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St =
fL

U
<latexit sha1_base64="TFgd72fRAqJHjTEDVGWLOH5L+xc="></latexit><latexit sha1_base64="/VwNO5y5F2WvW+T/CZ0OHRsPmtQ="></latexit><latexit sha1_base64="/VwNO5y5F2WvW+T/CZ0OHRsPmtQ="></latexit><latexit sha1_base64="/VwNO5y5F2WvW+T/CZ0OHRsPmtQ="></latexit><latexit sha1_base64="/VwNO5y5F2WvW+T/CZ0OHRsPmtQ="></latexit><latexit sha1_base64="/VwNO5y5F2WvW+T/CZ0OHRsPmtQ="></latexit>

Ma =
v

vs
<latexit sha1_base64="HcSMo/rujquGZKZOpPLPiKb99U8="></latexit><latexit sha1_base64="EVeDOglczgJ3hRl0AXnIb/IxVSc="></latexit><latexit sha1_base64="EVeDOglczgJ3hRl0AXnIb/IxVSc="></latexit><latexit sha1_base64="EVeDOglczgJ3hRl0AXnIb/IxVSc="></latexit><latexit sha1_base64="EVeDOglczgJ3hRl0AXnIb/IxVSc="></latexit><latexit sha1_base64="EVeDOglczgJ3hRl0AXnIb/IxVSc="></latexit>

Re =
⇢vD

µ
<latexit sha1_base64="/qsvC584I+lfA9sztn522Vc4eOA="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit>

Pr =
cpµ

k
<latexit sha1_base64="wu8bTFpKgSCOmZGg2wOYweaeNC4="></latexit><latexit sha1_base64="oX47od9EZ7bt/Z/zIWJaTWo/zFs="></latexit><latexit sha1_base64="oX47od9EZ7bt/Z/zIWJaTWo/zFs="></latexit><latexit sha1_base64="oX47od9EZ7bt/Z/zIWJaTWo/zFs="></latexit><latexit sha1_base64="oX47od9EZ7bt/Z/zIWJaTWo/zFs="></latexit><latexit sha1_base64="oX47od9EZ7bt/Z/zIWJaTWo/zFs="></latexit>

Dimensionless 
Numbers

...
<latexit sha1_base64="SfmE0iAvG65VOmgPSriKiO86oaA=">AAACBnicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsA9oh5LJpG1sJhmSTKEM3bt0qx/hTtz6G36DP2HaDmKLBy5czjmXe+/xI0aVdpwvK7O1vbO7l93PHRweHZ/kT8/aSsQSkxYWTMiujxRhlJOWppqRbiQJCn1GOv7kZqF3pkQqKviDnkXEC9GI0yHFSBuq3Z8GQqtBvuDY9Vq5XCxD13aWgIYxqFR+mQJI0Rzkv/uBwHFIuMYMKdVznUh7CZKaYkbmuX6sSITwBI1Iz7QchUR5yfLaObwyTACHQpriGi7ZvxMJCpWahb5xhkiP1aa2IP/TerEe1ryE8ijWhOPVomHMoBZw8ToMqCRYs5lpEJbU3ArxGEmEtQlofQsbCWMYh0XzjElnI5RqKW3q7m867aLtOrZ7Xyo0btOcsuACXIJr4IIqaIA70AQtgMEjeAYv4NV6st6sd+tjZc1Y6cw5WIP1+QNRBZpd</latexit><latexit sha1_base64="Mo6D64FxcXZoRfq9p551yAYgDa8=">AAACK3icjVDLSgMxFM3UV62vqks3wSK4GmaKfe0KunCpYB/QDiWTSdvYTDIkmUIZ+g9u/Qi/wY9wpbh15U+YtkOxxYUHAodzzuXmHj9iVGnHebcyG5tb2zvZ3dze/sHhUf74pKlELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6Tlj65nfmtMpKKCP+hJRLwQDTjtU4y0kZrdcSC06uULjl2rlkrFEnRtZw5oFINyeakUQIr/xXv5724gcBwSrjFDSnVcJ9JegqSmmJFprhsrEiE8QgPSMZSjkCgvmZ80hRdGCWBfSPO4hnP190SCQqUmoW+SIdJDte7NxL+8Tqz7VS+hPIo14XixqB8zqAWc9QMDKgnWbGIIwpKav0I8RBJhbVpc3cIGwgSGYdEcYzpZq6JylZKau+ykWbRdx3bvrwr1m7TMLDgD5+ASuKAC6uAW3IEGwOARPIFn8Gq9WG/Wh/W5iGasdOYUrMD6+gEzQaIp</latexit><latexit sha1_base64="Mo6D64FxcXZoRfq9p551yAYgDa8=">AAACK3icjVDLSgMxFM3UV62vqks3wSK4GmaKfe0KunCpYB/QDiWTSdvYTDIkmUIZ+g9u/Qi/wY9wpbh15U+YtkOxxYUHAodzzuXmHj9iVGnHebcyG5tb2zvZ3dze/sHhUf74pKlELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6Tlj65nfmtMpKKCP+hJRLwQDTjtU4y0kZrdcSC06uULjl2rlkrFEnRtZw5oFINyeakUQIr/xXv5724gcBwSrjFDSnVcJ9JegqSmmJFprhsrEiE8QgPSMZSjkCgvmZ80hRdGCWBfSPO4hnP190SCQqUmoW+SIdJDte7NxL+8Tqz7VS+hPIo14XixqB8zqAWc9QMDKgnWbGIIwpKav0I8RBJhbVpc3cIGwgSGYdEcYzpZq6JylZKau+ykWbRdx3bvrwr1m7TMLDgD5+ASuKAC6uAW3IEGwOARPIFn8Gq9WG/Wh/W5iGasdOYUrMD6+gEzQaIp</latexit><latexit sha1_base64="Mo6D64FxcXZoRfq9p551yAYgDa8=">AAACK3icjVDLSgMxFM3UV62vqks3wSK4GmaKfe0KunCpYB/QDiWTSdvYTDIkmUIZ+g9u/Qi/wY9wpbh15U+YtkOxxYUHAodzzuXmHj9iVGnHebcyG5tb2zvZ3dze/sHhUf74pKlELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6Tlj65nfmtMpKKCP+hJRLwQDTjtU4y0kZrdcSC06uULjl2rlkrFEnRtZw5oFINyeakUQIr/xXv5724gcBwSrjFDSnVcJ9JegqSmmJFprhsrEiE8QgPSMZSjkCgvmZ80hRdGCWBfSPO4hnP190SCQqUmoW+SIdJDte7NxL+8Tqz7VS+hPIo14XixqB8zqAWc9QMDKgnWbGIIwpKav0I8RBJhbVpc3cIGwgSGYdEcYzpZq6JylZKau+ykWbRdx3bvrwr1m7TMLDgD5+ASuKAC6uAW3IEGwOARPIFn8Gq9WG/Wh/W5iGasdOYUrMD6+gEzQaIp</latexit><latexit sha1_base64="Mo6D64FxcXZoRfq9p551yAYgDa8=">AAACK3icjVDLSgMxFM3UV62vqks3wSK4GmaKfe0KunCpYB/QDiWTSdvYTDIkmUIZ+g9u/Qi/wY9wpbh15U+YtkOxxYUHAodzzuXmHj9iVGnHebcyG5tb2zvZ3dze/sHhUf74pKlELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6Tlj65nfmtMpKKCP+hJRLwQDTjtU4y0kZrdcSC06uULjl2rlkrFEnRtZw5oFINyeakUQIr/xXv5724gcBwSrjFDSnVcJ9JegqSmmJFprhsrEiE8QgPSMZSjkCgvmZ80hRdGCWBfSPO4hnP190SCQqUmoW+SIdJDte7NxL+8Tqz7VS+hPIo14XixqB8zqAWc9QMDKgnWbGIIwpKav0I8RBJhbVpc3cIGwgSGYdEcYzpZq6JylZKau+ykWbRdx3bvrwr1m7TMLDgD5+ASuKAC6uAW3IEGwOARPIFn8Gq9WG/Wh/W5iGasdOYUrMD6+gEzQaIp</latexit><latexit sha1_base64="Mo6D64FxcXZoRfq9p551yAYgDa8=">AAACK3icjVDLSgMxFM3UV62vqks3wSK4GmaKfe0KunCpYB/QDiWTSdvYTDIkmUIZ+g9u/Qi/wY9wpbh15U+YtkOxxYUHAodzzuXmHj9iVGnHebcyG5tb2zvZ3dze/sHhUf74pKlELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6Tlj65nfmtMpKKCP+hJRLwQDTjtU4y0kZrdcSC06uULjl2rlkrFEnRtZw5oFINyeakUQIr/xXv5724gcBwSrjFDSnVcJ9JegqSmmJFprhsrEiE8QgPSMZSjkCgvmZ80hRdGCWBfSPO4hnP190SCQqUmoW+SIdJDte7NxL+8Tqz7VS+hPIo14XixqB8zqAWc9QMDKgnWbGIIwpKav0I8RBJhbVpc3cIGwgSGYdEcYzpZq6JylZKau+ykWbRdx3bvrwr1m7TMLDgD5+ASuKAC6uAW3IEGwOARPIFn8Gq9WG/Wh/W5iGasdOYUrMD6+gEzQaIp</latexit>

