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This talk presents a new unified economic theory that relaxes the capitalistic diffusive approximation made for 
control so that there is coordinated, yet distributed, monetary and fiscal (print/grant investment) policy made to 
maximize GDP, not Discounted Cash Flow (DCF).  This is a socialist, not a capitalistic metric, where the 
economic system is treated as a web (multiscale graph) of economic communes.  The local microeconomics is 
treated like the global macroeconomics.  The viscous forecasting and control is replaced by a Generative 
Artificial Intelligence (genAI) forecasting and control.  The control is distributed (that is, democratic), not 
centralized (that is autocratic).  Monetarism argues for only an autocratic (centralized) capitalistic (profit based) 
monetary control, and Keynesianism argues for only an autocratic capitalistic fiscal (borrow/spend investment) 
control.  This new theory argues for coordinated democratic socialist monetary and fiscal control.  It does have 
philosophical connections to African Ubuntu, the Economics of Mutuality, Modern Monetary Theory, and Marxian 
Economics.  It also makes the connection between genAI and the physics of economic collective systems.  The 
result is an economic system that maximizes the good of society, not an economic system that maximally 
exploits society.

https://youtu.be/80IZBPRx8WA
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monetary 
(money)

fiscal 
(investment)

Monetarism 
central bank ν money supply control, 

that is, autocratic capitalistic monetary policy and control

Keynesianism 
borrow/spend investment by central government with ν, 

that is, autocratic capitalistic fiscal policy and control

macroeconomic
<latexit sha1_base64="WKuNkQfTZwuYu/UAr6cw1aFQk6Y=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUr0IRQW9CBXsB7ShbLabdulmE3YnYg39JV48KOLVn+LNf+O2zUFbHww83pthZp4fC67Bcb6t3NLyyupafr2wsbm1XbR3dhs6ShRldRqJSLV8opngktWBg2CtWDES+oI1/eHlxG8+MKV5JO9hFDMvJH3JA04JGKlrFzvAHiG9vqqN8Tm+bXTtklN2psCLxM1ICWWode2vTi+iScgkUEG0brtODF5KFHAq2LjQSTSLCR2SPmsbKknItJdODx/jQ6P0cBApUxLwVP09kZJQ61Hom86QwEDPexPxP6+dQHDmpVzGCTBJZ4uCRGCI8CQF3OOKURAjQwhV3NyK6YAoQsFkVTAhuPMvL5LGcdmtlCt3J6XqRRZHHu2jA3SEXHSKqugG1VAdUZSgZ/SK3qwn68V6tz5mrTkrm9lDf2B9/gCLiJJg</latexit>

GDP = MV

microeconomic
<latexit sha1_base64="zAOtBN4lyqGsblCIffGkE8lwQLI=">AAACDnicbVDJSgNBEO2JW4xb1KOXxiAoSJgRiYIXMSKeJIKJQmYIPZ1K0qRnobtGDMN8gRd/xYsHRbx69ubf2FkObg8KXr9XRVc9P5ZCo21/Wrmp6ZnZufx8YWFxaXmluLrW0FGiONR5JCN14zMNUoRQR4ESbmIFLPAlXPv96tC/vgWlRRRe4SAGL2DdUHQEZ2ikVnHLDdjdtotwh+lp9Szb2aXuER2/L2qNjLpdoHarWLLL9gj0L3EmpEQmqLWKH2474kkAIXLJtG46doxeyhQKLiEruImGmPE+60LT0JAFoL10dE5Gt4zSpp1ImQqRjtTvEykLtB4EvukMGPb0b28o/uc1E+wceqkI4wQh5OOPOomkGNFhNrQtFHCUA0MYV8LsSnmPKcbRJFgwITi/T/5LGntlp1KuXO6Xjk8mceTJBtkk28QhB+SYnJMaqRNO7skjeSYv1oP1ZL1ab+PWnDWZWSc/YL1/AcH5mqk=</latexit>

max(DCF), NPV � 0

multiscale web (graph) of economic collectives  
distributed, constrained optimization of:

that is,<latexit sha1_base64="onioz1LuxhOJBkNZ/FA+JJgttTY="></latexit>

mSR =
mS

Tb

Z T0

0
R(⌧) d⌧

<latexit sha1_base64="3X2s6tCDASRkNVWeP0OGFqeOQ6c=">AAACBXicbVDLSsNAFJ34rPUVdamLYBFclUSkdlMoKOimUB99QBPKZDpph04ezNyIJWTjxl9x40IRt/6DO//GaZuFth64cDjnXu69x404k2Ca39rC4tLyympuLb++sbm1re/sNmUYC0IbJOShaLtYUs4C2gAGnLYjQbHvctpyh+djv3VPhWRhcAejiDo+7gfMYwSDkrr6gQ30AZLLi3pa8W8qticwSWppcptWas2uXjCL5gTGPLEyUkAZ6l39y+6FJPZpAIRjKTuWGYGTYAGMcJrm7VjSCJMh7tOOogH2qXSSyRepcaSUnuGFQlUAxkT9PZFgX8qR76pOH8NAznpj8T+vE4NXdhIWRDHQgEwXeTE3IDTGkRg9JigBPlIEE8HUrQYZYBUEqODyKgRr9uV50jwpWqVi6fq0UC1nceTQPjpEx8hCZ6iKrlAdNRBBj+gZvaI37Ul70d61j2nrgpbN7KE/0D5/ACzwmFk=</latexit>

GDP = mR =
M

S
= MV

or <latexit sha1_base64="516JWd9SF4eK5Sqsaajz9x7EGoQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqb0IBS9ehPqxbaFdSjbNtqFJdkmyQln6G7x4UMSrP8ib/8a03YNWHww83pthZl6YcKaN6345hZXVtfWN4mZpa3tnd6+8f9DScaoI9UnMY9UJsaacSeobZjjtJIpiEXLaDsdXM7/9SJVmsXwwk4QGAg8lixjBxkr+zaW4v+uXK27VnQP9JV5OKpCj2S9/9gYxSQWVhnCsdddzExNkWBlGOJ2WeqmmCSZjPKRdSyUWVAfZ/NgpOrHKAEWxsiUNmqs/JzIstJ6I0HYKbEZ62ZuJ/3nd1ET1IGMySQ2VZLEoSjkyMZp9jgZMUWL4xBJMFLO3IjLCChNj8ynZELzll/+S1lnVq1Vrt+eVRj2PowhHcAyn4MEFNOAamuADAQZP8AKvjnSenTfnfdFacPKZQ/gF5+MbODqOSQ==</latexit>

M = mSR

note:  each economic collective has its own electronic currency, that is transactional equity, 
with coordinated Ubuntu (print/invest) Financing



Release web of economic collectives from tyranny of 
viscosity, to become an economic superconductor
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<latexit sha1_base64="bN63ovgUpxV4naj7eyOSBSa6CdM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aIv00G15tbdOdAq8QpSgwKtQfWrP4xJKqg0hGOte56bmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JZfXiXty7rXqDcermrN2yKOMpzAKZyDB9fQhHtogQ8ExvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AyQqOFw==</latexit>

+⌫

genAI forecast & control ν forecast & control
<latexit sha1_base64="jiA2t5wts2bWGHlhkjAdSKvSKuY=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIjHBC9k1Bj0SvXjEB49k2ZDZYYAJM7ObmV4j2fAZXjxojFe/xpt/4wB7ULCSTipV3enuCmPBDbjut5NbWV1b38hvFra2d3b3ivsHTRMlmrIGjUSk2yExTHDFGsBBsHasGZGhYK1wdD31W49MGx6pBxjHLJBkoHifUwJW8juSPKVleX93OukWS27FnQEvEy8jJZSh3i1+dXoRTSRTQAUxxvfcGIKUaOBUsEmhkxgWEzoiA+ZbqohkJkhnJ0/wiVV6uB9pWwrwTP09kRJpzFiGtlMSGJpFbyr+5/kJ9C+DlKs4AabofFE/ERgiPP0f97hmFMTYEkI1t7diOiSaULApFWwI3uLLy6R5VvGqlerteal2lcWRR0foGJWRhy5QDd2gOmogiiL0jF7RmwPOi/PufMxbc042c4j+wPn8AcXrkPA=</latexit>

max (mSR)
<latexit sha1_base64="k1QOXnbWaTC4MUNZxz6OUZ8ONrs=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPQi97ikkWSIfR0apIm3TNDd48QhnyFFw+KePVzvPk3dpaDRh8UPN6roqpekAiujet+Obml5ZXVtfx6YWNza3unuLvX0HGqGNZZLGLVCqhGwSOsG24EthKFVAYCm8HwcuI3H1FpHkf3ZpSgL2k/4iFn1Fjp4Zp0BBJ5d9stltyyOwX5S7w5KcEctW7xs9OLWSoxMkxQrduemxg/o8pwJnBc6KQaE8qGtI9tSyMqUfvZ9OAxObJKj4SxshUZMlV/TmRUaj2Sge2U1Az0ojcR//PaqQnP/YxHSWowYrNFYSqIicnke9LjCpkRI0soU9zeStiAKsqMzahgQ/AWX/5LGidlr1Ku3JyWqhfzOPJwAIdwDB6cQRWuoAZ1YCDhCV7g1VHOs/PmvM9ac858Zh9+wfn4Bp07j6c=</latexit>

