xit3B4aiTL9hle1r4LzgpFFBatU7+y+2GNA6YBCqI1i3HjqCdEAWcCjbKubFmEaF90mMtg5IETLeT6X8jfGCULvZDc2AoAU/VnxMJCbQeBp7pDAg86HlvIv7ntWLwL9oJl1EMTNLZIj8WGEI8CQt3uWIUxNAAoYqbWzF9IIpQMJHmTAjO/Mt/oXFSdirls9vTQvUqjSOL9tA+KiIHnaMqukE1VEcUPaEX9IberWfr1fqwPmetGSud2UW/yhp/Axffn94=</latexit>

 p ? f(x) =

Z
 p(x

0) f(x� x0) dx0

define the convolutional wavelet transform

<latexit sha1_base64="wj73wwojLcT5tceufdRg4nWxHYc=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEjpQJUgXmMFS8ci0YfURJHjuq1VJzG2U9FG/QUWfoWFAYRY2dj4G9w2A7QcydLROefq+p6AMyqVbX8bS8srq2vruY385tb2zq65t1+XcSIwqeGYxaIZIEkYjUhNUcVIkwuCwoCRRtC/mfiNARGSxtGdGnLihagb0Q7FSGnJN62Rz62HInTJfUIH0OWS+hy6UiEBK34anjhja6QDRd8s2CV7CrhInIwUQIaqb3657RgnIYkUZkjKlmNz5aVIKIoZGefdRBKOcB91SUvTCIVEeun0ojE81kobdmKhX6TgVP09kaJQymEY6GSIVE/OexPxP6+VqM6Vl9KIJ4pEeLaokzCoYjipB7apIFixoSYIC6r/CnEPCYSVLjGvS3DmT14k9dOSc1E6vz0rlK+zOnLgEBwBCzjgEpRBBVRBDWDwCJ7BK3gznowX4934mEWXjGzmAPyB8fkDFBub6A==</latexit>

zp(x) ⌘  p ?Hm�1(z(x))

and consider the analytic trajectory

<latexit sha1_base64="9erdvtOgkeNxmVuQxFk94sV3CTo=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbymQyaYfOTMLMRKihv+DGhSJu/SF3/o2TNgttPXDhcM693HtPkHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2BNOZO0ZZjhtJsoikXAaScY3+Z+55EqzWL5YCYJ9QUeShYxgk0uhU+DZFCtuXV3BrRMvILUoEBzUP3qhzFJBZWGcKx1z3MT42dYGUY4nVb6qaYJJmM8pD1LJRZU+9ns1ik6sUqIoljZkgbN1N8TGRZaT0RgOwU2I73o5eJ/Xi810bWfMZmkhkoyXxSlHJkY5Y+jkClKDJ9Ygoli9lZERlhhYmw8FRuCt/jyMmmf1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx8vK45Z</latexit>

dzp

take the covector along this trajectory

<latexit sha1_base64="HXfO3HD3lZJncyQXv/kcS2C0Kgw=">AAACD3icbZC7SgNBFIZn4z3eVi1tBoNiY9gVb01AtBErBaNCEpfZyUkyZPbCzFkxWfYNbHwVGwtFbG3tfBsnyRbefhj4+M85nDm/H0uh0XE+rcLY+MTk1PRMcXZufmHRXlq+1FGiOFR5JCN17TMNUoRQRYESrmMFLPAlXPnd40H96haUFlF4gb0YGgFrh6IlOENjefZGv9L34q2+51ROaR3hDlPIbtIRicxYHUCWeXbJKTtD0b/g5lAiuc48+6PejHgSQIhcMq1rrhNjI2UKBZeQFeuJhpjxLmtDzWDIAtCNdHhPRteN06StSJkXIh263ydSFmjdC3zTGTDs6N+1gflfrZZg66CRijBOEEI+WtRKJMWIDsKhTaGAo+wZYFwJ81fKO0wxjibCognB/X3yX7jcLrt75d3zndLhUR7HNFkla2STuGSfHJITckaqhJN78kieyYv1YD1Zr9bbqLVg5TMr5Ies9y9zBJz2</latexit>

z = zp � z0 = Jei✓

change to radial coordinates

rotate by π/2 to get the covector
<latexit sha1_base64="Rms7GwEdFNQQtwcecKMvnqAfH/A="></latexit>

dHm(z) = i
dzp

|z| = i

✓
dzk

|z| + i
dz?
|z|

◆

= i

✓
dJ

J
+ i✓

◆
= i d(ln(Jei✓))

= i d(ln z) = d(i ln z).

with the definition

get the recursion relation

so that

<latexit sha1_base64="LnCxaQ15IabmCwuaGoYJ/LYfIFE=">AAACFnicbVDJSgNBFOxxjXEb9eilMQiKGGbE7Rj04jGKUSETQ0/nJTbpWex+E0yG+Qov/ooXD4p4FW/+jZ3l4FbQUFTV4/UrP5ZCo+N8WmPjE5NT07mZ/Ozc/MKivbR8oaNEcajwSEbqymcapAihggIlXMUKWOBLuPTbx33/sgNKiyg8x24MtYC1QtEUnKGR6vb2Wd3Z6G1SD24T0aE9ukU9hDtMIbtOh0xk1GOqZVJZ3S44RWcA+pe4I1IgI5Tr9ofXiHgSQIhcMq2rrhNjLWUKBZeQ5b1EQ8x4m7WgamjIAtC1dHBWRteN0qDNSJkXIh2o3ydSFmjdDXyTDBje6N9eX/zPqybYPKylIowThJAPFzUTSTGi/Y5oQyjgKLuGMK6E+SvlN0wxjqbJvCnB/X3yX3KxU3T3i3unu4XS0aiOHFkla2SDuOSAlMgJKZMK4eSePJJn8mI9WE/Wq/U2jI5Zo5kV8gPW+xfnqp6l</latexit>

R0(z) ⌘ z + ei arg(z)

<latexit sha1_base64="TKdJsWD+NLDLHpIB2g0gqRFcem4="></latexit>

Hm = i ln z = i ln(R0(zp))

= i lnR0  pm ?Hm�1.

<latexit sha1_base64="MGxWyea2k8+ZRCZJdOKKGkjPGLE="></latexit>

Hm[f(x)](z) = �px ?

 
mY

k=0

i lnR0 pk?

!
i lnR0f(x),

<latexit sha1_base64="PPe1YCBPOsfaSVO1Mr1EFtHd0G0="></latexit>

ln(R0(z)) ����!
|z|!0

z

����!
|z|!1

ln |z| (log(MST) MHD example)

����!
|z|!1

ln |z| ei arg(z)/ ln |z|

⇠
nX

k=0

|z| ei k arg (z)
(Wavelet Phase Harmonics)

���!
n=0

|z| (Mallat Scattering Transformation, MST)

similar to ReLU

<latexit sha1_base64="fdhR8cKyXLgoNsuKCaf0uN5IqmM=">AAACEHicbZDLSgMxFIYz9VbrrerSTbCIFaXMiJduhIIblxXsBTqlZNK0Dc1khuSM2E77CG58FTcuFHHr0p1vY3pZaOuBwMf/n8PJ+b1QcA22/W0lFhaXlleSq6m19Y3NrfT2TlkHkaKsRAMRqKpHNBNcshJwEKwaKkZ8T7CK170e+ZV7pjQP5B30Qlb3SVvyFqcEjNRIH7pCZvtH+AobGPQH+Bi7wB4g5kPsnmCXqHZs/GEjnbFz9rjwPDhTyKBpFRvpL7cZ0MhnEqggWtccO4R6TBRwKtgw5UaahYR2SZvVDEriM12PxwcN8YFRmrgVKPMk4LH6eyImvtY93zOdPoGOnvVG4n9eLYJWvh5zGUbAJJ0sakUCQ4BH6eAmV4yC6BkgVHHzV0w7RBEKJsOUCcGZPXkeyqc55yJ3fnuWKeSncSTRHtpHWeSgS1RAN6iISoiiR/SMXtGb9WS9WO/Wx6Q1YU1ndtGfsj5/ACRam2U=</latexit>

ln(z) = ln |z|+ i arg (z)

Heisenberg Scattering Transformation

(= S-matrix)

<latexit sha1_base64="p4eI04o8ZUM9fA65gvLUI1pKyzs=">AAACC3icbZC7SgNBFIZnvRtvq5Y2g0HQwrAr3hpBtLGMYGIgG5fZyUkcMnth5qyYLNvb+Co2ForY+gJ2vo2TS6HRHwY+/nMOZ84fJFJodJwva2Jyanpmdm6+sLC4tLxir65VdZwqDhUey1jVAqZBiggqKFBCLVHAwkDCddA579ev70BpEUdX2E2gEbJ2JFqCMzSWb2/2fOdk10O4xwzym2xIIqceU+3tnp/s5L5ddErOQPQvuCMokpHKvv3pNWOehhAhl0zruusk2MiYQsEl5AUv1ZAw3mFtqBuMWAi6kQ1uyemWcZq0FSvzIqQD9+dExkKtu2FgOkOGt3q81jf/q9VTbB03MhElKULEh4taqaQY034wtCkUcJRdA4wrYf5K+S1TjKOJr2BCcMdP/gvVvZJ7WDq43C+eno3imCMbZJNsE5cckVNyQcqkQjh5IE/khbxaj9az9Wa9D1snrNHMOvkl6+MbJhWbIg==</latexit>

z0 = �ei arg(zp)