<latexit sha1_base64="h/GMJZw9sFFh+5WswcN/UqgndqM=">AAAB+nicdVDJSgNBEO1xN24TPXppDIKnYUZjNAdB9OIxilkgGUJPp6JNeha6a9Qw5lO8eFDEq1/izb+xswgq+qDg8V4VVfWCRAqNrvthTU3PzM7NLyzmlpZXVtfs/HpNx6niUOWxjFUjYBqkiKCKAiU0EgUsDCTUg97p0K/fgNIiji6xn4AfsqtIdAVnaKS2nW8h3GF2AQN6RD3XoG0XXKd8uF8uHtAhKXl7u3SsuB71HHeEApmg0rbfW52YpyFEyCXTuum5CfoZUyi4hEGulWpIGO+xK2gaGrEQtJ+NTh/QbaN0aDdWpiKkI/X7RMZCrfthYDpDhtf6tzcU//KaKXYP/UxESYoQ8fGibiopxnSYA+0IBRxl3xDGlTC3Un7NFONo0sqZEL4+pf+T2q7jlZziebFwfDKJY4Fski2yQzxyQI7JGamQKuHkljyQJ/Js3VuP1ov1Om6dsiYzG+QHrLdPtROTAw==</latexit>

Re = 10000

<latexit sha1_base64="Txy12f5FBm7ffX1u17+dyIEfJJw=">AAAB+HicdVDJSgNBEO2JW4xLoh69NAbBU5iJMcst6MVjFLNAEkJPp5I06VnorhHjkC/x4kERr36KN//GziKo6IOCx3tVVNVzQyk02vaHlVhZXVvfSG6mtrZ3dtOZvf2GDiLFoc4DGaiWyzRI4UMdBUpohQqY50pouuOLmd+8BaVF4N/gJISux4a+GAjO0Ei9TLqDcIfxNUxpR0rq9DJZO1cpn1UKJTojRec0TxeK7VAnZ8+RJUvUepn3Tj/gkQc+csm0bjt2iN2YKRRcwjTViTSEjI/ZENqG+swD3Y3nh0/psVH6dBAoUz7Sufp9Imae1hPPNZ0ew5H+7c3Ev7x2hINyNxZ+GCH4fLFoEEmKAZ2lQPtCAUc5MYRxJcytlI+YYhxNVikTwten9H/SyOecYq5wVchWz5dxJMkhOSInxCElUiWXpEbqhJOIPJAn8mzdW4/Wi/W6aE1Yy5kD8gPW2ye2CZMm</latexit>

Re ⌧ 1

Navier-Stokes Equation
<latexit sha1_base64="p2VaANZ4jpPvynpVtTuKshEq8lE="></latexit>
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My Microscopic World

https://youtu.be/nF4SUQU_7cU

National Geographic

https://youtu.be/RtUQ_pz5wlo

Re =
⇢vD

µ
<latexit sha1_base64="/qsvC584I+lfA9sztn522Vc4eOA="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit><latexit sha1_base64="joUCRMVz7rV2vUsfxo3ijzM9/XM="></latexit>