I  mSR

<latexit sha1_base64="qasY7bKLVIwhAt9OlBhDe8ZGApo=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lEqsdiRTxWsB/QhLLZbtqlu0nYnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/JgzBbb9baytb2xubRd2irt7+weH5lGpraJEEtoiEY9k18eKchbSFjDgtBtLioXPaccfN2Z+54lKxaLwEaYx9QQehixgBIOW+mbJFXiSVlygE0hvG3fZedY3y3bVnsNaJU5OyihHs29+uYOIJIKGQDhWqufYMXgplsAIp1nRTRSNMRnjIe1pGmJBlZfOb8+sM60MrCCSukKw5urviRQLpabC150Cw0gtezPxP6+XQHDtpSyME6AhWSwKEm5BZM2CsAZMUgJ8qgkmkulbLTLCEhPQcRV1CM7yy6ukfVF1atXaw2W5fpPHUUAn6BRVkIOuUB3doyZqIYIm6Bm9ojcjM16Md+Nj0bpm5DPH6A+Mzx+xLpQ7</latexit>

max (DCF)
<latexit sha1_base64="8Co47HL8nR+8lqGg1R7ttGE8yig=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gViR6DEdFbBPOAbAizk04yZPbBTG8wLPkTLx4U8eqfePNvnCR70GhBQ1HVTXeXH0uh0XG+rNzK6tr6Rn6zsLW9s7tn7x80dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9VZ35zDEqLKHzASQydgA1C0RecoZG6tn1HPQnUQ3jE9Lp6M+3aRafkzEH/EjcjRZKh1rU/vV7EkwBC5JJp3XadGDspUyi4hGnBSzTEjI/YANqGhiwA3Unnl0/piVF6tB8pUyHSufpzImWB1pPAN50Bw6Fe9mbif147wf5lJxVhnCCEfLGon0iKEZ3FQHtCAUc5MYRxJcytlA+ZYhxNWAUTgrv88l/SOCu55VL5/rxYucriyJMjckxOiUsuSIXckhqpE07G5Im8kFcrtZ6tN+t90ZqzsplD8gvWxzd+k5Ly</latexit>

I  DCF
that is, no inflation that is, <latexit sha1_base64="2Ojf2qclQi3fnlIG08GLb1eLGIo=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gViTkGvHiSCOYB2SXMTjrJkNkHM73BsORPvHhQxKt/4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRU2Nre2d4q7pb39g8Mj+/ikpeNUcWjyWMaqEzANUkTQRIESOokCFgYS2sH4du63J6C0iKNHnCbgh2wYiYHgDI3Us20P4Qmz+0ZrRr0hUKdnl52KswBdJ25OyiRHo2d/ef2YpyFEyCXTuus6CfoZUyi4hFnJSzUkjI/ZELqGRiwE7WeLy2f0wih9OoiVqQjpQv09kbFQ62kYmM6Q4UivenPxP6+b4qDmZyJKUoSILxcNUkkxpvMYaF8o4CinhjCuhLmV8hFTjKMJq2RCcFdfXietq4pbrVQfrsv1Wh5HkZyRc3JJXHJD6uSONEiTcDIhz+SVvFmZ9WK9Wx/L1oKVz5ySP7A+fwCQoJLx</latexit>

NPV � 0

<latexit sha1_base64="ExHXWcgtR8v/O0vk8Qq57qcVk8A="></latexit>

DCF = mSR

✓
R� E

R

◆✓
e�⌫Tb

⌫T0

◆✓
Tb

mS

◆

<latexit sha1_base64="Yx0mjo74x7v75vuygriDRpJE0iY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WWxIi7row9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo9cCFwzn3cu89Xiy4Asv6Mgorq2vrG8XN0tb2zu6euV9uqyiRlLVoJCLZ9YhigoesBRwE68aSkcATrOONGzO/88ik4lH4ANOYuQEZhtznlICW+mbZATaB9KpxnWFHCBzc3/XNilW15sB/iZ2TCsrR7JufziCiScBCoIIo1bOtGNyUSOBUsKzkJIrFhI7JkPU0DUnAlJvOb8/wsVYG2I+krhDwXP05kZJAqWng6c6AwEgtezPxP6+XgH/hpjyME2AhXSzyE4EhwrMg8IBLRkFMNSFUcn0rpiMiCQUdV0mHYC+//Je0T6t2rVq7PavUL/M4iugQHaETZKNzVEc3qIlaiKIJekIv6NXIjGfjzXhftBaMfOYA/YLx8Q0WbJPW</latexit>

DCF ⌧ mSR (by factor of 101 to 103)

<latexit sha1_base64="nasGQltRCjoZBp6VrnpnnbYSOz8=">AAACEnicbVA9SwNBEN3z2/gVtbRZDIIWhjuRmFIQwTIGYwK5EPY2c3Fxb+/cnQuG436DjX/FxkIRWys7/42bmMKvBwOP92aYmRckUhh03Q9nanpmdm5+YbGwtLyyulZc37g0cao5NHgsY90KmAEpFDRQoIRWooFFgYRmcH0y8psD0EbE6gKHCXQi1lciFJyhlbrFPT/UjGf1/dM8q+fUh5tUDKiPcItZouNQII2Y7guVd4slt+yOQf8Sb0JKZIJat/ju92KeRqCQS2ZM23MT7GRMo+AS8oKfGkgYv2Z9aFuqWASmk41fyumOVXo0jLUthXSsfp/IWGTMMApsZ8Twyvz2RuJ/XjvFsNrJhEpSBMW/FoWppBjTUT60JzRwlENLGNfC3kr5FbMZoU2xYEPwfr/8l1welL1KuXJ+WDquTuJYIFtkm+wSjxyRY3JGaqRBOLkjD+SJPDv3zqPz4rx+tU45k5lN8gPO2ycHyZ5V</latexit>

R� E

R
⌘ profit margin

<latexit sha1_base64="gsRXFFizaGsd0vvIYWAQD1St54k=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoPgKcyIxBwDXjxGyAZJGHo6laRJz2J3TTAMuXnxV7x4UMSrv+DNv7GzHDTxQcHjvaruqufHUmh0nG8rs7a+sbmV3c7t7O7tH9iHR3UdJYpDjUcyUk2faZAihBoKlNCMFbDAl9DwhzdTvzECpUUUVnEcQydg/VD0BGdoJM8+rXo+bcN9Ika0jfCAaczGPuNDiiKAiWfnnYIzA10l7oLkyQIVz/5qdyOeBBAil0zrluvE2EmZQsElTHLtRENsnmd9aBkasgB0J53dMaHnRunSXqRMhUhn6u+JlAVajwPfdAYMB3rZm4r/ea0Ee6VOKsI4QQj5/KNeIilGdBoK7QoFHOXYEMaVMLtSPmCKcTTR5UwI7vLJq6R+WXCLheLdVb5cWsSRJSfkjFwQl1yTMrklFVIjnDySZ/JK3qwn68V6tz7mrRlrMXNM/sD6/AEbd5l2</latexit>

Tb ⌘ payback time

<latexit sha1_base64="DI1UFg7uUKdcdL30e0gvaNTknmA=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArEnMMePEYIS9IQpid9CZDZh/O9AbDEvDir3jxoIhXf8Kbf+Mk2YMmFjQUVd10d7mRFBpt+9vKrK1vbG5lt3M7u3v7B/nDo4YOY8WhzkMZqpbLNEgRQB0FSmhFCpjvSmi6o5uZ3xyD0iIMajiJoOuzQSA8wRkaqZc/qfVs2oH7WIxpB+EBEyk8QOHDtJcv2EV7DrpKnJQUSIpqL//V6Yc89iFALpnWbceOsJswhYJLmOY6sYaI8REbQNvQgPmgu8n8hyk9N0qfeqEyFSCdq78nEuZrPfFd0+kzHOplbyb+57Vj9MrdRARRjBDwxSIvlhRDOguE9oUCjnJiCONKmFspHzLFOJrYciYEZ/nlVdK4LDqlYunuqlApp3FkySk5IxfEIdekQm5JldQJJ4/kmbySN+vJerHerY9Fa8ZKZ47JH1ifP/5zl8E=</latexit>

T0 ⌘ lifetime

<latexit sha1_base64="EeVD3RMGyUFqu6zqogeJD+plMb8=">AAACC3icbVA9SwNBEN3zM8avqKXNYhCswp2IWgo2lhHMB+RC2NvMxSW7e+funBqO9Db+FRsLRWz9A3b+GzcfhRofDDzem2FmXpRKYdH3v7y5+YXFpeXCSnF1bX1js7S1XbdJZjjUeCIT04yYBSk01FCghGZqgKlIQiPqn4/8xi0YKxJ9hYMU2or1tIgFZ+ikTmlP0RBuMnFLQ4R7zDXgXWL6VGUShTsAzLBTKvsVfww6S4IpKZMpqp3SZ9hNeKZAI5fM2lbgp9jOmUHBJQyLYWYhZbzPetByVDMFtp2PfxnSfad0aZwYVxrpWP05kTNl7UBFrlMxvLZ/vZH4n9fKMD5t50KnGYLmk0VxJikmdBQM7QoDHOXAEcaNcLdSfs0M4+jiK7oQgr8vz5L6YSU4rhxfHpXPTqdxFMgu2SMHJCAn5IxckCqpEU4eyBN5Ia/eo/fsvXnvk9Y5bzqzQ37B+/gGH6ybvQ==</latexit>

m ⌘ network multiplier

<latexit sha1_base64="Pav3ywGyAoJhopma+sEMQYH+WVY=">AAACF3icbVC7SgNBFJ31bXxFLW0Gg2AVdkWipWBjqWg0kIQwO7kbB+exztwNhiV/YeOv2FgoYqudf+PkUWjiqQ7n3Ms998SpFA7D8DuYmZ2bX1hcWi6srK6tbxQ3t66dySyHKjfS2FrMHEihoYoCJdRSC0zFEm7iu9OBf9MF64TRV9hLoalYR4tEcIZeahXLl7QB95no0gbCA+YIKjWWSWosdawrdMdRlUkUPgzYfqtYCsvhEHSaRGNSImOct4pfjbbhmQKNXDLn6lGYYjNnFgWX0C80Mgcp43esA3VPNVPgmvnwrz7d80qbJj5KYjTSofp7I2fKuZ6K/aRieOsmvYH4n1fPMDlu5kKnGYLmo0NJJikaOiiJtoUFjrLnCeNW+KyU3zLLOPoqC76EaPLlaXJ9UI4q5crFYenkeFzHEtkhu2SfROSInJAzck6qhJNH8kxeyVvwFLwE78HHaHQmGO9skz8IPn8ALMigkQ==</latexit>