MLP solves Hamilton-Jacobi (Bellman) or Laplace 
equation for time invariant coordinates or geodesics

powered by:
12

<latexit sha1_base64="iI7JE7o6Qma4KFosp2HqXcJ29VI=">AAACK3icbVDJSgNBEO2Je9yiHr0MBiFBTGaC20UQvXhUMBrIDKGnU0ma9Cx014hhyP948Vc86MEFr/6HnZkobg+afu9VFd31vEhwhZb1YuQmJqemZ2bn8vMLi0vLhZXVSxXGkkGdhSKUDY8qEDyAOnIU0IgkUN8TcOX1T0b1q2uQiofBBQ4icH3aDXiHM4raahWOT0uOB0jLh9m9ZVczXa19Og7CDSZ8WM709peu1lKjVShaFSuF+ZfYY1IkY5y1Cg9OO2SxDwEyQZVq2laEbkIlciZgmHdiBRFlfdqFpqYB9UG5Sbrr0NzUTtvshFKfAM3U/T6RUF+pge/pTp9iT/2ujcz/as0YOwduwoMoRghY9lAnFiaG5ig4s80lMBQDTSiTXP/VZD0qKUMdb16HYP9e+S+5rFXsvcru+U7x6HgcxyxZJxukRGyyT47IKTkjdcLILbknT+TZuDMejVfjLWvNGeOZNfIDxvsH95mlyA==</latexit>

H(�) = (� + 1/�)/2 = (� + i)(� � i)/2�
<latexit sha1_base64="404vgSTb4SgjjBtWeDxrpRLfU4U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQkEvXiMYB6QLGF20psMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8NOME/YgOJA85o8ZKLVmVvUHV65XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwhs/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3hXlcuHi3LtNo+jAMdwAmfgwTXU4B7q0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AlaSPFw==</latexit>

n = ng = 1

two sheeted Riemann surface or manifold 
with branch cut between -1 and 1

<latexit sha1_base64="04uldza/fkGwBUQL5291zGW0JGQ="></latexit>

@S(q, t)

@t
+H

✓
@S(q, t)

@q
, q, t

◆
= 0

<latexit sha1_base64="7hbY7ArPnSy12m4iNkv1mr6Pdqk="></latexit>

@V (q, t)

@t
+

@V (q, t)

@q
f(@V (q, t)/@q, q, t) + C(@V (q, t)/@q, q, t) = 0

(Hamilton-Jacobi Equation)

(Hamilton-Jacobi-Bellman Equation)
<latexit sha1_base64="Lt1wm11pvzAC+Tb6O3UjlaoRhm8="></latexit>

! = d⇡ ^ df � dH ^ d⌧ = d� = d(⇡ df �H d⌧) = 2 d⌧ ^ dH



Neural Network architecture to solve HJB
powered by:

13

Glinsky and Sievert, to be submitted to Journal of 
Economic Affairs, arXiv:2310.04986 (2023)

https://arxiv.org/abs/2310.04986


General surrogate MLDL architecture (generator)
powered by:

14

<latexit sha1_base64="6n6ch60h2W0I1kJVrIQwXQmNGSI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9Jze+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEBPI2h</latexit>p0

<latexit sha1_base64="6a1il+76/Bz1NtMkVsJKpITOQ2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfTcXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcCwo2i</latexit>q0

MLP

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

MLP

HST 
+ 

PCA

(complex system 
propagation)

iPCA 
+ 

iHST

<latexit sha1_base64="mzUYdg1iUBW06Az80pDmGlRGL/I=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBEqSEnE17LoxmUF+4A2hMl00g6dTOLMRAih/oobF4q49UPc+TdO2iy09cDA4Zx7uWeOHzMqlW1/G0vLK6tr66WN8ubW9s6uubffllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/vsn9ziMRkkb8XqUxcUM05DSgGCkteWalHyI18oOsU3vw7JOmZx9PPLNq1+0prEXiFKQKBZqe+dUfRDgJCVeYISl7jh0rN0NCUczIpNxPJIkRHqMh6WnKUUikm03DT6wjrQysIBL6cWVN1d8bGQqlTENfT+ZR5byXi/95vUQFV25GeZwowvHsUJAwS0VW3oQ1oIJgxVJNEBZUZ7XwCAmEle6rrEtw5r+8SNqndeeifn53Vm1cF3WU4AAOoQYOXEIDbqEJLcCQwjO8wpvxZLwY78bHbHTJKHYq8AfG5w9USJPs</latexit>

W(q0,P0)

(HJB)

<latexit sha1_base64="BmJn4iO0gwaDU6h5C1BuUpdAvuk=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQQUoivpZFNy5bsA9oQ5lMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zba2srq1vbBa2its7u3sle/+gpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJf57UcqFYvEg57E1AvxULCAEayN1LdLvRDrkR+k7UrjLD6d9u2yU3VmQMvEzUkZctT79ldvEJEkpEITjpXquk6svRRLzQin02IvUTTGZIyHtGuowCFVXjoLPkUnRhmgIJLmCY1m6u+NFIdKTULfTGYx1aKXif953UQHN17KRJxoKsj8UJBwpCOUtYAGTFKi+cQQTCQzWREZYYmJNl0VTQnu4peXSeu86l5VLxsX5dptXkcBjuAYKuDCNdTgHurQBAIJPMMrvFlP1ov1bn3MR1esfOcQ/sD6/AH2yZKm</latexit>

W(Q,p)

(iHJB)

<latexit sha1_base64="b6jvLHK3RPCKDk0zY7ZXjQCsun8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ73n9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndZvbg/r9Ru8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPQbY2B</latexit>

P0

<latexit sha1_base64="VDE2OyMgUEgUMKfAuAgjRVmZx0Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cEzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+WDmSToR3QoecgZNVa6b/TdfrniVt05yF/i5aQCOer98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOqt5l9aJxXqnd5HEU4QiO4RQ8uIIa3EEdmsBgCE/wAq+OcJ6dN+d90Vpw8plD+AXn4xvR842C</latexit>

Q0

<latexit sha1_base64="yn72uj8s/DTU/8kMNFSQDJp4LEM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaQTLpnTY2kxmSjFCGfoEbF4q49ZPc+Tem7Sy09UDgcM655N4TJIJr47rfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC6nfrtJ1Sax/LejBP0IzqQPOSMGis16g/lilt1ZyDLxMtJBXLY/FevH7M0QmmYoFp3PTcxfkaV4UzgpNRLNSaUjegAu5ZKGqH2s9miE3JilT4JY2WfNGSm/p7IaKT1OApsMqJmqBe9qfif101NeO1nXCapQcnmH4WpICYm06tJnytkRowtoUxxuythQ6ooM7abki3BWzx5mbTOqt5l9aJxXqnd5HUU4QiO4RQ8uIIa3EEdmsAA4Rle4c15dF6cd+djHi04+cwh/IHz+QOs2Yze</latexit>

P

<latexit sha1_base64="Y1hJizHldN0mHgwN50bchS+3n+E=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV671S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHrl2M3w==</latexit>

Q

<latexit sha1_base64="52TesjwLCvJj3spJJKh5oAX5J9w="></latexit>

�Q

�⌧
= !Q(P0)

<latexit sha1_base64="YwaAZreOfA5+D9qK7meuMrsK/Wg=">AAACJnicbVDJSgNBFOyJW4xb1KOXxiDoJcyI20UIKuIxgjFCJgw9nTemsWeh+40YhvkaL/6KFw8REW9+ip1F0GhBQ1FVj36v/EQKjbb9YRWmpmdm54rzpYXFpeWV8uratY5TxaHBYxmrG59pkCKCBgqUcJMoYKEvoenfnQ785j0oLeLoCnsJtEN2G4lAcIZG8srHbsiw6weZGyjGM/cMJDJaz7+ZiyzNc3pMv3PnXgYPmG/XPXsn98oVu2oPQf8SZ0wqZIy6V+67nZinIUTIJdO65dgJtjOmUHAJeclNNSSM37FbaBkasRB0OxuemdMto3RoECvzIqRD9edExkKte6FvkoNl9aQ3EP/zWikGR+1MREmKEPHRR0EqKcZ00BntCAUcZc8QxpUwu1LeZaYvNM2WTAnO5Ml/yfVu1Tmo7l/uVWon4zqKZINskm3ikENSIxekThqEk0fyTPrk1XqyXqw3630ULVjjmXXyC9bnF7iBpeg=</latexit>