M/L3
<latexit sha1_base64="rY0pWWPR0fRPio4cIc34FLeknBU=">AAACFXicdVDLSgMxFM3UV62v0S7dBIvgqs5US+uuoAsXChXsA9paMmnahmYeJHfEYZjvcOlWP8KduHXtN/gTpg+KFT0QOJxzLvfmOIHgCizr00gtLa+srqXXMxubW9s75u5eXfmhpKxGfeHLpkMUE9xjNeAgWDOQjLiOYA1ndD72G/dMKu57txAFrOOSgcf7nBLQUtfMtoE9QHydHE/JVXJ30jVzVv6sXCwWLGznrQmwVjRKxbmSQzNUu+ZXu+fT0GUeUEGUatlWAJ2YSOBUsCTTDhULCB2RAWtp6hGXqU48OT7Bh1rp4b4v9fMAT9SfEzFxlYpcRyddAkP12xuLf3mtEPrlTsy9IATm0emifigw+HjcBO5xySiISBNCJde3YjokklDQfS1uEQNfB4ZuQX9GtzMv5X9SL+RtK2/fnOYqF7Oe0mgfHaAjZKMSqqBLVEU1RFGEntAzejEejVfjzXifRlPGbCaLFmB8fAPQh5+v</latexit><latexit sha1_base64="rY0pWWPR0fRPio4cIc34FLeknBU=">AAACFXicdVDLSgMxFM3UV62v0S7dBIvgqs5US+uuoAsXChXsA9paMmnahmYeJHfEYZjvcOlWP8KduHXtN/gTpg+KFT0QOJxzLvfmOIHgCizr00gtLa+srqXXMxubW9s75u5eXfmhpKxGfeHLpkMUE9xjNeAgWDOQjLiOYA1ndD72G/dMKu57txAFrOOSgcf7nBLQUtfMtoE9QHydHE/JVXJ30jVzVv6sXCwWLGznrQmwVjRKxbmSQzNUu+ZXu+fT0GUeUEGUatlWAJ2YSOBUsCTTDhULCB2RAWtp6hGXqU48OT7Bh1rp4b4v9fMAT9SfEzFxlYpcRyddAkP12xuLf3mtEPrlTsy9IATm0emifigw+HjcBO5xySiISBNCJde3YjokklDQfS1uEQNfB4ZuQX9GtzMv5X9SL+RtK2/fnOYqF7Oe0mgfHaAjZKMSqqBLVEU1RFGEntAzejEejVfjzXifRlPGbCaLFmB8fAPQh5+v</latexit><latexit sha1_base64="rY0pWWPR0fRPio4cIc34FLeknBU=">AAACFXicdVDLSgMxFM3UV62v0S7dBIvgqs5US+uuoAsXChXsA9paMmnahmYeJHfEYZjvcOlWP8KduHXtN/gTpg+KFT0QOJxzLvfmOIHgCizr00gtLa+srqXXMxubW9s75u5eXfmhpKxGfeHLpkMUE9xjNeAgWDOQjLiOYA1ndD72G/dMKu57txAFrOOSgcf7nBLQUtfMtoE9QHydHE/JVXJ30jVzVv6sXCwWLGznrQmwVjRKxbmSQzNUu+ZXu+fT0GUeUEGUatlWAJ2YSOBUsCTTDhULCB2RAWtp6hGXqU48OT7Bh1rp4b4v9fMAT9SfEzFxlYpcRyddAkP12xuLf3mtEPrlTsy9IATm0emifigw+HjcBO5xySiISBNCJde3YjokklDQfS1uEQNfB4ZuQX9GtzMv5X9SL+RtK2/fnOYqF7Oe0mgfHaAjZKMSqqBLVEU1RFGEntAzejEejVfjzXifRlPGbCaLFmB8fAPQh5+v</latexit><latexit sha1_base64="rY0pWWPR0fRPio4cIc34FLeknBU=">AAACFXicdVDLSgMxFM3UV62v0S7dBIvgqs5US+uuoAsXChXsA9paMmnahmYeJHfEYZjvcOlWP8KduHXtN/gTpg+KFT0QOJxzLvfmOIHgCizr00gtLa+srqXXMxubW9s75u5eXfmhpKxGfeHLpkMUE9xjNeAgWDOQjLiOYA1ndD72G/dMKu57txAFrOOSgcf7nBLQUtfMtoE9QHydHE/JVXJ30jVzVv6sXCwWLGznrQmwVjRKxbmSQzNUu+ZXu+fT0GUeUEGUatlWAJ2YSOBUsCTTDhULCB2RAWtp6hGXqU48OT7Bh1rp4b4v9fMAT9SfEzFxlYpcRyddAkP12xuLf3mtEPrlTsy9IATm0emifigw+HjcBO5xySiISBNCJde3YjokklDQfS1uEQNfB4ZuQX9GtzMv5X9SL+RtK2/fnOYqF7Oe0mgfHaAjZKMSqqBLVEU1RFGEntAzejEejVfjzXifRlPGbCaLFmB8fAPQh5+v</latexit>

L/T
<latexit sha1_base64="a0T9jZmeYDD3hhe3NUwG1mrb66k=">AAACE3icdVDLSgMxFM3UV62vqS7dBIvgapwpltZdQRcuXFToC9qhZNK0Dc08SO6oZZjPcOlWP8KduPUD/AZ/wvSBWNEDgcM553JvjhcJrsC2P4zMyura+kZ2M7e1vbO7Z+b3myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt544up37plUvEwqMMkYq5PhgEfcEpASz0z3wV2D8l1ejon9bRnFmzrvFIqFW3sWPYMWCsa5dK3UkAL1HrmZ7cf0thnAVBBlOo4dgRuQiRwKlia68aKRYSOyZB1NA2Iz5SbzE5P8bFW+ngQSv0CwDP150RCfKUmvqeTPoGR+u1Nxb+8TgyDipvwIIqBBXS+aBALDCGe9oD7XDIKYqIJoZLrWzEdEUko6LaWt4hhqAMjv6g/o9v5LuV/0ixajm05N2eF6uWipyw6REfoBDmojKroCtVQA1F0hx7RE3o2HowX49V4m0czxmLmAC3BeP8CmQifEQ==</latexit><latexit sha1_base64="a0T9jZmeYDD3hhe3NUwG1mrb66k=">AAACE3icdVDLSgMxFM3UV62vqS7dBIvgapwpltZdQRcuXFToC9qhZNK0Dc08SO6oZZjPcOlWP8KduPUD/AZ/wvSBWNEDgcM553JvjhcJrsC2P4zMyura+kZ2M7e1vbO7Z+b3myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt544up37plUvEwqMMkYq5PhgEfcEpASz0z3wV2D8l1ejon9bRnFmzrvFIqFW3sWPYMWCsa5dK3UkAL1HrmZ7cf0thnAVBBlOo4dgRuQiRwKlia68aKRYSOyZB1NA2Iz5SbzE5P8bFW+ngQSv0CwDP150RCfKUmvqeTPoGR+u1Nxb+8TgyDipvwIIqBBXS+aBALDCGe9oD7XDIKYqIJoZLrWzEdEUko6LaWt4hhqAMjv6g/o9v5LuV/0ixajm05N2eF6uWipyw6REfoBDmojKroCtVQA1F0hx7RE3o2HowX49V4m0czxmLmAC3BeP8CmQifEQ==</latexit><latexit sha1_base64="a0T9jZmeYDD3hhe3NUwG1mrb66k=">AAACE3icdVDLSgMxFM3UV62vqS7dBIvgapwpltZdQRcuXFToC9qhZNK0Dc08SO6oZZjPcOlWP8KduPUD/AZ/wvSBWNEDgcM553JvjhcJrsC2P4zMyura+kZ2M7e1vbO7Z+b3myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt544up37plUvEwqMMkYq5PhgEfcEpASz0z3wV2D8l1ejon9bRnFmzrvFIqFW3sWPYMWCsa5dK3UkAL1HrmZ7cf0thnAVBBlOo4dgRuQiRwKlia68aKRYSOyZB1NA2Iz5SbzE5P8bFW+ngQSv0CwDP150RCfKUmvqeTPoGR+u1Nxb+8TgyDipvwIIqBBXS+aBALDCGe9oD7XDIKYqIJoZLrWzEdEUko6LaWt4hhqAMjv6g/o9v5LuV/0ixajm05N2eF6uWipyw6REfoBDmojKroCtVQA1F0hx7RE3o2HowX49V4m0czxmLmAC3BeP8CmQifEQ==</latexit><latexit sha1_base64="a0T9jZmeYDD3hhe3NUwG1mrb66k=">AAACE3icdVDLSgMxFM3UV62vqS7dBIvgapwpltZdQRcuXFToC9qhZNK0Dc08SO6oZZjPcOlWP8KduPUD/AZ/wvSBWNEDgcM553JvjhcJrsC2P4zMyura+kZ2M7e1vbO7Z+b3myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt544up37plUvEwqMMkYq5PhgEfcEpASz0z3wV2D8l1ejon9bRnFmzrvFIqFW3sWPYMWCsa5dK3UkAL1HrmZ7cf0thnAVBBlOo4dgRuQiRwKlia68aKRYSOyZB1NA2Iz5SbzE5P8bFW+ngQSv0CwDP150RCfKUmvqeTPoGR+u1Nxb+8TgyDipvwIIqBBXS+aBALDCGe9oD7XDIKYqIJoZLrWzEdEUko6LaWt4hhqAMjv6g/o9v5LuV/0ixajm05N2eF6uWipyw6REfoBDmojKroCtVQA1F0hx7RE3o2HowX49V4m0czxmLmAC3BeP8CmQifEQ==</latexit> L