S ⌘ temporal or savings multiplier
<latexit sha1_base64="aB7h/3YiV/BAQ/y3nY+NGfYKs4s="></latexit>

mSR ⌘ mS

Tb

Z T0

0
Rd⌧ = M = money supply

<latexit sha1_base64="OxhK6iv2BvY0VlQRRCAUweczrVE="></latexit>

DCF ⌘
Z T0

0
(R� E) e�⌫⌧ d⌧ = M = Discounted Cash Flow

<latexit sha1_base64="F7JaNuzX5SHRZ9SvuWi89ISpgks=">AAACIHicbVDLSgNBEJyN7/ha9ehlMAheDLsimosQiIheJIKJQhLC7KRjhsw+nOkNhmU/xYu/4sWDInrTr3GS7MFXwUBR1d3TXV4khUbH+bByU9Mzs3PzC/nFpeWVVXttva7DWHGo8VCG6tpjGqQIoIYCJVxHCpjvSbjy+pWRfzUApUUYXOIwgpbPbgLRFZyhkdr2YRPhDpPzaj2lTbiNxYBOlOPKSbp7dpTZgLSqQEOAtM5kDGnbLjhFZwz6l7gZKZAM1bb93uyEPPbNCC6Z1g3XibCVMIWCS0jzzVhDxHif3UDD0ID5oFvJ+MCUbhulQ7uhMs+sMFa/dyTM13roe6bSZ9jTv72R+J/XiLFbaiUiiGKEgE8+6saSYkhHadGOUMBRDg1hXAmzK+U9phhHk2nehOD+Pvkvqe8V3YPiwcV+oVzK4pgnm2SL7BCXHJIyOSVVUiOc3JNH8kxerAfryXq13ialOSvr2SA/YH1+ATcso5w=</latexit>

NPV ⌘ DCF� I = Net Present Value

<latexit sha1_base64="vxsd+w023w7Iznp/VuDbIoHsmTE=">AAACA3icbVC7SgNBFJ31GeMraqfNYBCswq5ITBmwMV0E84AkhNnJTTJkdnaduRsMS8DGX7GxUMTWn7Dzb5w8Ck08MHA45x7u3ONHUhh03W9nZXVtfWMztZXe3tnd288cHFZNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD64nfm0I2ohQ3eEoglbAekp0BWdopXbmuESbcB+LIW0iPGBSUkMwGIDCcTuTdXPuFHSZeHOSJXOU25mvZifk8STMJTOm4bkRthKmUXAJ43QzNhAxPmA9aFiqWACmlUxvGNMzq3RoN9T2KaRT9XciYYExo8C3kwHDvln0JuJ/XiPGbqGVCBXFCIrPFnVjSTGkk0JoR2jgKEeWMK6F/SvlfaYZR1tb2pbgLZ68TKoXOS+fy99eZouFeR0pckJOyTnxyBUpkhtSJhXCySN5Jq/kzXlyXpx352M2uuLMM0fkD5zPH2l5mAU=</latexit>

I ⌘ Investment

<latexit sha1_base64="PT4gHgrvBrCiHi2unXHR/CzBIaQ=">AAACAHicbVA9TwJBEN3DL8Qv1MLCZiMxsSJ3xiAliY0lEvlIgJC9ZYANe3vn7hyRXGj8KzYWGmPrz7Dz37h8FAq+ZJKX92YyM8+PpDDout9Oam19Y3MrvZ3Z2d3bP8geHtVMGGsOVR7KUDd8ZkAKBVUUKKERaWCBL6HuD2+mfn0E2ohQ3eM4gnbA+kr0BGdopU72pEJb8BCLEW0hPGJSgRGoGCadbM7NuzPQVeItSI4sUO5kv1rdkMcBKOSSGdP03AjbCdMouIRJphUbiBgfsj40LVUsANNOZg9M6LlVurQXalsK6Uz9PZGwwJhx4NvOgOHALHtT8T+vGWOv2E6EimIExeeLerGkGNJpGrQrNHCUY0sY18LeSvmAacbRZpaxIXjLL6+S2mXeK+QLd1e5UnERR5qckjNyQTxyTUrklpRJlXAyIc/klbw5T86L8+58zFtTzmLmmPyB8/kD6hmWnQ==</latexit>

R ⌘ Revenue

<latexit sha1_base64="qaBJ+R+ZvyUrt1IrtlLDFSKXq0g=">AAACAXicbVBNS8NAEN3U7/oV9SJ4WSyCp5KI1B4FETwq2Cq0oWy203bpZhN3J6Ul1It/xYsHRbz6L7z5b9y2Ofj1YODx3gwz88JECoOe9+kU5uYXFpeWV4qra+sbm+7Wdt3EqeZQ47GM9W3IDEihoIYCJdwmGlgUSrgJ+2cT/2YA2ohYXeMogSBiXSU6gjO0UsvdPadNuEvFgDYRhpidDxNQBsy45Za8sjcF/Uv8nJRIjsuW+9FsxzyNQCGXzJiG7yUYZEyj4BLGxWZqIGG8z7rQsFSxCEyQTT8Y0wOrtGkn1rYU0qn6fSJjkTGjKLSdEcOe+e1NxP+8RoqdapAJlaQIis8WdVJJMaaTOGhbaOAoR5YwroW9lfIe04yjDa1oQ/B/v/yX1I/KfqVcuTounVbzOJbJHtknh8QnJ+SUXJBLUiOc3JNH8kxenAfnyXl13matBSef2SE/4Lx/Aa6wlws=</latexit>

E ⌘ Expenses

<latexit sha1_base64="lVWvpRMOSb4Zw0vc2WBd91746Fw=">AAACFHicbVA9SwNBFNzz2/gVtbRZDIIghDuRmFKwsVQwKuRC2Nu8i4t7u+fu22A48iNs/Cs2ForYWtj5b9zEFBqdaph5jzdvklwKi2H4GUxNz8zOzS8slpaWV1bXyusbF1Y7w6HBtdTmKmEWpFDQQIESrnIDLEskXCY3x0P/sgfGCq3OsZ9DK2NdJVLBGXqpXd6LlaMx3DrRozHCHRYdYbl2Cqk2VCgEAxapYQiDdrkSVsMR6F8SjUmFjHHaLn/EHc1dBgq5ZNY2ozDHVsEMCi5hUIqdhZzxG9aFpqeKZWBbxeipAd3xSoemPkWqfZqR+nOjYJm1/SzxkxnDazvpDcX/vKbDtN4qhModguLfh1InKWo6bIh2hAGOsu8J40b4rJRfM8O478KWfAnR5Mt/ycV+NapVa2cHlaP6uI4FskW2yS6JyCE5IifklDQIJ/fkkTyTl+AheApeg7fv0algvLNJfiF4/wK3mJ88</latexit>

⌫ ⌘ discount or interest rate

creates an economic superconductor 
free of resistance, that is debt
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optimize
<latexit sha1_base64="L72mmM9tA0AfnX8AriBNd/5tMDc="></latexit>Z T0

0
R(q(⌧)) e�⌫⌧ d⌧ subject to the constraint

<latexit sha1_base64="XJC0/QALEItndVpN6hooF69RM5Y=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhgoRdkWgjBG0sI5gHJCHMzs4mQ2YfmbkrhGVLG3/FxkIRWz/Bzr9xkmyhiQcGDufcw517nEhwBZb1beSWlldW1/LrhY3Nre0dc3evocJYUlanoQhlyyGKCR6wOnAQrBVJRnxHsKYzvJn4zQcmFQ+DexhHrOuTfsA9TgloqWcedjxJaOKO0sTtAIlTfIW90ui044aQjNKTnlm0ytYUeJHYGSmiDLWe+aWjNPZZAFQQpdq2FUE3IRI4FSwtdGLFIkKHpM/amgbEZ6qbTA9J8bFWXOyFUr8A8FT9nUiIr9TYd/SkT2Cg5r2J+J/XjsG77CY8iGJgAZ0t8mKBIcSTVrDLJaMgxpoQKrn+K6YDopsB3V1Bl2DPn7xIGmdlu1Ku3J0Xq9dZHXl0gI5QCdnoAlXRLaqhOqLoET2jV/RmPBkvxrvxMRvNGVlmH/2B8fkDXjiZkA==</latexit>

dq

d⌧
= f(q, q̇)