�P

�⌧
= Fext(P0)

initial condition of 
complex system

predicted 
output of 
complex 
system

<latexit sha1_base64="rAQbLMb4xUXZ/kbhI2Sfpn23P7I=">AAAB9XicbVDJSgNBEK1xjXGLevTSGAQPEnrE7RjMxWMEs8BkHHo6PUmTnp6hu0cJQ/7DiwdFvPov3vwbO8tBEx8UPN6roqpemAquDcbfztLyyuraemGjuLm1vbNb2ttv6iRTlDVoIhLVDolmgkvWMNwI1k4VI3EoWCsc1MZ+65EpzRN5b4Yp82PSkzzilBgrPdQC7HVSHuDTKMB+UCrjCp4ALRJ3RsowQz0ofXW6Cc1iJg0VRG vPxanxc6IMp4KNip1Ms5TQAekxz1JJYqb9fHL1CB1bpYuiRNmSBk3U3xM5ibUexqHtjInp63lvLP7neZmJrv2cyzQzTNLpoigTyCRoHAHqcsWoEUNLCFXc3oponyhCjQ2qaENw519eJM2zintZubg7L1dvZnEU4BCO4ARcuIIq3EIdGkBBwTO8wpvz5Lw4787HtHXJmc0cwB84nz/pi5F/</latexit>

C0[⇡0, f0]
<latexit sha1_base64="mzZ6raUeJsfQ3mnRYdzxxUWSGEk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAiSJgVX8egF48RzAOSZZmdzCZDZmfXmVkhLPkNLx4U8erPePNvnCR70MSChqKqm+6uIBFcG4y/naXlldW19cJGcXNre2e3tLff1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwvJ34rSemNI/lgxklzItIX/KQU2Ks1KU+riQ+Pn308YlfKuMqngItEjcnZchR90tf3V5M04hJQwXRuuPixHgZUYZTwcbFbqpZQuiQ9FnHUkkipr1sevMYHVulh8JY2ZIGTdXfExmJtB5Fge2MiBnoeW8i/ud1UhNeexmXSWqYpLNFYSqQidEkANTjilEjRpYQqri9FdEBUYQaG1PRhuDOv7xImmdV97J6cX9ert3kcRTgEI6gAi5cQQ3uoA4NoJDAM7zCm5M6L8678zFrXXLymQP4A+fzBxEGkGo=</latexit>

c0(p0, q0)

<latexit sha1_base64="B7f3F13cTx7gVrGs1P6c7YcYvCc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXgzgnngZgmzk9lkyOzsMDMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFUrOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpJFaENkvBEtUOsKWeCNgwznLalojgOOW2Fw5uJ33qiSrNEPJiRpEGM+4JFjGBjpce7rvQ7kp1EQbdccavuFGiReDmpQI56t/zV6SUkjakwhGOtfc+VJsiwMoxwOi51Uk0lJkPcp76lAsdUB9n04jE6skoPRYmyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z/NTE10FGRMyNVSQ2aIo5cgkaPI+6jFFieEjSzBRzN6KyAArTIwNqWRD8OZfXiTN06p3UT2/P6vUrvM4inAAh3AMHlxCDW6hDg0gIOAZXuHN0c6L8+58zFoLTj6zD3/gfP4ACriQhQ==</latexit>

Op[⇡, f ]
<latexit sha1_base64="Tg4lglHO7uxtnKgunVZ9xCUxWJ8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXiMYB6QLGF2MpsMmd2ZzMwKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BZIzbVz328mtrK6tb+Q3C1vbO7t7xf2DhhaJIrROBBeqFWBNOYtp3TDDaUsqiqOA02YwvJv6zSeqNBPxoxlL6ke4H7OQEWys1BJdWZZno9NuseRW3BnQMvEyUoIMtW7xq9MTJIlobAjHWrc9Vxo/xcowwumk0Ek0lZgMcZ+2LY1xRLWfzu6doBOr9FAolK3YoJn6eyLFkdbjKLCdETYDvehNxf+8dmLCGz9lsUwMjcl8UZhwZASaPo96TFFi+NgSTBSztyIywAoTYyMq2BC8xZeXSeO84l1VLh8uStXbLI48HMExlMGDa6jCPdSgDgQ4PMMrvDkj58V5dz7mrTknmzmEP3A+fwA05o9w</latexit>

op(p, q)



General MLDL architecture to control complex systems 
(Deep Reinforcement Learning)

powered by:
15



A simple analytic example of H(z)
powered by:

16

drifting pair

guiding center atom

2

http://qitech.biz/videos/phase_space.html
Kuzmin, O’Neil and Glinsky, Phys. Plasmas 11, 2382 (2004)

Glinsky and O’Neil, Phys. Fluids B 3, 1279 (1991)

http://qitech.biz/videos/phase_space.html
http://www.qitech.biz/papers_refereed/phys_plasmas_guiding_center_04.pdf
http://www.qitech.biz/papers_refereed/phys_plasma_3_body_91.pdf


Phase space dispersion
powered by:
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<latexit sha1_base64="+jxAS3mbR4i0ENYi6dYV08M6+bA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjTEpUt0IRTddVrAPaEKYTCft0MlMmJkIJRTc+CtuXCji1p9w5984fSy0euDC4Zx7ufeeKGVUadf9sgpLyyura8X10sbm1vaOvbvXUiKTmDSxYEJ2IqQIo5w0NdWMdFJJUBIx0o6GNxO/fU+kooLf6VFKggT1OY0pRtpIoX3gR0jm9XGoznySKsoEvzr1nKpbqYR22XXcKeBf4s1JGczRCO1PvydwlhCuMUNKdT031UGOpKaYkXHJzxRJER6iPukaylFCVJBPfxjDY6P0YCykKa7hVP05kaNEqVESmc4E6YFa9Cbif1430/FlkFOeZppwPFsUZwxqASeBwB6VBGs2MgRhSc2tEA+QRFib2EomBG/x5b+kVXG8qlO9PS/XrudxFMEhOAInwAMXoAbqoAGaAIMH8ARewKv1aD1bb9b7rLVgzWf2wS9YH98Ao5Z1</latexit>

H̄s/✏ = �1.6022

x

qitech.biz/videos/phase_space_2.html

drifting pair

guiding center atom

guiding center atom

<latexit sha1_base64="FJaitcKiQCpIcZXy+IFycrFDNFA=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyK1B4LXjy2YD+gu5ZsOtuGZpMlySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpapotCmkkvVC4kGzgS0DTMceokCEoccuuHkdu53H0FpJsW9mSYQxGQkWMQoMVZ68GUMIzJoYd9I7A7KFbfqLoDXiZeTCsrRHJS//KGkaQzCUE607ntuYoKMKMMoh1nJTzUkhE7ICPqWChKDDrLF1TN8YZUhjqSyJQxeqL8nMhJrPY1D2xkTM9ar3lz8z+unJqoHGRNJakDQ5aIo5di+OI8AD5kCavjUEkIVs7diOiaKUGODKtkQvNWX10nnqurVqrXWdaVRz+MoojN0ji6Rh25QA92hJmojihR6Rq/ozXlyXpx352PZWnDymVP0B87nD2zBkcs=</latexit>

!Q ! 0
<latexit sha1_base64="t9ksDYBboaGOu8e9ZLZluE4+tao=">AAACCHicbVA7T8MwGHTKq5RXgJEBiwqJhSqpUOlYiYWxlehDakLkuE5r1XYi20GKoo4s/BUWBhBi5Sew8W9wHwO0nGTrdPd9su/ChFGlHefbKqytb2xuFbdLO7t7+wf24VFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8M/W7D0QqGos7nSXE52goaEQx0kYK7FMOPUXNFXMyREHrPr+sTqCnY+hREekssMtOxZkBrhJ3QcpggWZgf3mDGKecCI0ZUqrvOon2cyQ1xYxMSl6qSILwGA1J31CBOFF+PgsygedGGcAoluYIDWfq740ccaUyHppJjvRILXtT8T+vn+qo7udUJKkmAs8filIGTc5pK3BAJcGaZYYgLKn5K8QjJBHWpruSKcFdjrxKOtWKW6vUWlflRn1RRxGcgDNwAVxwDRrgFjRBG2DwCJ7BK3iznqwX6936mI8WrMXOMfgD6/MHg3SZAw==</latexit>

m ⇠ !�2
Q ! 1

<latexit sha1_base64="s/jpgTd3I42e0JbGoO4fmRAiQiY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiStVDdC0Y3LFuwD2hAm00k7dGYSZiZiCf0VNy4UceuPuPNvnLZZaOuBC4dz7uXee8KEUaVd99sqbGxube8Ud0t7+weHR/ZxuaPiVGLSxjGLZS9EijAqSFtTzUgvkQTxkJFuOLmb+91HIhWNxYOeJsTnaCRoRDHSRgrs8iDmZISCrOXO4A2sOrVaYFdcx10ArhMvJxWQoxnYX4NhjFNOhMYMKdX33ET7GZKaYkZmpUGqSILwBI1I31CBOFF+trh9Bs+NMoRRLE0JDRfq74kMcaWmPDSdHOmxWvXm4n9eP9XRtZ9RkaSaCLxcFKUM6hjOg4BDKgnWbGoIwpKaWyEeI4mwNnGVTAje6svrpFN1vLpTb11WGrd5HEVwCs7ABfDAFWiAe9AEbYDBE3gGr+DNmlkv1rv1sWwtWPnMCfgD6/MHrc+S6g==</latexit>