<latexit sha1_base64="SsiDjfQOGWq9EjCUlJgcMgSzm8Y=">AAACCHicdVDLSgNBEJz1GeMr6tHLYBA8LbvBkHgL6MGDhwjmAckSZieTZMjszDLTK4YlP+DRq36EN/HqX/gN/oSTB8GIFjQ0VdV0d4Wx4AY879NZWV1b39jMbGW3d3b39nMHh3WjEk1ZjSqhdDMkhgkuWQ04CNaMNSNRKFgjHF5O9MY904YreQejmAUR6Uve45SApZptYA+Q3ow7ubznXpSLxYKHfdebAlvGolRcMHk0R7WT+2p3FU0iJoEKYkzL92IIUqKBU8HG2XZiWEzokPRZy7aSRMwE6fTeMT61TBf3lLYlAU/ZnxMpiYwZRaF1RgQG5rc2If/SWgn0ykHKZZwAk3S2qJcIDApPnsddrhkFMbINoZrbWzEdEE0o2IiWt4i+soZBVLDP2HQWofzf1Auu77n+7Xm+cjXPKYOO0Qk6Qz4qoQq6RlVUQxQJ9ISe0Yvz6Lw6b877zLrizGeO0BKcj2/Rf5rq</latexit><latexit sha1_base64="SsiDjfQOGWq9EjCUlJgcMgSzm8Y=">AAACCHicdVDLSgNBEJz1GeMr6tHLYBA8LbvBkHgL6MGDhwjmAckSZieTZMjszDLTK4YlP+DRq36EN/HqX/gN/oSTB8GIFjQ0VdV0d4Wx4AY879NZWV1b39jMbGW3d3b39nMHh3WjEk1ZjSqhdDMkhgkuWQ04CNaMNSNRKFgjHF5O9MY904YreQejmAUR6Uve45SApZptYA+Q3ow7ubznXpSLxYKHfdebAlvGolRcMHk0R7WT+2p3FU0iJoEKYkzL92IIUqKBU8HG2XZiWEzokPRZy7aSRMwE6fTeMT61TBf3lLYlAU/ZnxMpiYwZRaF1RgQG5rc2If/SWgn0ykHKZZwAk3S2qJcIDApPnsddrhkFMbINoZrbWzEdEE0o2IiWt4i+soZBVLDP2HQWofzf1Auu77n+7Xm+cjXPKYOO0Qk6Qz4qoQq6RlVUQxQJ9ISe0Yvz6Lw6b877zLrizGeO0BKcj2/Rf5rq</latexit><latexit sha1_base64="SsiDjfQOGWq9EjCUlJgcMgSzm8Y=">AAACCHicdVDLSgNBEJz1GeMr6tHLYBA8LbvBkHgL6MGDhwjmAckSZieTZMjszDLTK4YlP+DRq36EN/HqX/gN/oSTB8GIFjQ0VdV0d4Wx4AY879NZWV1b39jMbGW3d3b39nMHh3WjEk1ZjSqhdDMkhgkuWQ04CNaMNSNRKFgjHF5O9MY904YreQejmAUR6Uve45SApZptYA+Q3ow7ubznXpSLxYKHfdebAlvGolRcMHk0R7WT+2p3FU0iJoEKYkzL92IIUqKBU8HG2XZiWEzokPRZy7aSRMwE6fTeMT61TBf3lLYlAU/ZnxMpiYwZRaF1RgQG5rc2If/SWgn0ykHKZZwAk3S2qJcIDApPnsddrhkFMbINoZrbWzEdEE0o2IiWt4i+soZBVLDP2HQWofzf1Auu77n+7Xm+cjXPKYOO0Qk6Qz4qoQq6RlVUQxQJ9ISe0Yvz6Lw6b877zLrizGeO0BKcj2/Rf5rq</latexit><latexit sha1_base64="SsiDjfQOGWq9EjCUlJgcMgSzm8Y=">AAACCHicdVDLSgNBEJz1GeMr6tHLYBA8LbvBkHgL6MGDhwjmAckSZieTZMjszDLTK4YlP+DRq36EN/HqX/gN/oSTB8GIFjQ0VdV0d4Wx4AY879NZWV1b39jMbGW3d3b39nMHh3WjEk1ZjSqhdDMkhgkuWQ04CNaMNSNRKFgjHF5O9MY904YreQejmAUR6Uve45SApZptYA+Q3ow7ubznXpSLxYKHfdebAlvGolRcMHk0R7WT+2p3FU0iJoEKYkzL92IIUqKBU8HG2XZiWEzokPRZy7aSRMwE6fTeMT61TBf3lLYlAU/ZnxMpiYwZRaF1RgQG5rc2If/SWgn0ykHKZZwAk3S2qJcIDApPnsddrhkFMbINoZrbWzEdEE0o2IiWt4i+soZBVLDP2HQWofzf1Auu77n+7Xm+cjXPKYOO0Qk6Qz4qoQq6RlVUQxQJ9ISe0Yvz6Lw6b877zLrizGeO0BKcj2/Rf5rq</latexit>