Lagrangian

method of Lagrange multipliers

<latexit sha1_base64="JPomnlcenZT9n0O1qngL5IJyXTc="></latexit>

d

d⌧

✓
@L

@q̇

◆
� @L

@q
= 0 (Lagrange’s equation)    or 

<latexit sha1_base64="4Ib9WvE/+y0J9aJmHbHSm2Nm2A8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHiOaByRJmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnAccz+kAyX6glG00mOnxyVScn/ldoslt+zOQJaJl5ESZKh1i1+dXsSSkCtkkhrT9twY/ZRqFEzySaGTGB5TNqID3rZU0ZAbP51dPCEnVumRfqRtKSQz9fdESkNjxmFgO0OKQ7PoTcX/vHaC/Us/FSpOkCs2X9RPJMGITN8nPaE5Qzm2hDIt7K2EDammDG1IBRuCt/jyMmmclb1KuXJ3XqpeZ3Hk4QiO4RQ8uIAq3EIN6sBAwTO8wptjnBfn3fmYt+acbOYQ/sD5/AGHW5Av</latexit>

�S = 0

<latexit sha1_base64="ksywXbJ9hlR6GEyFRzAjbtzoaEE=">AAACE3icbVC7TgJBFJ3FF+Jr1dJmIjEBo2TXGLQk2lhQoJFHApvN7DALE2ZfM7MkZMM/2PgrNhYaY2tj5984wBYInuQmJ+fcO3PvcUJGhTSMHy2zsrq2vpHdzG1t7+zu6fsHDRHEHJM6DljAWw4ShFGf1CWVjLRCTpDnMNJ0BrcTvzkkXNDAf5SjkFge6vnUpRhJJdn6abUQnXW6gUyicRF2SBTTIazaBpyXz+FDISraet4oGVPAZWKmJA9S1Gz9W72AY4/4EjMkRNs0QmkliEuKGRnnOrEgIcID1CNtRX3kEWEl05vG8EQpXegGXJUv4VSdn0iQJ8TIc1Snh2RfLHoT8T+vHUv32kqoH8aS+Hj2kRszKAM4CQh2KSdYspEiCHOqdoW4jzjCUsWYUyGYiycvk8ZFySyXyveX+cpNGkcWHIFjUAAmuAIVcAdqoA4weAIv4A28a8/aq/ahfc5aM1o6cwj+QPv6BTqrm9w=</latexit>

L(q, q̇) ⌘ L0(q, q̇)�R(q)

Hamiltonian

via Legendre transformation

(Hamilton’s equations)

<latexit sha1_base64="jdXP73DG2Ztl1O2TZmzloB/rjwg="></latexit>

H(p, q) ⌘ p q̇ � L(q, q̇) = p f(p, q) +R(q)
<latexit sha1_base64="uboWgkA4/u3SfoF8UOxAmS+PvC8=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9GKTC/C0MuOE9wLrGOkabqFpWlMUmGUfg0vfhUvHhTxqCe/jelWUDf/EPjxf54nyfP3BaNKO86XtbS8srq2Xtoob25t7+zae/ttFScSkxaOWSy7PlKEUU5ammpGukISFPmMdPzxdV7v3BOpaMxv9USQfoSGnIYUI22sge14oUQ4De6yNPA0SjJ4CWeWJ5DUFDHYyH5YZAO74lSdqeAiuAVUQKHmwP7wghgnEeEaM6RUz3WE7qf5hZiRrOwligiEx2hIegY5iojqp9PNMnhsnACGsTSHazh1f0+kKFJqEvmmM0J6pOZruflfrZfo8KKfUi4STTiePRQmDOoY5jHBgEqCNZsYQFhS81eIR8jkok2YZROCO7/yIrRPq26tWrs5q9SvijhK4BAcgRPggnNQBw3QBC2AwQN4Ai/g1Xq0nq03633WumQVMwfgj6zPb5Z2oUw=</latexit>

dq

d⌧
=

@H

@p
and

<latexit sha1_base64="5RZJXBTPg7hO2Q0cI/8qu0VC/Wk=">AAACGnicbZBNS8MwGMfT+TbnW9Wjl+AQvDhakelFGHrZcYJ7gbWMNE23sDStSSqM0s/hxa/ixYMi3sSL38Z0K6ibfwj8+D/Pk+T5ezGjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPQ9JwignbUUVI71YEBR6jHS98XVe794TIWnEb9UkJm6IhpwGFCOlrYFpO4FAOPXjLPUdhZIMXsKTmefESCiKGGxmP3yXDcyqVbOmgotgF1AFhVoD88PxI5yEhCvMkJR924qVm+YXYkayipNIEiM8RkPS18hRSKSbTlfL4JF2fBhEQh+u4NT9PZGiUMpJ6OnOEKmRnK/l5n+1fqKCCzelPE4U4Xj2UJAwqCKY5wR9KghWbKIBYUH1XyEeIZ2L0mlWdAj2/MqL0Dmt2fVa/eas2rgq4iiDA3AIjoENzkEDNEELtAEGD+AJvIBX49F4Nt6M91lryShm9sEfGZ/fDE+hgw==</latexit>

dp

d⌧
= �@H

@q

<latexit sha1_base64="ZgM4g5XFQxsUa8OuxNM5KCk97Zg=">AAACFXicbVBLSwMxGMz6rPW16tFLsAgepOyKVI9FLx48VLAP6JaSTbNtaDabJtlCWfZPePGvePGgiFfBm//GbLugtg4EhplvknzjC0aVdpwva2l5ZXVtvbBR3Nza3tm19/YbKoolJnUcsUi2fKQIo5zUNdWMtIQkKPQZafrD68xvjolUNOL3eiJIJ0R9TgOKkTZS1z4V0COjmI6hF0iEE08gqSli8Db94V4v0skoTbt2ySk7U8BF4uakBHLUuvanieI4JFxjhpRqu47QnSS7FjOSFr1YEYHwEPVJ21COQqI6yXSrFB4bpQeDSJrDNZyqvxMJCpWahL6ZDJEeqHkvE//z2rEOLjsJ5SLWhOPZQ0HMoI5gVhHsUUmwZhNDEJbU/BXiATLtaFNk0ZTgzq+8SBpnZbdSrtydl6pXeR0FcAiOwAlwwQWoghtQA3WAwQN4Ai/g1Xq0nq036302umTlmQPwB9bHN4Tdn7Y=</latexit>

p ⌘ @L

@q̇

Generator of Canonical Transformation

(Hamilton-Jacobi equation + viscosity)

<latexit sha1_base64="O/xtBgHCbcI0gp64hFMJC/iGqgY="></latexit>

S(P,E; q, ⌧) ⌘
Z

L(q(⌧), q̇(⌧)) d⌧ = SP (q)� EP ⌧
<latexit sha1_base64="Pc7eLVezaiSBz5HSvHW9wfS7DHE="></latexit>

@S(P,E; q, ⌧)

@⌧
+H(@S/@q, q) = 0+⌫ S

<latexit sha1_base64="lZwbs3f03g3thvuTvybTk3UH5sQ=">AAACFHicbVC7SgNBFJ2N7/hatbQZDIKihF2RaCMEbSwjGhWyIcxObsyQ2dnNzF0xLPkIG3/FxkIRWws7/8bJo/B1YOBwzrncuSdMpDDoeZ9ObmJyanpmdi4/v7C4tOyurF6aONUcqjyWsb4OmQEpFFRRoITrRAOLQglXYedk4F/dgjYiVhfYS6AesRslWoIztFLD3TlvVLa62zSAbipuaSAUZgkNdmmz26dHNEC4w4zxQbjfcAte0RuC/iX+mBTIGJWG+xE0Y55GoJBLZkzN9xKsZ0yj4BL6+SA1kDDeYTdQs1SxCEw9Gx7Vp5tWadJWrO1TSIfq94mMRcb0otAmI4Zt89sbiP95tRRbh/VMqCRFUHy0qJVKijEdNESbQgNH2bOEcS3sXylvM21LsD3mbQn+75P/ksu9ol8qls72C+XjcR2zZJ1skC3ikwNSJqekQqqEk3vySJ7Ji/PgPDmvztsomnPGM2vkB5z3LyCena4=</latexit>

SP (q) ⌘
Z

p dq = action

action generates the flow, approximated by genAI

<latexit sha1_base64="qjxedYP0G92Dp6j+Rb6GmkmS/xA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oSkdqNUHDjsoJ9QBPKZDpph04mYeZGDKHgr7hxoYhbv8Odf+P0sdDqgQuHc+6dufcEieAaHOfLKiwtr6yuFddLG5tb2zv27l5Lx6mirEljEatOQDQTXLImcBCskyhGokCwdjC6nvjte6Y0j+UdZAnzIzKQPOSUgJF69sEVPsPeKfaAPUDOJKg4ycY9u+xUnCnwX+LOSRnN0ejZn14/pmlkHqCCaN11nQT8nCjgVLBxyUs1SwgdkQHrGipJxLSfT9cf42Oj9HEYK1MS8FT9OZGTSOssCkxnRGCoF72J+J/XTSGs+TmXSQpM0tlHYSowxHiSBe5zxSiIzBBCFTe7YjokilAwiZVMCO7iyX9J67ziVivV24tyvTaPo4gO0RE6QS66RHV0gxqoiSjK0RN6Qa/Wo/VsvVnvs9aCNZ/ZR79gfXwDIw+U+g==</latexit>

= � entropy
<latexit sha1_base64="b/i0py17MieM/dRA3hMjlR+9SEA="></latexit>

= eV✓(s) = approximate value function (DRL)
<latexit sha1_base64="7j5b4JuPuSagOinyGzdkqvNi82Y="></latexit>