!Q0 = 2.33
<latexit sha1_base64="o9a5xIw9lFxOjtIF0TAQlwEOOLs=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFchaRKdSMU3bhswT6gDWEynbRDJzNhZiKWkF9x40IRt/6IO//GaZuFth64cDjnXu69J0wYVdp1v6219Y3Nre3STnl3b//g0D6qdJRIJSZtLJiQvRApwignbU01I71EEhSHjHTDyd3M7z4SqajgD3qaED9GI04jipE2UmBXBiImIxRkLS+HN7DmuBeBXXUddw64SryCVEGBZmB/DYYCpzHhGjOkVN9zE+1nSGqKGcnLg1SRBOEJGpG+oRzFRPnZ/PYcnhllCCMhTXEN5+rviQzFSk3j0HTGSI/VsjcT//P6qY6u/YzyJNWE48WiKGVQCzgLAg6pJFizqSEIS2puhXiMJMLaxFU2IXjLL6+STs3x6k69dVlt3BZxlMAJOAXnwANXoAHuQRO0AQZP4Bm8gjcrt16sd+tj0bpmFTPH4A+szx+qzJLo</latexit>

!Q1 = 2.03

<latexit sha1_base64="faah9EdOx8felUIjls2nJvKDeOg=">AAAB73icdVDLTgJBEOzFF+IL9ehlIjHBy2YXAdkb0QtHTOSRwIbMDrMwYfbhzKwJIfyEFw8a49Xf8ebfOAuYqNFKOqlUdae7y4s5k8qyPozM2vrG5lZ2O7ezu7d/kD88assoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON7lO/c49FZJF4a2axtQN8ChkPiNYaanbKPY9qvD5IF+wTKdWqZRLyDItyylXLjRxHMeu2cjWSooCrNAc5N/7w4gkAQ0V4VjKnm3Fyp1hoRjhdJ7rJ5LGmEzwiPY0DXFApTtb3DtHZ1oZIj8SukKFFur3iRkOpJwGnu4MsBrL314q/uX1EuXX3BkL40TRkCwX+QlHKkLp82jIBCWKTzXBRDB9KyJjLDBROqKcDuHrU/Q/aZdMu2pWb8qF+tUqjiycwCkUwYZLqEMDmtACAhwe4AmejTvj0XgxXpetGWM1cww/YLx9AqbIj8E=</latexit>

H(�)

Kuzmin, O’Neil and Glinsky, Phys. Plasmas 11, 2382 (2004)
Glinsky and O’Neil, Phys. Fluids B 3, 1279 (1991)

https://youtu.be/YcYL6AWDAV8
http://qitech.biz/videos/phase_space_2.html
http://www.qitech.biz/papers_refereed/phys_plasmas_guiding_center_04.pdf
http://www.qitech.biz/papers_refereed/phys_plasma_3_body_91.pdf


Ponderomotive stabilization of saddle point
powered by:
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DP

GCA

https://www.youtube.com/watch?v=cjGqxF79ITI


Topological and geometric manipulation for control
powered by:
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What is Q learning?
powered by:

20

<latexit sha1_base64="xXtxFJhU04DVwhFZxTGskjyo3ZU="></latexit>

eQ(s, a; ✓) = W (q, P (p, q)) ⌘ WP (p, q) = W (q, p;P )

<latexit sha1_base64="Und00wZUCgcR/LksOhsrEo4H7S4=">AAACCXicbVDJSgNBEO1xjXGLevTSGIQEJMyIG4gQ9OIxglkgCaGnp5I06VnsrlHCkKsXf8WLB0W8+gfe/Bs7y0ETHxQ83quiqp4bSaHRtr+tufmFxaXl1Ep6dW19YzOztV3RYaw4lHkoQ1VzmQYpAiijQAm1SAHzXQlVt3c19Kv3oLQIg1vsR9D0WScQbcEZGqmVoY0H4QEK6UFSGeT0eQO7gCxPL2g1d3dQyrcyWbtgj0BniTMhWTJBqZX5anghj30IkEumdd2xI2wmTKHgEgbpRqwhYrzHOlA3NGA+6GYy+mRA943i0XaoTAVIR+rviYT5Wvd913T6DLt62huK/3n1GNtnzUQEUYwQ8PGidiwphnQYC/WEAo6ybwjjSphbKe8yxTia8NImBGf65VlSOSw4J4Xjm6Ns8XISR4rskj2SIw45JUVyTUqkTDh5JM/klbxZT9aL9W59jFvnrMnMDvkD6/MHbdOY3Q==</latexit>

eV (s; ✓) = W (q, P )
<latexit sha1_base64="r1b9Scxc1fde+Uyeh84bRpdsPUE="></latexit>

e⇡(s; ✓) = @W (q, P )

@q
= ⇡(q, P ) = p

<latexit sha1_base64="GxGkWU+XxP8yCuLt8glm4zzBGmE=">AAACIXicbVDLSgMxFM3UV62vqks3wSJUkTIjProRim5cVrCt0NaSydy2wczD5I5Shv6KG3/FjQtFuhN/xkzbha8DgZNz7iG5x42k0GjbH1ZmZnZufiG7mFtaXlldy69v1HUYKw41HspQXbtMgxQB1FCghOtIAfNdCQ339jz1G/egtAiDKxxE0PZZLxBdwRkaqZMv12/2inqXntLWg/AAhfQgqQ+Ler+FfUB2s5d6tFG826fVySVN3O128gW7ZI9B/xJnSgpkimonP2p5IY99CJBLpnXTsSNsJ0yh4BKGuVasIWL8lvWgaWjAfNDtZLzhkO4YxaPdUJkTIB2r3xMJ87Ue+K6Z9Bn29W8vFf/zmjF2y+1EBFGMEPDJQ91YUgxpWhf1hAKOcmAI40qYv1LeZ4pxNKXmTAnO75X/kvpByTkuHV0eFipn0zqyZItskyJxyAmpkAtSJTXCySN5Jq/kzXqyXqx3azQZzVjTzCb5AevzC2aqn0o=</latexit>

V ⇤(s) = eV (s, ✓⇤) = W (q, P ⇤) = V ⇤(q)
<latexit sha1_base64="4HkFdJgXSRI88vC4RUve17eauUk="></latexit>

⇡⇤(s) = e⇡(s; ✓⇤) = @W (q, P ⇤)

@q
= ⇡(q, P ⇤) = ⇡⇤(q)

<latexit sha1_base64="TOlqTbUjYQeehZVvPk9Oyq8fMLw=">AAACGnicbZDLSgNBEEV7fBtfUZduGoOQYAgz4msjiCJkOQGjgUwIPZ2KNul50F0jhiHf4cZfceNCEXfixr+xJ8lCjRcaDreqqK7rx1JotO0va2p6ZnZufmExt7S8srqWX9+40lGiONR5JCPV8JkGKUKoo0AJjVgBC3wJ137vPKtf34HSIgovsR9DK2A3oegKztBY7bxDjapFzwdkJXpi0C3XMrhou0W3RHepV6Yewj2mYpBxrZ0v2BV7KDoJzhgKZCy3nf/wOhFPAgiRS6Z107FjbKVMoeASBjkv0RAz3mM30DQYsgB0Kx2eNqA7xunQbqTMC5EO3Z8TKQu07ge+6QwY3uq/tcz8r9ZMsHvcSkUYJwghHy3qJpJiRLOcaEco4Cj7BhhXwvyV8lumGEeTZs6E4Pw9eRKu9irOYeWgtl84PRvHsUC2yDYpEocckVNSJS6pE04eyBN5Ia/Wo/VsvVnvo9YpazyzSX7J+vwG/z2bUw==</latexit>

H(�) = H(P,Q) = EP (P ) + iQ

<latexit sha1_base64="AJWVh+ikHiM8EZWwB7CxAufiY0w="></latexit>

Q =
@W (q, P )

@P
=

@ eQ(s, ✓)