M/LT
<latexit sha1_base64="JOx4YahYh8kapMtxaHcuFnayYWk=">AAACFHicdVDLSgMxFM3UV62vsS7dBIvgqs4US+uuoAsXChX6gnYomTRtQzMPkjvSMsxvuHSrH+FO3Lr3G/wJ0wfFih4IHM45l3tz3FBwBZb1aaTW1jc2t9LbmZ3dvf0D8zDbUEEkKavTQASy5RLFBPdZHTgI1golI54rWNMdXU395gOTigd+DSYhczwy8HmfUwJa6prZDrAxxHfJ+Zzc1pKumbPyl+VisWBhO2/NgLWiUSoulRxaoNo1vzq9gEYe84EKolTbtkJwYiKBU8GSTCdSLCR0RAasralPPKaceHZ7gk+10sP9QOrnA56pPydi4ik18Vyd9AgM1W9vKv7ltSPol52Y+2EEzKfzRf1IYAjwtAjc45JREBNNCJVc34rpkEhCQde1ukUMAh0YegX9Gd3OspT/SaOQt628fX+Rq1wvekqjY3SCzpCNSqiCblAV1RFFY/SEntGL8Wi8Gm/G+zyaMhYzR2gFxsc3QV+faA==</latexit><latexit sha1_base64="JOx4YahYh8kapMtxaHcuFnayYWk=">AAACFHicdVDLSgMxFM3UV62vsS7dBIvgqs4US+uuoAsXChX6gnYomTRtQzMPkjvSMsxvuHSrH+FO3Lr3G/wJ0wfFih4IHM45l3tz3FBwBZb1aaTW1jc2t9LbmZ3dvf0D8zDbUEEkKavTQASy5RLFBPdZHTgI1golI54rWNMdXU395gOTigd+DSYhczwy8HmfUwJa6prZDrAxxHfJ+Zzc1pKumbPyl+VisWBhO2/NgLWiUSoulRxaoNo1vzq9gEYe84EKolTbtkJwYiKBU8GSTCdSLCR0RAasralPPKaceHZ7gk+10sP9QOrnA56pPydi4ik18Vyd9AgM1W9vKv7ltSPol52Y+2EEzKfzRf1IYAjwtAjc45JREBNNCJVc34rpkEhCQde1ukUMAh0YegX9Gd3OspT/SaOQt628fX+Rq1wvekqjY3SCzpCNSqiCblAV1RFFY/SEntGL8Wi8Gm/G+zyaMhYzR2gFxsc3QV+faA==</latexit><latexit sha1_base64="JOx4YahYh8kapMtxaHcuFnayYWk=">AAACFHicdVDLSgMxFM3UV62vsS7dBIvgqs4US+uuoAsXChX6gnYomTRtQzMPkjvSMsxvuHSrH+FO3Lr3G/wJ0wfFih4IHM45l3tz3FBwBZb1aaTW1jc2t9LbmZ3dvf0D8zDbUEEkKavTQASy5RLFBPdZHTgI1golI54rWNMdXU395gOTigd+DSYhczwy8HmfUwJa6prZDrAxxHfJ+Zzc1pKumbPyl+VisWBhO2/NgLWiUSoulRxaoNo1vzq9gEYe84EKolTbtkJwYiKBU8GSTCdSLCR0RAasralPPKaceHZ7gk+10sP9QOrnA56pPydi4ik18Vyd9AgM1W9vKv7ltSPol52Y+2EEzKfzRf1IYAjwtAjc45JREBNNCJVc34rpkEhCQde1ukUMAh0YegX9Gd3OspT/SaOQt628fX+Rq1wvekqjY3SCzpCNSqiCblAV1RFFY/SEntGL8Wi8Gm/G+zyaMhYzR2gFxsc3QV+faA==</latexit><latexit sha1_base64="JOx4YahYh8kapMtxaHcuFnayYWk=">AAACFHicdVDLSgMxFM3UV62vsS7dBIvgqs4US+uuoAsXChX6gnYomTRtQzMPkjvSMsxvuHSrH+FO3Lr3G/wJ0wfFih4IHM45l3tz3FBwBZb1aaTW1jc2t9LbmZ3dvf0D8zDbUEEkKavTQASy5RLFBPdZHTgI1golI54rWNMdXU395gOTigd+DSYhczwy8HmfUwJa6prZDrAxxHfJ+Zzc1pKumbPyl+VisWBhO2/NgLWiUSoulRxaoNo1vzq9gEYe84EKolTbtkJwYiKBU8GSTCdSLCR0RAasralPPKaceHZ7gk+10sP9QOrnA56pPydi4ik18Vyd9AgM1W9vKv7ltSPol52Y+2EEzKfzRf1IYAjwtAjc45JREBNNCJVc34rpkEhCQde1ukUMAh0YegX9Gd3OspT/SaOQt628fX+Rq1wvekqjY3SCzpCNSqiCblAV1RFFY/SEntGL8Wi8Gm/G+zyaMhYzR2gFxsc3QV+faA==</latexit>

Unitless

Dimensionless
=



• Bifurcation and scaling parameters


• Physically interpretable change of variables 
that generalize across scales

• Non-newtonian fluids


• Bio-chemical systems


• Complex systems

Not known in many problems

Find dimensionless groups that  
best collapse available data

⇢
<latexit sha1_base64="jQok6Z8Rm2y/8g93d8EQI6ePiRE=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKnxspuHFZwdZCO5RMmumEZpIhyQhl6NalW/0Id+LW//Ab/AkzbSm2eODC5ZxzufceP2ZUacf5tnJb2zu7e/n9wsHh0fFJ8fSsq0QiMelgwYTs+UgRRjnpaKoZ6cWSoMhn5NGf3Gb64xORigr+oKcx8SI05jSgGOmMGshQDIslx242qtVyFbq2Mwc0jEGttmJKYIn2sPgzGAmcRIRrzJBSfdeJtZciqSlmZFYYJIrECE/QmPRNy1FElJfOb53BK8OMYCCkKa7hnP07kaJIqWnkG2eEdKg2tYz8T+snOmh4KeVxognHi0VBwqAWMHscjqgkWLOpaRCW1NwKcYgkwtrEs76FjYUxhFHZPGPS2QilXlk2TXeVTrdsu47t3ldKrZtlTnlwAS7BNXBBHbTAHWiDDsAgBC/gFbxZz9a79WF9Lqw5azlzDtZgff0CjKSZXA==</latexit><latexit sha1_base64="jQok6Z8Rm2y/8g93d8EQI6ePiRE=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKnxspuHFZwdZCO5RMmumEZpIhyQhl6NalW/0Id+LW//Ab/AkzbSm2eODC5ZxzufceP2ZUacf5tnJb2zu7e/n9wsHh0fFJ8fSsq0QiMelgwYTs+UgRRjnpaKoZ6cWSoMhn5NGf3Gb64xORigr+oKcx8SI05jSgGOmMGshQDIslx242qtVyFbq2Mwc0jEGttmJKYIn2sPgzGAmcRIRrzJBSfdeJtZciqSlmZFYYJIrECE/QmPRNy1FElJfOb53BK8OMYCCkKa7hnP07kaJIqWnkG2eEdKg2tYz8T+snOmh4KeVxognHi0VBwqAWMHscjqgkWLOpaRCW1NwKcYgkwtrEs76FjYUxhFHZPGPS2QilXlk2TXeVTrdsu47t3ldKrZtlTnlwAS7BNXBBHbTAHWiDDsAgBC/gFbxZz9a79WF9Lqw5azlzDtZgff0CjKSZXA==</latexit><latexit sha1_base64="jQok6Z8Rm2y/8g93d8EQI6ePiRE=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKnxspuHFZwdZCO5RMmumEZpIhyQhl6NalW/0Id+LW//Ab/AkzbSm2eODC5ZxzufceP2ZUacf5tnJb2zu7e/n9wsHh0fFJ8fSsq0QiMelgwYTs+UgRRjnpaKoZ6cWSoMhn5NGf3Gb64xORigr+oKcx8SI05jSgGOmMGshQDIslx242qtVyFbq2Mwc0jEGttmJKYIn2sPgzGAmcRIRrzJBSfdeJtZciqSlmZFYYJIrECE/QmPRNy1FElJfOb53BK8OMYCCkKa7hnP07kaJIqWnkG2eEdKg2tYz8T+snOmh4KeVxognHi0VBwqAWMHscjqgkWLOpaRCW1NwKcYgkwtrEs76FjYUxhFHZPGPS2QilXlk2TXeVTrdsu47t3ldKrZtlTnlwAS7BNXBBHbTAHWiDDsAgBC/gFbxZz9a79WF9Lqw5azlzDtZgff0CjKSZXA==</latexit><latexit sha1_base64="jQok6Z8Rm2y/8g93d8EQI6ePiRE=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKnxspuHFZwdZCO5RMmumEZpIhyQhl6NalW/0Id+LW//Ab/AkzbSm2eODC5ZxzufceP2ZUacf5tnJb2zu7e/n9wsHh0fFJ8fSsq0QiMelgwYTs+UgRRjnpaKoZ6cWSoMhn5NGf3Gb64xORigr+oKcx8SI05jSgGOmMGshQDIslx242qtVyFbq2Mwc0jEGttmJKYIn2sPgzGAmcRIRrzJBSfdeJtZciqSlmZFYYJIrECE/QmPRNy1FElJfOb53BK8OMYCCkKa7hnP07kaJIqWnkG2eEdKg2tYz8T+snOmh4KeVxognHi0VBwqAWMHscjqgkWLOpaRCW1NwKcYgkwtrEs76FjYUxhFHZPGPS2QilXlk2TXeVTrdsu47t3ldKrZtlTnlwAS7BNXBBHbTAHWiDDsAgBC/gFbxZz9a79WF9Lqw5azlzDtZgff0CjKSZXA==</latexit><latexit sha1_base64="jQok6Z8Rm2y/8g93d8EQI6ePiRE=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKnxspuHFZwdZCO5RMmumEZpIhyQhl6NalW/0Id+LW//Ab/AkzbSm2eODC5ZxzufceP2ZUacf5tnJb2zu7e/n9wsHh0fFJ8fSsq0QiMelgwYTs+UgRRjnpaKoZ6cWSoMhn5NGf3Gb64xORigr+oKcx8SI05jSgGOmMGshQDIslx242qtVyFbq2Mwc0jEGttmJKYIn2sPgzGAmcRIRrzJBSfdeJtZciqSlmZFYYJIrECE/QmPRNy1FElJfOb53BK8OMYCCkKa7hnP07kaJIqWnkG2eEdKg2tYz8T+snOmh4KeVxognHi0VBwqAWMHscjqgkWLOpaRCW1NwKcYgkwtrEs76FjYUxhFHZPGPS2QilXlk2TXeVTrdsu47t3ldKrZtlTnlwAS7BNXBBHbTAHWiDDsAgBC/gFbxZz9a79WF9Lqw5azlzDtZgff0CjKSZXA==</latexit><latexit sha1_base64="jQok6Z8Rm2y/8g93d8EQI6ePiRE=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKnxspuHFZwdZCO5RMmumEZpIhyQhl6NalW/0Id+LW//Ab/AkzbSm2eODC5ZxzufceP2ZUacf5tnJb2zu7e/n9wsHh0fFJ8fSsq0QiMelgwYTs+UgRRjnpaKoZ6cWSoMhn5NGf3Gb64xORigr+oKcx8SI05jSgGOmMGshQDIslx242qtVyFbq2Mwc0jEGttmJKYIn2sPgzGAmcRIRrzJBSfdeJtZciqSlmZFYYJIrECE/QmPRNy1FElJfOb53BK8OMYCCkKa7hnP07kaJIqWnkG2eEdKg2tYz8T+snOmh4KeVxognHi0VBwqAWMHscjqgkWLOpaRCW1NwKcYgkwtrEs76FjYUxhFHZPGPS2QilXlk2TXeVTrdsu47t3ldKrZtlTnlwAS7BNXBBHbTAHWiDDsAgBC/gFbxZz9a79WF9Lqw5azlzDtZgff0CjKSZXA==</latexit>