= ln e⇢✓(x) = approximate distribution or score function (GPT)

<latexit sha1_base64="kgI1wzVqG54QxqQkTTVXtuOefAE=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKJLkIAS8eI5gHJEuYnfRuhszOLDOzYljyKV78FS8eFNGbfo2Tx0ETCxqKqm66u4KEM21c98vJra1vbG7ltws7u3v7B8XDo5aWqaLQpJJL1QmIBs4ENA0zHDqJAhIHHNrB6Hrqt+9BaSbFnRkn4MckEixklBgr9YvVq56BB5NFIEBZTUQ4TAWdmliGmBIhhW3m2CgidChVPBuc9Islt+zOgFeJtyAltECjX/zsDSRNYxCGcqJ113MT42dEGUY5TAq9VENC6IhE0LVUkBi0n80enOAzqwyw3W5LGDxTf09kJNZ6HAe209431MveVPzP66YmrPkZE0lqQND5ojC130o8TQsPmAJq+NgSQhWzt2I6JIpQYzMt2BC85ZdXSeui7FXKldvLUr22iCOPTtApOkceqqI6ukEN1EQUPaJn9IrenCfnxXl3PuatOWcxc4z+wPn+AeBBpKY=</latexit>

= generating function of canonical transformation

<latexit sha1_base64="+8WWZXlFj8hwQxybMNF0ewatteY=">AAACE3icbVBNSwMxFMz6WetX1aOXYBHFQ9kVqb0IBUE8KlhbaEvJpq9taDa7JG/FsvQ/ePGvePGgiFcv3vw3ZtsK2joQGGbm5fHGj6Qw6Lpfztz8wuLScmYlu7q2vrGZ29q+NWGsOVR4KENd85kBKRRUUKCEWqSBBb6Eqt8/T/3qHWgjQnWDgwiaAesq0RGcoZVauaOzBsI9JpcsEBJDdWDoeY9pxhG03S44vYgVT7PDVi7vFtwR6CzxJiRPJrhq5T4b7ZDHASjkkhlT99wImwnT9lsJw2wjNhAx3mddqFuqWACmmYxuGtJ9q7RpJ9T2KaQj9fdEwgJjBoFvkwHDnpn2UvE/rx5jp9RMhIpiBMXHizqxpBjStCDaFho4yoEljGuRVsB/GjFZW4I3ffIsuT0ueMVC8fokXy5N6siQXbJHDolHTkmZXJIrUiGcPJAn8kJenUfn2Xlz3sfROWcys0P+wPn4BrF2nqs=</latexit>

= Hamilton’s Characteristic Function

Arnold, “Mathematical Methods of Classical Mechanics” (1989) 
Chiang, “Fundamental Methods of Mathematical Economics” (2005)
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<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>

�⇤
Q

P

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

[⇡i(x), fi(x)]

HJB

<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)

collective

individual

geodesics

HST

Q P

external 
force

Puppet Master viewed 
via a Hall of Mirrors

puppet 
master

<latexit sha1_base64="uTDOool6D6D9sWmOzVrgUfalNYM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY8NJjRfsB7VKyabaNzSZrkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz209UaSbFvZnE1I/wULCQEWys1LrrN8qP5/1iya24c6BV4mWkBBka/eJXbyBJElFhCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VOCIaj+dXztFZ1YZoFAqW8Kgufp7IsWR1pMosJ0RNiO97M3E/7xuYsJrP2UiTgwVZLEoTDgyEs1eRwOmKDF8YgkmitlbERlhhYmxARVsCN7yy6ukdVHxqpXq7WWpVs/iyMMJnEIZPLiCGtShAU0g8ADP8ApvjnRenHfnY9Gac7KZY/gD5/MHoEqOiw==</latexit>

SP (q)
<latexit sha1_base64="rTc2mXR6qQZoi4ibALcNY1BB9GM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY8NJjRfsh26Vk02wbmmSXJCuW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut5NbW9/Y3MpvF3Z29/YPiodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Mbz9SpVks7804oYHAA8kiRrCx0sNdL/Gj8tN50CuW3Io7B1olXkZKkKHRK351+zFJBZWGcKy177mJCSZYGUY4nRa6qaYJJiM8oL6lEguqg8n84Ck6s0ofRbGyJQ2aq78nJlhoPRah7RTYDPWyNxP/8/zURNfBhMkkNVSSxaIo5cjEaPY96jNFieFjSzBRzN6KyBArTIzNqGBD8JZfXiWti4pXrVRvL0u1ehZHHk7gFMrgwRXUoA4NaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wcD0I/u</latexit>

Sp[f(x)]
<latexit sha1_base64="LGsQOy1L1yfMEalPldSPl9OIW1M=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUEHKjEh1IxTduKxgHzAzlEyaaUMzyZBkxDJ046+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCRNGlXacb6uwtLyyulZcL21sbm3v2Lt7LSVSiUkTCyZkJ0SKMMpJU1PNSCeRBMUhI+1weDPx2w9EKir4vR4lJIhRn9OIYqSN1LUPrqDPOPTlQHh+QiuPJ6eRaUHXLjtVZwq4SNyclEGORtf+8nsCpzHhGjOklOc6iQ4yJDXFjIxLfqpIgvAQ9YlnKEcxUUE2PWAMj43Sg5GQpriGU/X3RoZipUZxaCZjpAdq3puI/3leqqPLIKM8STXhePZQlDKoBZykAXtUEqzZyBCEJTV/hXiAJMLaZFYyIbjzJy+S1lnVrVVrd+fl+nUeRxEcgiNQAS64AHVwCxqgCTAYg2fwCt6sJ+vFerc+ZqMFK9/ZB39gff4AaH6VBQ==</latexit>

= ln ⇢[⇡(x), f(x)]
<latexit sha1_base64="8L5sRYjExAL5HLf5gPecRNkZ2v8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqV6EohePFewHdJeSTbNtaDZZk2yxlP4OLx4U8eqP8ea/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3cVn57Z3dvv3Bw2NAyVYTWieRStUKsKWeC1g0znLYSRXEcctoMB7dTvzmkSjMpHswooUGMe4JFjGBjpeAa+VwgX/Vl6emsUyi6ZXcGtEy8jBQhQ61T+PK7kqQxFYZwrHXbcxMTjLEyjHA6yfuppgkmA9yjbUsFjqkOxrOjJ+jUKl0USWVLGDRTf0+Mcaz1KA5tZ4xNXy96U/E/r52a6CoYM5GkhgoyXxSlHBmJpgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZdI4L3uVcuX+oli9yeLIwTGcQAk8uIQq3EEN6kDgEZ7hFd6cofPivDsf89YVJ5s5gj9wPn8ASaKRKA==</latexit>

= ln ⇢(x)

<latexit sha1_base64="NqOkOUfuK/im8b04j9YZcOV+BkA=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAMQtgViV4CQS8eI5goZEOYne0kg7Ozy0yvGpZ8hBd/xYsHRbx68ObfOIkRfBU0FFXddHcFiRQGXffdmZqemZ2bzy3kF5eWV1YLa+tNE6eaQ4PHMtYXATMghYIGCpRwkWhgUSDhPLg8HvnnV6CNiNUZDhJoR6ynRFdwhlbqFHar/rUIAYUMIWsOOz72AdmOKVV9qaiv+/GXdFPqFIpu2R2D/iXehBTJBPVO4c0PY55GoJBLZkzLcxNsZ0yj4BKGeT81kDB+yXrQslSxCEw7Gz81pNtWCWk31rYU0rH6fSJjkTGDKLCdEcO++e2NxP+8Vordw3YmVJIiKP65qJtKijEdJURDoYGjHFjCuBb2Vsr7TDOONse8DcH7/fJf0twre5Vy5XS/WDuaxJEjm2SL7BCPHJAaOSF10iCc3JJ78kienDvnwXl2Xj5bp5zJzAb5Aef1A2xbnm0=</latexit>

= eV✓(s) = ln ⇢✓(x)
<latexit sha1_base64="mIpo/0Gu8UNG+mp4TeCrZ/upztA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpREpHoRil48VrAf0MSy2W7apZtN3N0oJfR/ePGgiFf/izf/jds2B219MPB4b4aZeX7MmdK2/W3llpZXVtfy64WNza3tneLuXlNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/vB64rceqVQsEnd6FFMvxH3BAkawNtL9pcsFcuUgKscnD8fdYsmu2FOgReJkpAQZ6t3il9uLSBJSoQnHSnUcO9ZeiqVmhNNxwU0UjTEZ4j7tGCpwSJWXTq8eoyOj9FAQSVNCo6n6eyLFoVKj0DedIdYDNe9NxP+8TqKDCy9lIk40FWS2KEg40hGaRIB6TFKi+cgQTCQztyIywBITbYIqmBCc+ZcXSfO04lQr1duzUu0qiyMPB3AIZXDgHGpwA3VoAAEJz/AKb9aT9WK9Wx+z1pyVzezDH1ifPybFkac=</latexit>

= ln ⇢(p, q)

HST= Heisenberg Scattering Transformation HJB = Hamilton-Jacobi-Bellman equation

funhouse 
Hall of Mirrors

Yad Vashem 
“The Children’s Memorial”

from the 1928 movie “The Circus” starring Charlie Chaplin 
“The Mirror Maze” scene

https://www.yadvashem.org/remembrance/commemorative-sites/children-memorial.html
https://youtu.be/G09dfRrUxUM