@✓

<latexit sha1_base64="5k+NUK97oLuJqQmTCv9Cbi6ivOE=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAhuLIn42ghFNy4r2Ac0sUymk3boZBJmbpQQ+h9uXCji1n9x5984fSy09cCFwzn3cu89QSK4Rsf5thYWl5ZXVgtrxfWNza3t0s5uQ8epoqxOYxGrVkA0E1yyOnIUrJUoRqJAsGYwuBn5zUemNI/lPWYJ8yPSkzzklKCRHjzkEdNXxx6XIWadUtmpOGPY88SdkjJMUeuUvrxuTNOISaSCaN12nQT9nCjkVLBh0Us1SwgdkB5rGyqJWebn46uH9qFRunYYK1MS7bH6eyInkdZZFJjOiGBfz3oj8T+vnWJ46edcJikySSeLwlTYGNujCOwuV4yiyAwhVHFzq037RBGKJqiiCcGdfXmeNE4q7nnl7O60XL2exlGAfTiAI3DhAqpwCzWoAwUFz/AKb9aT9WK9Wx+T1gVrOrMHf2B9/gBx0JJ+</latexit>⇥ = �1

io
n

G
C 

ele
ct

ro
n

<latexit sha1_base64="nkLb4HMNNzlh5ONxAfKbya3pJCs=">AAACAnicdVDLSgMxFL3js9bXqCtxEyyCq2FG26q7ohuXFewD2qFk0kwbmnmQZIQyFDf+ihsXirj1K9z5N2Y6LajogSSHc+7l5h4v5kwq2/40FhaXlldWC2vF9Y3NrW1zZ7cpo0QQ2iARj0Tbw5JyFtKGYorTdiwoDjxOW97oKvNbd1RIFoW3ahxTN8CDkPmMYKWlnrnfVSygEs0fwgTJ755Zsq2LDKcoJ9WM2GXHdirIsewpSjBDvWd+dPsRSQIaKsKxlB3HjpWbYqEY4XRS7CaSxpiM8IB2NA2xHuim0xUm6EgrfeRHQp9Qoan6vSPFgZTjwNOVAVZD+dvLxL+8TqL8czdlYZwoGpJ8kJ9wpCKU5YH6TFCi+FgTTATTf0VkiAUmSqdW1CHMN0X/k+aJ5VStyk25VLucxVGAAziEY3DgDGpwDXVoAIF7eIRneDEejCfj1XjLSxeMWc8e/IDx/gVUw5dt</latexit> ⇥
⇥
��

<latexit sha1_base64="LXdDig46sik02M+swNFZz1KLp2U=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9iHtUDLpnTY0mRmSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJIJr47rfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pR8AgbhhuB7UQhlYHAVjC6nfqtJ1Sax9GDGSfoSzqIeMgZNVZ6lD0kXRMTt1euuFV3BrJMvJxUIEe9V/7q9mOWSowME1Trjucmxs+oMpwJnJS6qcaEshEdYMfSiErUfjY7eEJOrNInYazsiwyZqb83Miq1HsvATkpqhnrRm4r/eZ3UhNd+xqMkNRix+UdhKoiNOE1P+lwhM2JsCWWK21sJG1JFmbEdlWwJ3mLkZdI8q3qX1Yv780rtJq+jCEdwDKfgwRXU4A7q0AAGEp7hFd4c5bw4787HfLTg5DuH8AfO5w/DhY++</latexit>

me ! 0

<latexit sha1_base64="nkLb4HMNNzlh5ONxAfKbya3pJCs=">AAACAnicdVDLSgMxFL3js9bXqCtxEyyCq2FG26q7ohuXFewD2qFk0kwbmnmQZIQyFDf+ihsXirj1K9z5N2Y6LajogSSHc+7l5h4v5kwq2/40FhaXlldWC2vF9Y3NrW1zZ7cpo0QQ2iARj0Tbw5JyFtKGYorTdiwoDjxOW97oKvNbd1RIFoW3ahxTN8CDkPmMYKWlnrnfVSygEs0fwgTJ755Zsq2LDKcoJ9WM2GXHdirIsewpSjBDvWd+dPsRSQIaKsKxlB3HjpWbYqEY4XRS7CaSxpiM8IB2NA2xHuim0xUm6EgrfeRHQp9Qoan6vSPFgZTjwNOVAVZD+dvLxL+8TqL8czdlYZwoGpJ8kJ9wpCKU5YH6TFCi+FgTTATTf0VkiAUmSqdW1CHMN0X/k+aJ5VStyk25VLucxVGAAziEY3DgDGpwDXVoAIF7eIRneDEejCfj1XjLSxeMWc8e/IDx/gVUw5dt</latexit>

⇥
⇥
��

<latexit sha1_base64="B+aaCxZbxpo7h+/ksGlgq5tZaKk=">AAAB83icdVDJSgNBEO1xjXGLevTSGARBGHpC4iS3oCAeEzALZELo6XSSJj0L3TViGPIbXjwo4tWf8ebf2FkEFX1Q8Hiviqp6fiyFBkI+rJXVtfWNzcxWdntnd28/d3DY1FGiGG+wSEaq7VPNpQh5AwRI3o4Vp4EvecsfX8381h1XWkThLUxi3g3oMBQDwSgYyTvH1z0P+D2k9Wkvlye2U3BdQjCxK5WK65YWhBTL2LHJHHm0RK2Xe/f6EUsCHgKTVOuOQ2LoplSBYJJPs16ieUzZmA55x9CQBlx30/nNU3xqlD4eRMpUCHiufp9IaaD1JPBNZ0BhpH97M/Evr5PAoNxNRRgnwEO2WDRIJIYIzwLAfaE4AzkxhDIlzK2YjaiiDExMWRPC16f4f9Is2M6FXaoX89XLZRwZdIxO0BlykIuq6AbVUAMxFKMH9ISercR6tF6s10XrirWcOUI/YL19Agn8kbw=</latexit>

+FQ

<latexit sha1_base64="1UdwZ0oBMAOilejxjjLrSZIj62U=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dCZSZiZKCH0P9y4UMSt/+LOv3HaZqGtBy4czrmXe+8JE860cd1vZ2l5ZXVtvbRR3tza3tmt7O23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g5HNxO//UiVZrG8N1lCA4EHkkWMYGOlB9FjyDcx8pmMTNarVN2aOwVaJF5BqlCg0at8+f2YpIJKQzjWuuu5iQlyrAwjnI7LfqppgskID2jXUokF1UE+vXqMjq3SR1GsbEmDpurviRwLrTMR2k6BzVDPexPxP6+bmugqyJlMUkMlmS2KUo7sn5MIUJ8pSgzPLMFEMXsrIkOsMDE2qLINwZt/eZG0TmveRe387qxavy7iKMEhHMEJeHAJdbiFBjSBgIJneIU358l5cd6dj1nrklPMHMAfOJ8/IKaSSg==</latexit>mi ! 1<latexit sha1_base64="zZ2E5Rpi+GmrHMpHMIvwOiwcma8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoLmoivjaFogguU7APaGKYTCft0MmDmYlQQj7Djb/ixoUibrvzb5y0BbV64MLhnHtn7j1ezKiQhvGpFRYWl5ZXiqultfWNzS19e6clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wOvfbD4QLGoV3chQTJ0D9kPoUI6kkVz+2o4D0kduo2T5HOLVjxCVFDN64VsW6PzrMviUrqxmuXjaqxgTwLzFnpAxmsFx9bPcinAQklJghIbqmEUsnzZ/EjGQlOxEkRniI+qSraIgCIpx0clgGD5TSg37EVYUSTtSfEykKhBgFnuoMkByIeS8X//O6ifQvnZSGcSJJiKcf+QmDMoJ5SrBHOcGSjRRBmFO1K8QDpAKSKsuSCsGcP/kvaZ1UzfPqWeO0XL+axVEEe2AfVIAJLkAd3AILNAEGj+AZvII37Ul70d61j2lrQZvN7IJf0MZfh/KfcQ==</latexit>

!Q =
@EP (P ⇤)

@P
= 0 {

action or Hamilton’s characteristic function or generating 
function of canonical transformation solving HJB

analytic continuation of the real Hamiltonian or 
imaginary part of the complex Hamiltonian

<latexit sha1_base64="+pmBZoljCUuPsZMCE7S1Qw/Yl1E=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBZBEEKibdVbURCPFewHtKFstpt26WYTdzdCCf0TXjwo4tW/481/46atoKIPBh7vzTAzz485U9pxPqzcwuLS8kp+tbC2vrG5VdzeaaookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11mfuueSsUicavHMfVCPBAsYARrI7WP0FUvVfGkVyw59nmGEzQj1Yw4ZddxK8i1nSlKMEe9V3zv9iOShFRowrFSHdeJtZdiqRnhdFLoJorGmIzwgHYMFTikykun907QgVH6KIikKaHRVP0+keJQqXHom84Q66H67WXiX14n0cGZlzIRJ5oKMlsUJBzpCGXPoz6TlGg+NgQTycytiAyxxESbiAomhK9P0f+keWy7VbtyUy7VLuZx5GEP9uEQXDiFGlxDHRpAgMMDPMGzdWc9Wi/W66w1Z81nduEHrLdPEX+QBw==</latexit>