v
<latexit sha1_base64="CIdtCYuTfi3dMCdNRjbb0M7huHg=">AAACAXicbVDLagIxFM3Yl7Uv2y67CZVCV8OM+NwUoZsuFaoVdJBMzGgwmQxJRpDBVZfdth/RXem2X9Jv6E806iBVeuDC5ZxzufceP2JUacf5tjI7u3v7B9nD3NHxyelZ/vyio0QsMWljwYTs+kgRRkPS1lQz0o0kQdxn5Mmf3C/0pymRiorwUc8i4nE0CmlAMdKGak0H+YJj12vlcrEMXdtZAhrGoFJZMwWQojnI//SHAsechBozpFTPdSLtJUhqihmZ5/qxIhHCEzQiPdOGiBPlJctD5/DGMEMYCGkq1HDJ/p1IEFdqxn3j5EiP1ba2IP/TerEOal5CwyjWJMSrRUHMoBZw8TUcUkmwZjPTICypuRXiMZIIa5PN5hY2EsYw5kXzjElnK5RqKW3q7jqdTtF2HdttlQqNuzSnLLgC1+AWuKAKGuABNEEbYEDAC3gFb9az9W59WJ8ra8ZKZy7BBqyvXzJWmA8=</latexit><latexit sha1_base64="CIdtCYuTfi3dMCdNRjbb0M7huHg=">AAACAXicbVDLagIxFM3Yl7Uv2y67CZVCV8OM+NwUoZsuFaoVdJBMzGgwmQxJRpDBVZfdth/RXem2X9Jv6E806iBVeuDC5ZxzufceP2JUacf5tjI7u3v7B9nD3NHxyelZ/vyio0QsMWljwYTs+kgRRkPS1lQz0o0kQdxn5Mmf3C/0pymRiorwUc8i4nE0CmlAMdKGak0H+YJj12vlcrEMXdtZAhrGoFJZMwWQojnI//SHAsechBozpFTPdSLtJUhqihmZ5/qxIhHCEzQiPdOGiBPlJctD5/DGMEMYCGkq1HDJ/p1IEFdqxn3j5EiP1ba2IP/TerEOal5CwyjWJMSrRUHMoBZw8TUcUkmwZjPTICypuRXiMZIIa5PN5hY2EsYw5kXzjElnK5RqKW3q7jqdTtF2HdttlQqNuzSnLLgC1+AWuKAKGuABNEEbYEDAC3gFb9az9W59WJ8ra8ZKZy7BBqyvXzJWmA8=</latexit><latexit sha1_base64="CIdtCYuTfi3dMCdNRjbb0M7huHg=">AAACAXicbVDLagIxFM3Yl7Uv2y67CZVCV8OM+NwUoZsuFaoVdJBMzGgwmQxJRpDBVZfdth/RXem2X9Jv6E806iBVeuDC5ZxzufceP2JUacf5tjI7u3v7B9nD3NHxyelZ/vyio0QsMWljwYTs+kgRRkPS1lQz0o0kQdxn5Mmf3C/0pymRiorwUc8i4nE0CmlAMdKGak0H+YJj12vlcrEMXdtZAhrGoFJZMwWQojnI//SHAsechBozpFTPdSLtJUhqihmZ5/qxIhHCEzQiPdOGiBPlJctD5/DGMEMYCGkq1HDJ/p1IEFdqxn3j5EiP1ba2IP/TerEOal5CwyjWJMSrRUHMoBZw8TUcUkmwZjPTICypuRXiMZIIa5PN5hY2EsYw5kXzjElnK5RqKW3q7jqdTtF2HdttlQqNuzSnLLgC1+AWuKAKGuABNEEbYEDAC3gFb9az9W59WJ8ra8ZKZy7BBqyvXzJWmA8=</latexit><latexit sha1_base64="CIdtCYuTfi3dMCdNRjbb0M7huHg=">AAACAXicbVDLagIxFM3Yl7Uv2y67CZVCV8OM+NwUoZsuFaoVdJBMzGgwmQxJRpDBVZfdth/RXem2X9Jv6E806iBVeuDC5ZxzufceP2JUacf5tjI7u3v7B9nD3NHxyelZ/vyio0QsMWljwYTs+kgRRkPS1lQz0o0kQdxn5Mmf3C/0pymRiorwUc8i4nE0CmlAMdKGak0H+YJj12vlcrEMXdtZAhrGoFJZMwWQojnI//SHAsechBozpFTPdSLtJUhqihmZ5/qxIhHCEzQiPdOGiBPlJctD5/DGMEMYCGkq1HDJ/p1IEFdqxn3j5EiP1ba2IP/TerEOal5CwyjWJMSrRUHMoBZw8TUcUkmwZjPTICypuRXiMZIIa5PN5hY2EsYw5kXzjElnK5RqKW3q7jqdTtF2HdttlQqNuzSnLLgC1+AWuKAKGuABNEEbYEDAC3gFb9az9W59WJ8ra8ZKZy7BBqyvXzJWmA8=</latexit><latexit sha1_base64="CIdtCYuTfi3dMCdNRjbb0M7huHg=">AAACAXicbVDLagIxFM3Yl7Uv2y67CZVCV8OM+NwUoZsuFaoVdJBMzGgwmQxJRpDBVZfdth/RXem2X9Jv6E806iBVeuDC5ZxzufceP2JUacf5tjI7u3v7B9nD3NHxyelZ/vyio0QsMWljwYTs+kgRRkPS1lQz0o0kQdxn5Mmf3C/0pymRiorwUc8i4nE0CmlAMdKGak0H+YJj12vlcrEMXdtZAhrGoFJZMwWQojnI//SHAsechBozpFTPdSLtJUhqihmZ5/qxIhHCEzQiPdOGiBPlJctD5/DGMEMYCGkq1HDJ/p1IEFdqxn3j5EiP1ba2IP/TerEOal5CwyjWJMSrRUHMoBZw8TUcUkmwZjPTICypuRXiMZIIa5PN5hY2EsYw5kXzjElnK5RqKW3q7jqdTtF2HdttlQqNuzSnLLgC1+AWuKAKGuABNEEbYEDAC3gFb9az9W59WJ8ra8ZKZy7BBqyvXzJWmA8=</latexit><latexit sha1_base64="CIdtCYuTfi3dMCdNRjbb0M7huHg=">AAACAXicbVDLagIxFM3Yl7Uv2y67CZVCV8OM+NwUoZsuFaoVdJBMzGgwmQxJRpDBVZfdth/RXem2X9Jv6E806iBVeuDC5ZxzufceP2JUacf5tjI7u3v7B9nD3NHxyelZ/vyio0QsMWljwYTs+kgRRkPS1lQz0o0kQdxn5Mmf3C/0pymRiorwUc8i4nE0CmlAMdKGak0H+YJj12vlcrEMXdtZAhrGoFJZMwWQojnI//SHAsechBozpFTPdSLtJUhqihmZ5/qxIhHCEzQiPdOGiBPlJctD5/DGMEMYCGkq1HDJ/p1IEFdqxn3j5EiP1ba2IP/TerEOal5CwyjWJMSrRUHMoBZw8TUcUkmwZjPTICypuRXiMZIIa5PN5hY2EsYw5kXzjElnK5RqKW3q7jqdTtF2HdttlQqNuzSnLLgC1+AWuKAKGuABNEEbYEDAC3gFb9az9W59WJ8ra8ZKZy7BBqyvXzJWmA8=</latexit>