This new genAI creates a virtual Puppet Master that 
conducts a prosperous stable economic collective

powered by:
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Glinsky, to be submitted to Nature, 
arXiv:2401.04846 (2024)

The approach to genAI recognizes the economy is a collective of individuals, as such, there emerges a collective behavior or virtual individual that 
determines, that is controls, the collective behavior.  This control emanates from a simply beautiful symmetry  — the coordination of the economically 
interacting individuals creating an economic force, and the economic force then coordinating the economic trade of the individuals.  Another way of 
looking at this is that the actions of the virtual Puppet Master, who follows a geodesic motion, are approximated by genAI.  The genAI then generates and 
multiply reflects the actions of the Puppet Master through a Hall of Mirrors to obtain, that is forecast, the economic evolution of the collective.  This is 
demonstrated by “The Mirror Maze” scene from the 1928 Charlie Chaplin movie “The Circus”.  [link from the Puppet Master illustration]  

Given how the actions of the Puppet Master are multiply reflected through the Hall of Mirrors, the state of economic prosperity can be stabilized by the 
Ponderomotive Method of Control.  This method of control is similar to the way that a sheepdog herds sheep.  The sheepdog runs around the herd very 
fast, compared to movements of the herd, nipping at the heals of the sheep (vibrating them) if they wonder away from the mountain pass, that is the state 
of economic prosperity.  The sheepdog is effectively creating a small alpine valley at the mountain pass.  More details on the BNZ approach to genAI can 
be found in this YouTube video and the corresponding paper that is going to be submitted to Nature.  [link from the citation]

https://youtu.be/G09dfRrUxUM
https://www.youtube.com/live/2TCGsht9-DM?si=1J0dod6dmv0mqpMr


Mayer Cluster Expansion of collective systems or HST or 
Heisenberg’s S-matrix or m-Body Scattering Cross Sections

powered by:
8

<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)

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

�?

<latexit sha1_base64="nlWOZYyUHws6gnjewXXRxjZN72A=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoiUj0WvXisYGuhCWGz3bRLN5tldyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRUpwA6777ZTW1jc2t8rblZ3dvf1q7eCwa9JMU9ahqUh1LyKGCS5ZBzgI1lOakSQS7CEa38z8h0emDU/lPUwUCxIylDzmlICVwlrVV4aHuQq9qW+A6LBWdxvuHHiVeAWpowLtsPblD1KaJUwCFcSYvucqCHKigVPBphU/M0wROiZD1rdUkoSZIJ8fPsWnVhngONW2JOC5+nsiJ4kxkySynQmBkVn2ZuJ/Xj+D+CrIuVQZMEkXi+JMYEjxLAU84JpREBNLCNXc3orpiGhCwWZVsSF4yy+vku55w2s2mncX9dZ1EUcZHaMTdIY8dIla6Ba1UQdRlKFn9IrenCfnxXl3PhatJaeYOUJ/4Hz+ABPAk2E=</latexit>

 p1?
<latexit sha1_base64="NCgyb4wdb4rJjTRlEgMZgaZjxCg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy2m3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5HtzO//cS1EYl6wHHKg5gOlIgEo2ilRz8dCuIbpLpXrrhVdw6ySrycVCBHo1f+8vsJy2KukElqTNdzUwwmVKNgkk9LfmZ4StmIDnjXUkVjboLJ/OIpObNKn0SJtqWQzNXfExMaGzOOQ9sZUxyaZW8m/ud1M4yug4lQaYZcscWiKJMEEzJ7n/SF5gzl2BLKtLC3EjakmjK0IZVsCN7yy6ukdVH1atXa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwXP8ApvjnFenHfnY9FacPKZY/gD5/MHXSiQvA==</latexit>

�?

<latexit sha1_base64="hp3YgjL+IuF85wxktqKxFb5F7xY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEnMMePEY0ZhAsoTZyWwyZB7LzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHj0aFSqCW0RxZXuRNhQziRtWWY57SSaYhFx2o7GNzO//US1YUo+2ElCQ4GHksWMYOuke3Ex7pcrftWfA62SICcVyNHsl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/dYrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5vauB5mTCappZIsFsUpR1ah2d9owDQllk8cwUQzdysiI6wxsS6dkgshWH55lTxeVoNatXZ3VWnU8ziKcAKncA4BXEMDbqEJLSAwhGd4hTePey/eu/exaC14+cwx/IH3+QMHbI2e</latexit>

m� k<latexit sha1_base64="WElAj8YEy269BUtQmy7wzH4iP20=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI7bHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUnAxKZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pTrtTyOApzDBVyBB7dQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB0xWM8A==</latexit>

k
<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

(a generating functional or deep deconvolution)

https://arxiv.org/abs/2302.10243


Neural Network architecture to solve HJB for the 
generator of the canonical flow

powered by:
9

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

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

<latexit sha1_base64="6n6ch60h2W0I1kJVrIQwXQmNGSI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9Jze+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AEBPI2h</latexit>p0
<latexit sha1_base64="sp4sjIuSZ2REzH0YDixW9Z241+Y=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAiSJgVX8egF48RzAOSZZmdzCZDZnfHmVkhLPkNLx4U8erPePNvnCR70MSChqKqm+6uQAquDcbfztLyyuraemGjuLm1vbNb2ttv6iRVlDVoIhLVDohmgsesYbgRrC0VI1EgWCsY3k781hNTmifxgxlJ5kWkH/OQU2Ks1K37uCJ9fPro4xO/VMZVPAVaJG5OypCj7pe+ur2EphGLDRVE646LpfEyogyngo2L3VQzSeiQ9FnH0phETHvZ9OYxOrZKD4WJshUbNFV/T2Qk0noUBbYzImag572J+J/XSU147WU8lqlhMZ0tClOBTIImAaAeV4waMbKEUMXtrYgOiCLU2JiKNgR3/uVF0jyrupfVi/vzcu0mj6MAh3AEFXDhCmpwB3VoAAUJz/AKb07qvDjvzsesdcnJZw7gD5zPH/NakFc=</latexit>

P0(p0, q0)
<latexit sha1_base64="FhbZOR7TcrughUjrObwbDJ5OUVk=">AAAB73icbVDLSsNAFL2pr1pfVZduBotQNyWR+lgWRXAZwT6gDWEynbRDJ5M4MxFK6E+4caGIW3/HnX/jtM1CWw9cOJxzL/feEyScKW3b31ZhZXVtfaO4Wdra3tndK+8ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjG6mfvuJSsVi8aDHCfUiPBAsZARrI3Vufbfq+vapX67YNXsGtEycnFQgh+uXv3r9mKQRFZpwrFTXsRPtZVhqRjidlHqpogkmIzygXUMFjqjystm9E3RilD4KY2lKaDRTf09kOFJqHAWmM8J6qBa9qfif1011eOVlTCSppoLMF4UpRzpG0+dRn0lKNB8bgolk5lZEhlhiok1EJROCs/jyMmmd1ZyL2vl9vdK4zuMowhEcQxUcuIQG3IELTSDA4Rle4c16tF6sd+tj3lqw8plD+APr8wd89o74</latexit>

EP (P0)

<latexit sha1_base64="FK1jVd9Nib3iqIdm6YjCXNsMG4Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQBI9RzAOSJczOziZDZmeXmV4hhPyBFw+KePWPvPk3TpI9aLSgoajqprsrSKUw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZJpxhsskYluB9RwKRRvoEDJ26nmNA4kbwXD66nfeuTaiEQ94Cjlfkz7SkSCUbTSfXjTK1fcqjsD+Uu8nFQgR71X/uyGCctirpBJakzHc1P0x1SjYJJPSt3M8JSyIe3zjqWKxtz449mlE3JklZBEibalkMzUnxNjGhszigPbGVMcmEVvKv7ndTKMLv2xUGmGXLH5oiiTBBMyfZuEQnOGcmQJZVrYWwkbUE0Z2nBKNgRv8eW/pHlS9c6rZ3enldpVHkcRDuAQjsGDC6jBLdShAQwieIIXeHWGzrPz5rzPWwtOPrMPv+B8fANZFI1B</latexit>

dE

<latexit sha1_base64="UxttyAgi3j1CBRxjDkZ6/4VEplM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDabTbt0swm7E6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh7dRvPXFtRKoecJTxIKF9JWLBKFrJj7pI81615tbdGcgy8QpSgwLNXvWrG6UsT7hCJqkxHc/NMBhTjYJJPql0c8Mzyoa0zzuWKppwE4xnx07IiVUiEqfalkIyU39PjGlizCgJbWdCcWAWvan4n9fJMb4OxkJlOXLF5oviXBJMyfRzEgnNGcqRJZRpYW8lbEA1ZWjzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YCHiGV3hzlPPivDsf89aSU8wcwh84nz/id47A</latexit>

d⌧

<latexit sha1_base64="d4/06I5Yhu9STN7ijAypVw1tYmE=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Wom5qIr41QFMFlCvYBTQiT6aQdOnkwMxFKyGe48VfcuFDEbXf+jZM2oLYeGDhzzr135h4vZlRIw/jSSkvLK6tr5fXKxubW9o6+u9cWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90m/udR8IFjcIHOY6JE6BBSH2KkVSSq5/YUUAGyG1e2z5HOLVjxCVFDN65Vs1yjePsR1LXzNWrRt2YAi4SsyBVUMBy9Yndj3ASkFBihoTomUYsnTQfiRnJKnYiSIzwCA1IT9EQBUQ46XSxDB4ppQ/9iKsTSjhVf3ekKBBiHHiqMkByKOa9XPzP6yXSv3JSGsaJJCGePeQnDMoI5inBPuUESzZWBGFO1V8hHiIVkFRZVlQI5vzKi6R9Wjcv6ufNs2rjpoijDA7AIagBE1yCBrgHFmgBDJ7AC3gD79qz9qp9aJ+z0pJW9OyDP9Am38Y+n5o=</latexit>