+Fsp

<latexit sha1_base64="wqw6COOknL5I8dXfeBblv2XqxRc=">AAACAnicbVBNS8NAEN3U7/oV9SRegkXwVJPi10UQvXhUsCo0NWy2k3bpbhJ2J2IJxYt/xYsHRbz6K7z5b9zWHLT1wcDjvRlm5oWp4Bpd98sqTUxOTc/MzpXnFxaXlu2V1SudZIpBnSUiUTch1SB4DHXkKOAmVUBlKOA67J4O/Os7UJon8SX2UmhK2o55xBlFIwX2ugx8hHvMIYr6R96On0ho0+DithbYFbfqDuGME68gFVLgPLA//VbCMgkxMkG1bnhuis2cKuRMQL/sZxpSyrq0DQ1DYypBN/PhC31nyygtJ0qUqRidofp7IqdS654MTaek2NGj3kD8z2tkGB02cx6nGULMfhZFmXAwcQZ5OC2ugKHoGUKZ4uZWh3WoogxNamUTgjf68ji5qlW9/erexW7l+KSIY5ZskE2yTTxyQI7JGTkndcLIA3kiL+TVerSerTfr/ae1ZBUza+QPrI9vxHuXBw==</latexit>

me↵ = 1/!2
Q



Parameters of MHD model of liner implosions (MagLIF)
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<latexit sha1_base64="AP4q6PnU1mVPg0IDxI0niC8+k6I=">AAACLHicbVDLSgNBEJz1bXxFPXoZDIKnsCu+LoGAF48KxghJCL2T3mRwdnaY6RVDyAd58VcE8aCIV7/DScxBowUNRfWLqtgo6SgM34KZ2bn5hcWl5cLK6tr6RnFz69pluRVYE5nK7E0MDpXUWCNJCm+MRUhjhfX49mzUr9+hdTLTV9Q32Eqhq2UiBZCX2sWz5h1Y05PtgdRDXuFNwnvyXJIExU3Pn+aguwp5lvC0ovnokeUGLeU2Hh8ZtoulsByOwf+SaEJKbIKLdvG52clEnqImocC5RhQaag3AkhQKh4Vm7tCAuIUuNjzVkKJrDcZmh3zPKx2eZNaXJj5Wf24MIHWun8Z+MgXqueneSPyv18gpOW156yYn1OL7UZIrThkfJcc70qIg1fcEhPUBCS56YEGQz7fgQ4imLf8l1wfl6Lh8dHlYqp5O4lhiO2yX7bOInbAqO2cXrMYEe2BP7JW9BY/BS/AefHyPzgSTnW32C8HnF0/4qNs=</latexit>

'in = initial phase angle of m=n liner perturbation

<latexit sha1_base64="TPyQhr8Kn3Gyhq4judM95bPW0/4="></latexit>

� = magnitude of liner perturbation, fraction of thickness w

<latexit sha1_base64="Vfr8dRuB7GJ9XAoQjaWx9k5NEg8=">AAACLnicbVDLSgMxFM3Ud31VXboJFsFVnRFfG0ERwaWKrYW2lEx62wYzmSG5o5ZhvsiNv6ILQUXc+hlm2iJqPRA4nHNPknv8SAqDrvvi5MbGJyanpmfys3PzC4uFpeWKCWPNocxDGeqqzwxIoaCMAiVUIw0s8CVc+dfHmX91A9qIUF1iL4JGwDpKtAVnaKVm4aSOcIfJ0UVKD+gt3aQXTdeygZpdqikzEXCkOkuk3x7jHCT0RZU2C0W35PZBR4k3JEUyxFmz8FRvhTwOQCGXzJia50bYSJhGwSWk+XpsIGL8mnWgZqliAZhG0l83petWadF2qO1RSPvqz0TCAmN6gW8nA4Zd89fLxP+8Wozt/UYiVBQjKD54qB1LiiHNuqMtoW0TsmcJ41rYv1LeZZpxtA3nbQne35VHSWWr5O2Wds63i4f7wzqmySpZIxvEI3vkkJySM1ImnNyTR/JK3pwH59l5dz4GozlnmFkhv+B8fgGYbahc</latexit>

AR = w/R0 = liner aspect ratio = acceleration

<latexit sha1_base64="Td2uJ+IL7rAWuhVnGGnaupfOp14=">AAACInicbVDLSgMxFM3Ud31VXboJFsFVmREfdSEIblxWaG2hLeVOmmpoMhmSO2IZ+i1u/BU3LhR1JfgxZsYivg4EDuecm+SeMJbCou+/eYWp6ZnZufmF4uLS8spqaW39wurEMN5gWmrTCsFyKSLeQIGSt2LDQYWSN8PhaeY3r7mxQkd1HMW8q+AyEgPBAJ3UKx3Vez49ph3kN5gKFUudRSn0BYSA4y+LaeXutblpstlxr1T2K34O+pcEE1ImE9R6pZdOX7NE8QiZBGvbgR9jNwWDgkk+LnYSy2NgQ7jkbUcjUNx203zFMd12Sp8OtHEnQpqr3ydSUNaOVOiSCvDK/vYy8T+vneCg2k1FFCfII/b50CCRFDXN+qJ9YThDOXIEmBHur5RdgQGGrtWiKyH4vfJfcrFbCQ4q++d75ZPqpI55skm2yA4JyCE5IWekRhqEkVtyTx7Jk3fnPXjP3utntOBNZjbID3jvHwy9pKU=</latexit>

T0 = implosion adiabat = compression ratio



Example MHD implosion evolution
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<latexit sha1_base64="iYtcA4A73GBgq5tLGzKzWE5g/sc=">AAACF3icbVDJSgNBEO2JW4xb1KOXxhDwIGFGRb0E3A4eo5gYyAyhp1MxTXoWumvEMMxfePFXvHhQxKve/Bs7y8HtQcHjvSqq6vmxFBpt+9PKTU3PzM7l5wsLi0vLK8XVtYaOEsWhziMZqabPNEgRQh0FSmjGCljgS7j2+6dD//oWlBZReIWDGLyA3YSiKzhDI7WLFRfhDtPjy4xW6e42vWpH1bG079gUGtk2dc9AIqtSh7rldrFkV+wR6F/iTEiJTFBrFz/cTsSTAELkkmndcuwYvZQpFFxCVnATDTHjfXYDLUNDFoD20tFfGS0bpUO7kTIVIh2p3ydSFmg9CHzTGTDs6d/eUPzPayXYPfRSEcYJQsjHi7qJpBjRYUi0IxRwlANDGFfC3Ep5jynG0URZMCE4v1/+Sxo7FWe/4lzslY5OJnHkyQbZJFvEIQfkiJyTGqkTTu7JI3kmL9aD9WS9Wm/j1pw1mVknP2C9fwE+LZzQ</latexit>

AR = 3, To = 610 eV,� = 1%

M.E. Glinsky and K. Maupin, Computational Mechanics 72, 291 (2023)

https://youtu.be/GmIr3O5GLR0
https://arxiv.org/abs/2302.10243


MLDL architecture, that is log(MST(log))/PCA/MLP pipeline
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solution of Hamilton-Jacobi (Bellman) 
equation, or Laplace’s equation, or geodesics

permutation feature 
importance analysis

predicted vs. actual 
Principle Component time 

evolution

✦ ensemble of 539 simulations generating 
87,318 256x256 images taking 200k core*hrs 

✦ training took 16 GPU*hrs for MST, 27 
GPU*hrs for WPH, 1 core*sec PCA, 20 
core*sec MLP 

✦ surrogate (0.1 core*sec) accelerates a 
simulation (360 core*hrs) by a factor of 107