µ
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Negligeable 

• Approximate nonlinear models


• Can be done without modeling


• Loss-less dimensionality reduction
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↵(t)
<latexit sha1_base64="nQm4KVptkvKi0BEF4iemNVyXuxs=">AAACH3icbVDLSgNBEOyN7/jWo5fBIOgl7Aaj8SKCF48KxkSSIL2TSTJkZneZ6RXCkq/wqge/xpt49W+cPBATLGhoqqrp7goTJS35/reXW1hcWl5ZXcuvb2xube/s7j3YODVcVHmsYlMP0QolI1ElSUrUEyNQh0rUwv71SK89C2NlHN3TIBEtjd1IdiRHctRjE1XSw2M6edop+MWLSrlcKrOg6I/BHONwdvbLFGCK26ddD5rtmKdaRMQVWtsI/IRaGRqSXIlhvplakSDvY1c0XBuhFraVjS8esiPHtFknNq4iYmP270SG2tqBDp1TI/XsvDYi/9MaKXUqrUxGSUoi4pNFnVQxitnofdaWRnBSA9cgN9LdyngPDXJyIc1uUd3YGXq6NPtM5uKkEI0duszmojo/nTYXwW9mD6Vi4BeDu9PC1eU0vVU4gEM4hgDO4Qpu4BaqwEHDC7zCm/fufXif3tfEmvOmM/swA+/7B5RXo2s=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit>

g
<latexit sha1_base64="DuvJ2hQE+3F9K5kEOAuk2RTzp18=">AAACF3icbVDJagJBEK0xmzGbJsdcmkggp2FGXC9ByCVHhbiADtLT9mhjz0J3T0AGvyDX5JCvyS3kmmP+Jq0OEiUPCor3XlFVz404k8qyfozM3v7B4VH2OHdyenZ+kS9cdmUYC0I7JOSh6LtYUs4C2lFMcdqPBMW+y2nPnT0s9d4zFZKFwZOaR9Tx8SRgHiNYaao9GeWLltmoVyqlCrJNawWkGY1qdcMUIUVrVDBgOA5J7NNAEY6lHNhWpJwEC8UIp4vcMJY0wmSGJ3Sg2wD7VDrJ6tIFutXMGHmh0BUotGL/TiTYl3Luu9rpYzWVu9qS/E8bxMqrOwkLoljRgKwXeTFHKkTLt9GYCUoUn+sGE8H0rYhMscBE6XC2t/BJqA1Tv7T9TKJjVC4WcqEz24mqVk6bhr3JrFsybcu02+Vi8z5NLwvXcAN3YEMNmvAILegAAQov8ApvxrvxYXwaX2trxkhnrmALxvcvsSegWw==</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit>m

<latexit sha1_base64="iFP3aXr/XhyFownmeuJbgQaz5WE=">AAACF3icbVDLagJBEOw1L2NemhxzGSKBnGRXfF6CkEuOCvEBusjsOOrgzO4yMxuQxS/INTnka3ILueaYv8moi0RJQUNTVU13lxdyprRt/1ipvf2Dw6P0cebk9Oz8Ipu77KggkoS2ScAD2fOwopz5tK2Z5rQXSoqFx2nXmz0s9e4zlYoF/pOeh9QVeOKzMSNYG6olhtm8XajXyuViGTkFewVkGINKZcPkIUFzmLNgMApIJKivCcdK9R071G6MpWaE00VmECkaYjLDE9o3rY8FVW68unSBbg0zQuNAmvI1WrF/J2IslJoLzzgF1lO1qy3J/7R+pMc1N2Z+GGnqk/WiccSRDtDybTRikhLN56bBRDJzKyJTLDHRJpztLXwSGMNUFLefiU2M2sNSLUxmO1FVS0lTdzaZdYoFxy44rVK+cZ+kl4ZruIE7cKAKDXiEJrSBAIUXeIU36936sD6tr7U1ZSUzV7AF6/sXu1mgYQ==</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit>

p̃
<latexit sha1_base64="zKIYtOPDEhKWXvJ4+u0GH6QQ1wM="></latexit><latexit sha1_base64="fxWfTCULM2YEm2j1ZMwJEmTg5IM="></latexit><latexit sha1_base64="fxWfTCULM2YEm2j1ZMwJEmTg5IM="></latexit><latexit sha1_base64="fxWfTCULM2YEm2j1ZMwJEmTg5IM="></latexit><latexit sha1_base64="fxWfTCULM2YEm2j1ZMwJEmTg5IM="></latexit><latexit sha1_base64="fxWfTCULM2YEm2j1ZMwJEmTg5IM="></latexit>

Governing equation

Modeling
↵̈ = � g

L
sin(↵)