!Q =
@EP (P0)

@P0

<latexit sha1_base64="5D3KvCzFub9/QhSeFrcgvXULAbI=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCIJREfG2EogguU7APaEKYTCbt0JlMmJkIJQQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPmFIilW1/G6WFxaXllfJqZW19Y3PL3N5pSZ4JhJuIUy46IZSYkgQ3FVEUd1KBIQspboeDm5HffsBCEp7cq2GKfQZ7CYkJgkpLgbnnXnmxgCiPbovc4wz3YNAojt3ADsyqXbPHsOaJMyVVMIUbmF9exFHGcKIQhVJ2HTtVfg6FIojiouJlEqcQDWAPdzVNIMPSz8cvFNahViIr5kJXoqyx+nsih0zKIQt1J4OqL2e9kfif181UfOnnJEkzhRM0WRRn1FLcGuVhRURgpOhQE4gE0bdaqA91IkqnVtEhOLMvz5PWSc05r501Tqv162kcZbAPDsARcMAFqIM74IImQOARPINX8GY8GS/Gu/ExaS0Z05ld8AfG5w+XcZbs</latexit>

P =
dE

!Q
+ P0

<latexit sha1_base64="aw0mYisTXhj0kUEXwrXuKJKWzjw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSmJ+NoIRTcuG7APaEKYTCbt0MkkzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeIGVUKsv6NkoLi0vLK+XVytr6xuaWub3TkkkmMGnihCWiEyBJGOWkqahipJMKguKAkXYwuB377QciJE34vRqmxItRj9OIYqS05Jt7zrWbxKSHfAe6JzB0FcrgMXR8yzerVs2aAM4TuyBVUKDhm19umOAsJlxhhqTs2laqvBwJRTEjo4qbSZIiPEA90tWUo5hIL5+8MIKHWglhlAhdXMGJ+nsiR7GUwzjQnTFSfTnrjcX/vG6moisvpzzNFOF4uijKGFQJHOcBQyoIVmyoCcKC6lsh7iOBsNKpVXQI9uzL86R1WrMvaufOWbV+U8RRBvvgABwBG1yCOrgDDdAEGDyCZ/AK3own48V4Nz6mrSWjmNkFf2B8/gBHJZVv</latexit>

Q = !Q d⌧ +Q0

<latexit sha1_base64="6ZzqiRT/KOC4wpBuWo8QM2duMZE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXhMwDwgWcLsZDYZMzuzzMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDf1W09UaSbFgxnH1I/wQLCQEWys1IzLtbP6aa9YcivuDGiZeBkpQYZar/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDGT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpnle8q8pl/aJUvc3iyMMRHEMZPLiGKtxDDRpA4BGe4RXeHOm8OO/Ox7w152Qzh/AHzucPS++OTg==</latexit>

p(P,Q)

<latexit sha1_base64="+gJ/DZRZLDibG66I4weTHNKlPgQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXhMwDwgWcLsZDYZMzuzzswKYck/ePGgiFf/x5t/4yTZg0YLGoqqbrq7gpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rUeqNJPizoxj6kd4IFjICDZWaj6Uayf1416x5FbcGdBf4mWkBBlqveJnty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dXTtBR1bpo1AqW8KgmfpzIsWR1uMosJ0RNkO96E3F/7xOYsIrP2UiTgwVZL4oTDgyEk1fR32mKDF8bAkmitlbERlihYmxARVsCN7iy39J87TiXVTO62el6nUWRx4O4BDK4MElVOEWatAAAvfwBC/w6kjn2Xlz3uetOSeb2YdfcD6+AU14jk8=</latexit>

q(P,Q)

MLP

MLP

MLPMLP

propagator

decoder

encoder

<latexit sha1_base64="PoctnnnGt0q4QpIykIETp2yEcTE=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyURqYKbohuXFewD2lAm00k7dDKJMxOhhn6JGxeKuPVT3Pk3TtostPXAwOGce7lnjh9zprTjfFsrq2vrG5uFreL2zu5eyd4/aKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99kfvuRSsUica8nMfVCPBQsYARrI/XtUi/EeuQHabvSuHo4nfbtslN1ZkDLxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip9NiL1E0xmSMh7RrqMAhVV46Cz5FJ0YZoCCS5gmNZurvjRSHSk1C30xmMdWil4n/ed1EB5deykScaCrI/FCQcKQjlLWABkxSovnEEEwkM1kRGWGJiTZdFU0J7uKXl0nrrOrWqrW783L9Oq+jAEdwDBVw4QLqcAsNaAKBBJ7hFd6sJ+vFerc+5qMrVr5zCH9gff4ADhGStg==</latexit>

W(P;q)

<latexit sha1_base64="uJBKPOuM66Xc0P1MBuoyc3ky2uA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoiUgUvRS8eI9gPbEPYbDft0s0m7m6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHQz9dtPVCoWi3s9TqgX4YFgISNYG+mhXXV9++rRt0/9csWu2TOgZeLkpAI5XL/81evHJI2o0IRjpbqOnWgvw1Izwumk1EsVTTAZ4QHtGipwRJWXzS6eoBOj9FEYS1NCo5n6eyLDkVLjKDCdEdZDtehNxf+8bqrDSy9jIkk1FWS+KEw50jGavo/6TFKi+dgQTCQztyIyxBITbUIqmRCcxZeXSeus5tRr9bvzSuM6j6MIR3AMVXDgAhpwCy40gYCAZ3iFN0tZL9a79TFvLVj5zCH8gfX5A7tgj6s=</latexit>

W (P0; q0)

<latexit sha1_base64="pVbHscuGYYI+hoYJqU3DAMhYi1k=">AAACIHicbVDLSgMxFM3UV62vqks3wSLUTZkRaQUpFN24rGAf0BmGTJppQzMzMckIZZhPceOvuHGhiO70a8y0xUfrgcDJOffe5B6PMyqVaX4YuaXlldW1/HphY3Nre6e4u9eWUSwwaeGIRaLrIUkYDUlLUcVIlwuCAo+Rjje6zPzOHRGSRuGNGnPiBGgQUp9ipLTkFmu8bvsC4cTmSCiKGOyUm655fuuax+mPqK9p3eb023OLJbNiTgAXiTUjJTBD0y2+2/0IxwEJFWZIyp5lcuUk2XzMSFqwY0k4wiM0ID1NQxQQ6SSTBVN4pJU+9COhT6jgRP3dkaBAynHg6coAqaGc9zLxP68XK//MSWjIY0VCPH3IjxlUEczSgn0qCFZsrAnCguq/QjxEOi+lMy3oEKz5lRdJ+6RiVSvV69NS42IWRx4cgENQBhaogQa4Ak3QAhjcg0fwDF6MB+PJeDXepqU5Y9azD/7A+PwCczqh4g==</latexit>

p =
@W (P0; q0)

@q0
= ⇡(P0; q0)

<latexit sha1_base64="Ysx2LiFQm3M11bYyLYu4r9kCYFI=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCBSkZkSqIUHTjsgV7gc4wZNJMG5q5mGSEMvQl3Pgqblwo4lZw59uYaQfU1h8CP985J8n5vZgzqRD6MhYWl5ZXVgtrxfWNza1tc2e3JaNEENokEY9Ex8OSchbSpmKK004sKA48Ttve8Dqrt++pkCwKb9Uopk6A+yHzGcFKI9c8brjo0vYFJqkdY6EY5rBdrrvo4s5FR+MfqNHYNUuogiaC88bKTQnkqrvmp92LSBLQUBGOpexaKFZOml1JOB0X7UTSGJMh7tOutiEOqHTSyVZjeKhJD/qR0CdUcEJ/T6Q4kHIUeLozwGogZ2sZ/K/WTZR/7qQsjBNFQzJ9yE84VBHMIoI9JihRfKQNJoLpv0IywDoipYMs6hCs2ZXnTeukYlUr1cZpqXaVx1EA++AAlIEFzkAN3IA6aAICHsATeAGvxqPxbLwZ79PWBSOf2QN/ZHx8A6kaneY=</latexit>

Q0 =
@W (P0; q0)

@P0

<latexit sha1_base64="d2pOGnRpNQpceygL0ECLraIA2f8=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyURqYKbohuXLdgHtKFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPHD/mTGnH+bbW1jc2t7YLO8Xdvf2Dkn141FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7nL/M4jlYpF4kFPY+qFeCRYwAjWRhrYpX6I9dgP0k4lvmmezwZ22ak6c6BV4uakDDkaA/urP4xIElKhCcdK9Vwn1l6KpWaE01mxnygaYzLBI9ozVOCQKi+dB5+hM6MMURBJ84RGc/X3RopDpaahbyazmGrZy8T/vF6ig2svZSJONBVkcShIONIRylpAQyYp0XxqCCaSmayIjLHERJuuiqYEd/nLq6R9UXVr1Vrzsly/zesowAmcQgVcuII63EMDWkAggWd4hTfryXqx3q2Pxeiale8cwx9Ynz8OUZK2</latexit>