Including phase with Wavelet Phase Harmonics (WPH) to 
generate correlated fields
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<latexit sha1_base64="DVwOqP7hIEjz39TeogTUz9XMuWs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5CO5IW6vXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0HUyESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1mtPdQq9ds8jiKcwCmcgwdXUId7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8ff8+N1g==</latexit>

t = 0

<latexit sha1_base64="KKsif+ChknDo+azarh0zdf2fwb4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRat0IRTcuK9gHNKFMppN26GQSZm7EGoq/4saFIm79D3f+jdPHQlsPXDiccy/33hMkgmtwnG9rYXFpeWU1t5Zf39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv71yG/cM6V5LO9gkDA/Il3JQ04JGKlt7wO+xOUzjL0T7AF7gEzqYdsuOEVnDDxP3CkpoCmqbfvL68Q0jZgEKojWLddJwM+IAk4FG+a9VLOE0D7pspahkkRM+9n4+iE+MkoHh7EyJQGP1d8TGYm0HkSB6YwI9PSsNxL/81ophBd+xmWSApN0sihMBYYYj6LAHa4YBTEwhFDFza2Y9ogiFExgeROCO/vyPKmfFt3zYum2VKhcTePIoQN0iI6Ri8qogm5QFdUQRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gASXpO7</latexit>

t = 75ns

<latexit sha1_base64="F6Z3TqAx9XjGydcC0OIa3S4WznY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQkoi9bERim5cVrAPaEKZTCft0MkkzNyIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nuCRHANjvNtLSwuLa+sFtaK6xubW9v2zm5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4GfvNB6Y0j+U9DBPmR6QnecgpASN17H3AV9g9czD2TrAH7BEyqUcdu+SUnQnwPHFzUkI5ah37y+vGNI2YBCqI1m3XScDPiAJOBRsVvVSzhNAB6bG2oZJETPvZ5PwRPjJKF4exMiUBT9TfExmJtB5GgemMCPT1rDcW//PaKYSXfsZlkgKTdLooTAWGGI+zwF2uGAUxNIRQxc2tmPaJIhRMYkUTgjv78jxpnJbd83LlrlKqXudxFNABOkTHyEUXqIpuUQ3VEUUZekav6M16sl6sd+tj2rpg5TN76A+szx96zJPv</latexit>

t = 150 ns
<latexit sha1_base64="F6Z3TqAx9XjGydcC0OIa3S4WznY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQkoi9bERim5cVrAPaEKZTCft0MkkzNyIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nuCRHANjvNtLSwuLa+sFtaK6xubW9v2zm5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4GfvNB6Y0j+U9DBPmR6QnecgpASN17H3AV9g9czD2TrAH7BEyqUcdu+SUnQnwPHFzUkI5ah37y+vGNI2YBCqI1m3XScDPiAJOBRsVvVSzhNAB6bG2oZJETPvZ5PwRPjJKF4exMiUBT9TfExmJtB5GgemMCPT1rDcW//PaKYSXfsZlkgKTdLooTAWGGI+zwF2uGAUxNIRQxc2tmPaJIhRMYkUTgjv78jxpnJbd83LlrlKqXudxFNABOkTHyEUXqIpuUQ3VEUUZekav6M16sl6sd+tj2rpg5TN76A+szx96zJPv</latexit>

t = 150 ns

<latexit sha1_base64="FgTwQrAFy89NH/VyZ3K0UqlE4jY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCBylJKepFKHrxWMF+QBPKZrtpl242YXcillDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2lpZXVtfWCxvFza3tnV17b7+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxjeTPzWA1Oax/IeRgnzI9KXPOSUgJG69iHgK1xxHIy9M+wBe4RM6nHXLjllZwq8SNyclFCOetf+8noxTSMmgQqidcd1EvAzooBTwcZFL9UsIXRI+qxjqCQR0342PX+MT4zSw2GsTEnAU/X3REYirUdRYDojAgM9703E/7xOCuGln3GZpMAknS0KU4EhxpMscI8rRkGMDCFUcXMrpgOiCAWTWNGE4M6/vEialbJ7Xq7eVUu16zyOAjpCx+gUuegC1dAtqqMGoihDz+gVvVlP1ov1bn3MWpesfOYA/YH1+QN0gZPr</latexit>

t = 200 ns

<latexit sha1_base64="3k2nL7x7OtXUoCiNaG8tEbHAGDc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9WX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1jOjdo=</latexit>nl
<latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B

<latexit sha1_base64="DVwOqP7hIEjz39TeogTUz9XMuWs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5CO5IW6vXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0HUyESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1mtPdQq9ds8jiKcwCmcgwdXUId7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8ff8+N1g==</latexit>

t = 0

<latexit sha1_base64="KKsif+ChknDo+azarh0zdf2fwb4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRat0IRTcuK9gHNKFMppN26GQSZm7EGoq/4saFIm79D3f+jdPHQlsPXDiccy/33hMkgmtwnG9rYXFpeWU1t5Zf39jc2rZ3dus6ThVlNRqLWDUDopngktWAg2DNRDESBYI1gv71yG/cM6V5LO9gkDA/Il3JQ04JGKlt7wO+xOUzjL0T7AF7gEzqYdsuOEVnDDxP3CkpoCmqbfvL68Q0jZgEKojWLddJwM+IAk4FG+a9VLOE0D7pspahkkRM+9n4+iE+MkoHh7EyJQGP1d8TGYm0HkSB6YwI9PSsNxL/81ophBd+xmWSApN0sihMBYYYj6LAHa4YBTEwhFDFza2Y9ogiFExgeROCO/vyPKmfFt3zYum2VKhcTePIoQN0iI6Ri8qogm5QFdUQRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gASXpO7</latexit>

t = 75ns

<latexit sha1_base64="FgTwQrAFy89NH/VyZ3K0UqlE4jY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCBylJKepFKHrxWMF+QBPKZrtpl242YXcillDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2lpZXVtfWCxvFza3tnV17b7+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxjeTPzWA1Oax/IeRgnzI9KXPOSUgJG69iHgK1xxHIy9M+wBe4RM6nHXLjllZwq8SNyclFCOetf+8noxTSMmgQqidcd1EvAzooBTwcZFL9UsIXRI+qxjqCQR0342PX+MT4zSw2GsTEnAU/X3REYirUdRYDojAgM9703E/7xOCuGln3GZpMAknS0KU4EhxpMscI8rRkGMDCFUcXMrpgOiCAWTWNGE4M6/vEialbJ7Xq7eVUu16zyOAjpCx+gUuegC1dAtqqMGoihDz+gVvVlP1ov1bn3MWpesfOYA/YH1+QN0gZPr</latexit>

t = 200 ns



Physical interpretation of results — inverse cascade into 
dipole (m=2) self organized state or emergent behavior
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<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t<latexit sha1_base64="g8DWupp1gDQQrwfcrQZmtk6XFb4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ac0oWy2m3bpZrPsbgol9G948aCIV/+MN/+N2zQHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fiko5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244uV/43SlVmiXiycwkDWI8EixiBBsr+f4UKzlmg4w15oNqza27OdA68QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdF7xU00lJhM8on1LBY6pDrL85jm6sMoQRYmyJQzK1d8TGY61nsWh7YyxGetVbyH+5/VTE90GGRMyNVSQ5aIo5cgkaBEAGjJFieEzSzBRzN6KyBgrTIyNqWJD8FZfXiedq7p3XW88NmrNuyKOMpzBOVyCBzfQhAdoQRsISHiGV3hzUufFeXc+lq0lp5g5hT9wPn8AP3mR1Q==</latexit>'i4

<latexit sha1_base64="Vo+iO+6q8uwtZolMneegRHyd2u4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXosevFYwX5AdynZNNuGZrMhyRbK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbVz32ylsbe/s7hX3SweHR8cn5dOzjk5SRWibJDxRvRBrypmgbcMMpz2pKI5DTrvh5H7hd6dUaZaIJzOTNIjxSLCIEWys5PtTrOSYDTJWmw/KFbfqLoE2iZeTCuRoDcpf/jAhaUyFIRxr3fdcaYIMK8MIp/OSn2oqMZngEe1bKnBMdZAtb56jK6sMUZQoW8Kgpfp7IsOx1rM4tJ0xNmO97i3E/7x+aqLbIGNCpoYKsloUpRyZBC0CQEOmKDF8ZgkmitlbERljhYmxMZVsCN76y5ukU6t6jWr9sV5p3uVxFOECLuEaPLiBJjxAC9pAQMIzvMKbkzovzrvzsWotOPnMOfyB8/kDPG+R0w==</latexit>'i2