W(p;Q)
<latexit sha1_base64="LhtaW4TP7T92evej5jeXdt6XF7U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxov2AdinZNNvGZpM1yQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rSeqNJPi3oxj6kd4IFjICDZWat716uXH016x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGlnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPKt41Ur19rxUu8riyMMRHEMZPLiAGtxAHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPnnyOhQ==</latexit>

SP (q)

(a generating function or decoder)

MLP = Multi Layer Perceptron = piece-wise linear universal function approximator <latexit sha1_base64="EbSPZHjf1yZght2qwq9MclnXi1I=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXJOYYkIDHCOYBSQizk04yZHZ2nekNhiVe/BUvHhTx6l9482+cPA6aWNBQVHXT3eVHUhh03W9nZXVtfWMztZXe3tnd288cHFZNGGsOFR7KUNd9ZkAKBRUUKKEeaWCBL6HmD64nfm0I2ohQ3eEoglbAekp0BWdopXbmuNQu0ybcx2JImwgPmJQU6N5o3M5k3Zw7BV0m3pxkyRzlduar2Ql5HIBCLpkxDc+NsJUwjYJLGKebsYGI8QHrQcNSxQIwrWT6wZieWaVDu6G2pZBO1d8TCQuMGQW+7QwY9s2iNxH/8xoxdgutRKgoRlB8tqgbS4ohncRBO0IDRzmyhHEt7K2U95lmHG1oaRuCt/jyMqle5Lx8Ln97mS0W5nGkyAk5JefEI1ekSG5ImVQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gBgfJbZ</latexit>

EP ⌘ Energy
<latexit sha1_base64="fqSPwm7D7aH2/mq4aCL1IgSBrwM=">AAACDXicbVC7SgNBFJ31GeMramkzGIXYhF2RGBAhYGO5onlAdllmJzfJkNlHZmaDYckP2PgrNhaK2Nrb+TdOHoUmHhg4nHMud+7xY86kMs1vY2l5ZXVtPbOR3dza3tnN7e3XZJQIClUa8Ug0fCKBsxCqiikOjVgACXwOdb93PfbrAxCSReG9GsbgBqQTsjajRGnJyx3XC/Zl/xRf4TvPLmjiQD9hA+woeFApoePUyMvlzaI5AV4k1ozk0Qy2l/tyWhFNAggV5UTKpmXGyk2JUIxyGGWdREJMaI90oKlpSAKQbjq5ZoRPtNLC7UjoFyo8UX9PpCSQchj4OhkQ1ZXz3lj8z2smql12UxbGiYKQThe1E45VhMfV4BYTQBUfakKoYPqvmHaJ0CXoArO6BGv+5EVSOytapWLp9jxfKc/qyKBDdIQKyEIXqIJukI2qiKJH9Ixe0ZvxZLwY78bHNLpkzGYO0B8Ynz8L4ZpW</latexit>

W (P ; q) = SP (q) ⌘ action

https://arxiv.org/abs/2310.04986


An example of a physical system
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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 (DP)

guiding center atom (GCA)

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


Phase space evolutions
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DP

GCA
thermal force

thermal equilibrium

thermal force (external)

recession

(valley)

prosperity

(mountain pass)

depression

(black hole)



Ponderomotive stabilization of saddle point
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stimulation stabilization 

ponderomotive

stabilization


(alpine valley)

market

crash

stabilize

stimulation

over

stimulation

The ponderomotive method of control is similar to the 
way that a sheepdog herds sheep.  It runs around the 
herd very fast, compared to movements of the herd, 
nipping at the heals of the sheep (vibrating them) if 

they wonder away from the metastable equilibrium of 
economic prosperity.  The sheepdog is effectively 

creating a small alpine valley at the mountain pass.  
Practically, this is a high frequency arbitrage trading of 

the transactional equity that provides liquidity.

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


Methods of collective system control
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Jimmy Carter tries to shepherd the new free 
society emerging from the 1960’s (The Great 

Society), which wanders out of control

The dystopian response is Lewis Powell and the 
cabal locking up society

Because of transactional equity and AI, we are at 
the dawn of a new era of sustainable economic 
prosperity, in an alpine valley shepherded by AI

images generated by OpenAI’s DALL-E



Matrix of economic collective systems based on the 
objective and distribution of control
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unstable 
USSR, China, 

Cuba, North Korea

stable 
Finland, Sweden, 
Norway, Denmark, 

Switzerland, Germany, France, 
Portugal, Australia, Canada, 
and indigenous cultures of 

Africa, Americas and Australia

stable 
Hitler’s Third Reich, Putin’s 

Russia, Trump’s USA, 
Erdoğan’s Turkey, Orbán’s 

Hungary, Netanyahu’s Israel, 
Western Civilization

unstable 
USA, Israel, 

Hungary, Turkey, 
Russia

socialism

capitalism

autocratic 
(single economic 

commune, 
monopoly)

democratic 
(web of economic 
communes, free-

market)

revenue maximizing 
(genAI forecasting and control)

profit maximizing 
(resistive forecasting and control)

artificial viscosity (interest) 
(for control, constrains system, 
degrades revenue/performance)



Economic collective systems
• Democratic Socialism is stable with high performance, and are the happiest countries in the world


✦ American West (1830-1860) was developed using multiple paper currencies

‣ led by Wells Fargo Bank (founded 1852)

‣ 2x decrease in prices due to increased productivity (deflation)

‣ 100x increase in GDP


✦ REI Co-op

‣ 90 years old, premier US retailer of camping gear

‣ $4 billion/yr in revenue, 15,000 employees


✦ distribution of wealth, power, and control to customize guidance (that is sharing, leading to free-market and democracy)


• Autocratic Capitalism is stable with poor performance


• Autocratic Socialism is unstable with very poor performance


• Democratic Capitalism is unstable with modest performance

✦ Capitalism & Freedom of Milton Friedman and the “UChicago” School

✦ firms have short lifetimes (average of 15 years)


‣ diffusive model does not capture disruptions, force of profit prevents transition through market disruptions

‣ the resistivity of 6.7% interest constrains and grinds the business to a halt in 15 years (self-fulfilling prophesy)


✦ concentration of wealth, power, and control to monopolize guidance (that is greed, leading to monopoly and autocracy)

powered by:
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http://www.rei.com
http://www.wellsfargo.com


• “better to share, than be greedy”, Ubuntu way of mutuality, that is “interconnectedness” 
✦ share toys by putting them in a community toy chest, more toys from which to choose

✦ community software chest is Github

✦ community capital chest is Martin Luther’s Community Chest of the Protestant Reformation

✦ electronic transaction equity version of community capital chest is Ubuntu Financing


• sharing business model, or Ubuntu business model:

✦ sustainable revenue maximizing

✦ business cycle (2-6 year) of savings and inventory (both input and output)

✦ forecast using genAI models

✦ Ubuntu (print/invest) Finance with transparency

✦ stakeholders (employees, suppliers and customers) are stockholders (owners)

✦ socially responsible (respect the dignity of employees, suppliers and customers)


• greedy business model, or conventional debt based business model:

✦ short term profit maximizing

✦ transaction cycle (15 days or Just-In-Time) of savings and inventory

✦ forecast using diffusive model (i.e., Discounted Cash Flow or Black-Scholes Equation)

✦ debt finance (borrow/loan) with secrecy

✦ stockholders are not stakeholders

✦ exploit society (the is, employees, suppliers, customers, and intellectual property)


• Ubuntu business model creates an economic superconductor free of resistance, that is debt


• Ubuntu business model has demonstrated exceptional performance, 10x value, 100x investment

Ubuntu versus greed
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“Ubuntu versus greed” by OpenAi’s DALL-E

https://youtu.be/HED4h00xPPA
https://en.wikipedia.org/wiki/Ubuntu_philosophy
https://youtu.be/HED4h00xPPA
https://en.wikipedia.org/wiki/Ubuntu_philosophy


The consequences of greed
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A pile of money is not entitled to homage or periodic indulgence, that is 
additional money being added to the pile.  A vendor is not entitled to 

multiples of what they have invested or will invest in a good or service, in 
compensation for that good or service. 

Generative Artificial Intelligence (genAI) is about better forecasting and 
control of collective systems, leading to better decisions, and ultimately 

social (including economic) good — enlightenment, not entitlement. 

Indulgence or usury leads to resistive control like going full gas on a 
motorcycle, then braking to control the speed.  It is effective control 

but wasteful of energy and leads to much less performance. 

For an economic collective, this effectively stabilizes and controls 
the economic collective, but constrains the economic collective 

from reaching the maximum level of sustainable economic activity, 
and robs it of revenue needed for sustenance and growth.



Conclusions

• new unified economic theory is stable 
Democratic Socialism, that is African 
Ubuntu philosophy, which:


✦ relaxes the capitalistic diffusive 
approximation made for control so that 
there is coordinated, yet distributed, 
monetary and fiscal policy made to 
maximize GDP, not DCF


✦ replaces viscous forecasting and control 
with genAI forecasting and control


• replaces stable Autocratic Capitalism, that is 
fascist philosophy, which has:


✦ uncoordinated viscosity-based centralized 
Monetarism (for monetary policy) and 
Keynesianism (for fiscal policy)
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to

Autocratic Capitalism Democratic Socialism

fascism Ubuntu

https://en.wikipedia.org/wiki/Ubuntu_philosophy
https://en.wikipedia.org/wiki/Ubuntu_philosophy
https://youtu.be/HED4h00xPPA