<latexit sha1_base64="S6+y1Z+HNRUhB6RXZf/l1vQ4ytg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9nVUnssePFYwX5AdynZNNuGZrMhyRbK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbVz32ylsbe/s7hX3SweHR8cn5dOzjk5SRWibJDxRvRBrypmgbcMMpz2pKI5DTrvh5H7hd6dUaZaIJzOTNIjxSLCIEWys5PtTrOSYDTJ2Ox+UK27VXQJtEi8nFcjRGpS//GFC0pgKQzjWuu+50gQZVoYRTuclP9VUYjLBI9q3VOCY6iBb3jxHV1YZoihRtoRBS/X3RIZjrWdxaDtjbMZ63VuI/3n91ESNIGNCpoYKsloUpRyZBC0CQEOmKDF8ZgkmitlbERljhYmxMZVsCN76y5ukc1P16tXaY63SbORxFOECLuEaPLiDJjxAC9pAQMIzvMKbkzovzrvzsWotOPnMOfyB8/kDOvKRyg==</latexit>'i3
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<latexit sha1_base64="Y5KTPaRA4kqK8Gn6HGn919E5EDs=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY4YLx7RyMPAhswOA0yY2d3M9BrJhq/w4kFjvPo53vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUoS8jgIlb8WaUxVI3gxG11O/+ci1EVF4j+OY+4oOQtEXjKKVHjrInzC9upt0iyW37M5AlomXkRJkqHWLX51exBLFQ2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetjSkihs/nR08ISdW6ZF+pG2FSGbq74mUKmPGKrCdiuLQLHpT8T+vnWC/4qcijBPkIZsv6ieSYESm35Oe0JyhHFtCmRb2VsKGVFOGNqOCDcFbfHmZNM7K3kX5/Pa8VK1kceThCI7hFDy4hCrcQA3qwEDBM7zCm6OdF+fd+Zi35pxs5hD+wPn8Afd+kH8=</latexit>
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<latexit sha1_base64="HFP5ZSuun6u2MPpb/QLPEeyNvtM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4j5gXJEmYns8mQeSwzs0JY8glePCji1S/y5t84SfagiQUNRVU33V1Rwpmxvv/tFTY2t7Z3irulvf2Dw6Py8UnbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E03u5n7niWrDlGzaaUJDgUeSxYxg66TH5kANyhW/6i+A1kmQkwrkaAzKX/2hIqmg0hKOjekFfmLDDGvLCKezUj81NMFkgke056jEgpowW5w6QxdOGaJYaVfSooX6eyLDwpipiFynwHZsVr25+J/XS21cCzMmk9RSSZaL4pQjq9D8bzRkmhLLp45gopm7FZEx1phYl07JhRCsvrxO2lfV4KZ6/XBdqdfyOIpwBudwCQHcQh3uoQEtIDCCZ3iFN497L96797FsLXj5zCn8gff5AzK8jbk=</latexit>

To



Conclusions — the topology of dynamical manifolds
• transformational method that is finding the time invariant coordinates (P,Q;E(P)) that are the solution to the Hamilton-Jacobi equation


✦ Reduced Order Model (ROM) of Artificial Intelligence (AI)

✦ what Generative Pre-educated Transformers (GPTs) are learning

✦ what Deep Reinforcement Learning (DRL) is learning, based on Hamilton-Jacobi-Bellman Equation

✦ what the HST(deep deconvolution)/PCA/MLP(decoder) computational pipeline is finding:


‣ primally, The Golden Rule of collective behavior and philosophy — understanding the global consequences of local actions — knowing the path of least action

‣ “the collective acts as one”, “a rising tide floats all ships”, “tous pour un, un pour tous”, “do unto others as you would have them do unto you”

‣ the essence of well educated intelligence — the ability to think critically, that is strategically (example, play the beautiful Brazilian game of football)


• contrasted to trained stupidity — reflexive action (example, maximize website hits without regard to the consequences)

‣ The Inherent Goodness of Well Educated Intelligence

‣ direct and computationally efficient


✦ geodesics of the motion (minimum action paths)

✦ analytic function H(β) that is solution to Laplace’s Equation, Lie group symmetries

✦ topology of low dimensional dynamical manifold β*, that is topological discovery 

• HST has physical meaning and interpretation, finds solution to Renormalization Group Equations (+PCA), extrapolates, supports causal analysis


• HST is a excellent metric, that exposes the:

✦ dynamical manifold and its group symmetries

✦ fundamental geometrical objects or relaxed states or topology, which are:


‣ ground states of Quantum Field Theory (QFT)

‣ attractive manifolds of nonlinear dynamics

‣ emergent behaviors and self organizations of complex systems

‣ Taylor relaxed states and BGK modes of plasma physics

‣ poles and branch cuts of control theory and complex analysis

‣ homology classes of topology

powered by:
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• HST/PCA/MLP enables topological identification of fields in: 
✦ physics 
✦ complex systems and nonlinear dynamics 
✦ economics and finance 
✦ Artificial Intelligence (AI) 



BACKUP SLIDES
Further information

powered by:



Relationship to S-matrix and Wigner-Weyl transform
powered by:
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Heisenberg’s S-matrix Wigner-Weyl transform



Multi Layer Perceptron (MLP) regression
powered by:
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To



Support Vector Regression (SVR)
powered by:
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<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�

<latexit sha1_base64="U6omrINbpvLlY+IjcEuexnC2fYU=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V+wXtUrJptg3NJkuSFcrSn+DFgyJe/UXe/Dem7R609cHA470ZZuaFieDGet43Kqytb2xuFbdLO7t7+wflw6OWUammrEmVULoTEsMEl6xpuRWsk2hG4lCwdji+m/ntJ6YNV7JhJwkLYjKUPOKUWCc9NvqqX654VW8OvEr8nFQgR71f/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNTp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBNkXCapZZIuFkWpwFbh2d94wDWjVkwcIVRzdyumI6IJtS6dkgvBX355lbQuqv5V9fLhslK7zeMowgmcwjn4cA01uIc6NIHCEJ7hFd6QQC/oHX0sWgsonzmGP0CfPzW+jcM=</latexit>

To

<latexit sha1_base64="QIzNgtZctYLscbYSzy0hTbsQTbE=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIzHxRHaNUY+oF49o5GFgQ2aHASbMzG5meo1kw1d48aAxXv0cb/6NA+xBwUo6qVR1p7srjAU36HnfTm5peWV1Lb9e2Njc2t4p7u7VTZRoymo0EpFuhsQwwRWrIUfBmrFmRIaCNcLh9cRvPDJteKTucRSzQJK+4j1OCVrpoY3sCdPLu3GnWPLK3hTuIvEzUoIM1U7xq92NaCKZQiqIMS3fizFIiUZOBRsX2olhMaFD0mctSxWRzATp9OCxe2SVrtuLtC2F7lT9PZESacxIhrZTEhyYeW8i/ue1EuxdBClXcYJM0dmiXiJcjNzJ926Xa0ZRjCwhVHN7q0sHRBOKNqOCDcGff3mR1E/K/ln59Pa0VLnK4sjDARzCMfhwDhW4gSrUgIKEZ3iFN0c7L8678zFrzTnZzD78gfP5A/qAkIk=</latexit>

AR

<latexit sha1_base64="g8DWupp1gDQQrwfcrQZmtk6XFb4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ac0oWy2m3bpZrPsbgol9G948aCIV/+MN/+N2zQHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fiko5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244uV/43SlVmiXiycwkDWI8EixiBBsr+f4UKzlmg4w15oNqza27OdA68QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdF7xU00lJhM8on1LBY6pDrL85jm6sMoQRYmyJQzK1d8TGY61nsWh7YyxGetVbyH+5/VTE90GGRMyNVSQ5aIo5cgkaBEAGjJFieEzSzBRzN6KyBgrTIyNqWJD8FZfXiedq7p3XW88NmrNuyKOMpzBOVyCBzfQhAdoQRsISHiGV3hzUufFeXc+lq0lp5g5hT9wPn8AP3mR1Q==</latexit>'i4

<latexit sha1_base64="Vo+iO+6q8uwtZolMneegRHyd2u4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXosevFYwX5AdynZNNuGZrMhyRbK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmhZIzbVz32ylsbe/s7hX3SweHR8cn5dOzjk5SRWibJDxRvRBrypmgbcMMpz2pKI5DTrvh5H7hd6dUaZaIJzOTNIjxSLCIEWys5PtTrOSYDTJWmw/KFbfqLoE2iZeTCuRoDcpf/jAhaUyFIRxr3fdcaYIMK8MIp/OSn2oqMZngEe1bKnBMdZAtb56jK6sMUZQoW8Kgpfp7IsOx1rM4tJ0xNmO97i3E/7x+aqLbIGNCpoYKsloUpRyZBC0CQEOmKDF8ZgkmitlbERljhYmxMZVsCN76y5ukU6t6jWr9sV5p3uVxFOECLuEaPLiBJjxAC9pAQMIzvMKbkzovzrvzsWotOPnMOfyB8/kDPG+R0w==</latexit>'i2

<latexit sha1_base64="e9lMJhF2qzGadeq2ijt/XQjZAnE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9nVUj0WvXisYD+gu5Rsmm1Ds9mQZAtl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepIrRFEp6obog15UzQlmGG065UFMchp51wfD/3OxOqNEvEk5lKGsR4KFjECDZW8v0JVnLE+hm7nvXLFbfqLoDWiZeTCuRo9stf/iAhaUyFIRxr3fNcaYIMK8MIp7OSn2oqMRnjIe1ZKnBMdZAtbp6hC6sMUJQoW8Kghfp7IsOx1tM4tJ0xNiO96s3F/7xeaqLbIGNCpoYKslwUpRyZBM0DQAOmKDF8agkmitlbERlhhYmxMZVsCN7qy+ukfVX16tXaY63SuMvjKMIZnMMleHADDXiAJrSAgIRneIU3J3VenHfnY9lacPKZU/gD5/MHPfSR1A==</latexit>'i3