<latexit sha1_base64="U9x5aSHBfTb/jlNsxbFtkpjy3ko="></latexit><latexit sha1_base64="OX/8opiWvchQea74xHJcwFNmWuM="></latexit><latexit sha1_base64="OX/8opiWvchQea74xHJcwFNmWuM="></latexit><latexit sha1_base64="OX/8opiWvchQea74xHJcwFNmWuM="></latexit><latexit sha1_base64="OX/8opiWvchQea74xHJcwFNmWuM="></latexit><latexit sha1_base64="OX/8opiWvchQea74xHJcwFNmWuM="></latexit>

Dimensionless 
Groups

Coefficientsgt2

L
<latexit sha1_base64="w1GGTyWzEhTVm0RURj1BsW9FdlU="></latexit><latexit sha1_base64="OC2fTPCVdL0WZyz04g4C53KwtXM="></latexit><latexit sha1_base64="OC2fTPCVdL0WZyz04g4C53KwtXM="></latexit><latexit sha1_base64="OC2fTPCVdL0WZyz04g4C53KwtXM="></latexit><latexit sha1_base64="OC2fTPCVdL0WZyz04g4C53KwtXM="></latexit><latexit sha1_base64="OC2fTPCVdL0WZyz04g4C53KwtXM="></latexit>

⇡p̃
<latexit sha1_base64="DeItsSH6nR9w0MTY6icPG4MIbwg="></latexit><latexit sha1_base64="ob51D/UIeSl+Jfy12BerIeXjynA="></latexit><latexit sha1_base64="ob51D/UIeSl+Jfy12BerIeXjynA="></latexit><latexit sha1_base64="ob51D/UIeSl+Jfy12BerIeXjynA="></latexit><latexit sha1_base64="ob51D/UIeSl+Jfy12BerIeXjynA="></latexit><latexit sha1_base64="ob51D/UIeSl+Jfy12BerIeXjynA="></latexit>

How do we find dimensionless numbers?

Buckingham Pi

[p,q] 
<latexit sha1_base64="/lW6eOzBR3xR0jXb3WP+pKg+2nA="></latexit><latexit sha1_base64="/lW6eOzBR3xR0jXb3WP+pKg+2nA="></latexit><latexit sha1_base64="/lW6eOzBR3xR0jXb3WP+pKg+2nA="></latexit><latexit sha1_base64="/lW6eOzBR3xR0jXb3WP+pKg+2nA="></latexit>

Dimensionless 
Equation

Non-dimensionalize

↵⌧⌧ = �gT 2

L
sin(↵)

<latexit sha1_base64="HV+L+twAx4zUWiJTKgUzwoj0Vb0="></latexit><latexit sha1_base64="vO86CbR8Al5yX5nVrT8HjOeagwg="></latexit><latexit sha1_base64="vO86CbR8Al5yX5nVrT8HjOeagwg="></latexit><latexit sha1_base64="vO86CbR8Al5yX5nVrT8HjOeagwg="></latexit><latexit sha1_base64="vO86CbR8Al5yX5nVrT8HjOeagwg="></latexit><latexit sha1_base64="vO86CbR8Al5yX5nVrT8HjOeagwg="></latexit>

⌧ =
t

T
<latexit sha1_base64="lBMPCzMbc0S0PArCjuGamWP/eRg=">AAACFHicdVDLSgMxFM34rPU11qWbYBFclZliaV0IBV24rNAXdIaSSTNtaOZBckcsw/yGS7f6Ee7ErXu/wZ8wfVCs6IHA4ZxzuTfHiwVXYFmfxtr6xubWdm4nv7u3f3BoHhXaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63jj66nfuWdS8ShswiRmbkCGIfc5JaClvllwgCT4Cju+JDSFLG1mfbNolS5rlUrZwnbJmgFrRaNaWSpFtECjb345g4gmAQuBCqJUz7ZicFMigVPBsryTKBYTOiZD1tM0JAFTbjq7PcNnWhlgP5L6hYBn6s+JlARKTQJPJwMCI/Xbm4p/eb0E/Jqb8jBOgIV0vshPBIYIT4vAAy4ZBTHRhFDJ9a2YjohuAXRdq1vEMNKBUVDWn9HtLEv5n7TLJdsq2XcXxfrNoqccOkGn6BzZqIrq6BY1UAtR9ICe0DN6MR6NV+PNeJ9H14zFzDFagfHxDXKXnu0=</latexit><latexit sha1_base64="lBMPCzMbc0S0PArCjuGamWP/eRg=">AAACFHicdVDLSgMxFM34rPU11qWbYBFclZliaV0IBV24rNAXdIaSSTNtaOZBckcsw/yGS7f6Ee7ErXu/wZ8wfVCs6IHA4ZxzuTfHiwVXYFmfxtr6xubWdm4nv7u3f3BoHhXaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63jj66nfuWdS8ShswiRmbkCGIfc5JaClvllwgCT4Cju+JDSFLG1mfbNolS5rlUrZwnbJmgFrRaNaWSpFtECjb345g4gmAQuBCqJUz7ZicFMigVPBsryTKBYTOiZD1tM0JAFTbjq7PcNnWhlgP5L6hYBn6s+JlARKTQJPJwMCI/Xbm4p/eb0E/Jqb8jBOgIV0vshPBIYIT4vAAy4ZBTHRhFDJ9a2YjohuAXRdq1vEMNKBUVDWn9HtLEv5n7TLJdsq2XcXxfrNoqccOkGn6BzZqIrq6BY1UAtR9ICe0DN6MR6NV+PNeJ9H14zFzDFagfHxDXKXnu0=</latexit><latexit sha1_base64="lBMPCzMbc0S0PArCjuGamWP/eRg=">AAACFHicdVDLSgMxFM34rPU11qWbYBFclZliaV0IBV24rNAXdIaSSTNtaOZBckcsw/yGS7f6Ee7ErXu/wZ8wfVCs6IHA4ZxzuTfHiwVXYFmfxtr6xubWdm4nv7u3f3BoHhXaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63jj66nfuWdS8ShswiRmbkCGIfc5JaClvllwgCT4Cju+JDSFLG1mfbNolS5rlUrZwnbJmgFrRaNaWSpFtECjb345g4gmAQuBCqJUz7ZicFMigVPBsryTKBYTOiZD1tM0JAFTbjq7PcNnWhlgP5L6hYBn6s+JlARKTQJPJwMCI/Xbm4p/eb0E/Jqb8jBOgIV0vshPBIYIT4vAAy4ZBTHRhFDJ9a2YjohuAXRdq1vEMNKBUVDWn9HtLEv5n7TLJdsq2XcXxfrNoqccOkGn6BzZqIrq6BY1UAtR9ICe0DN6MR6NV+PNeJ9H14zFzDFagfHxDXKXnu0=</latexit><latexit sha1_base64="lBMPCzMbc0S0PArCjuGamWP/eRg=">AAACFHicdVDLSgMxFM34rPU11qWbYBFclZliaV0IBV24rNAXdIaSSTNtaOZBckcsw/yGS7f6Ee7ErXu/wZ8wfVCs6IHA4ZxzuTfHiwVXYFmfxtr6xubWdm4nv7u3f3BoHhXaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63jj66nfuWdS8ShswiRmbkCGIfc5JaClvllwgCT4Cju+JDSFLG1mfbNolS5rlUrZwnbJmgFrRaNaWSpFtECjb345g4gmAQuBCqJUz7ZicFMigVPBsryTKBYTOiZD1tM0JAFTbjq7PcNnWhlgP5L6hYBn6s+JlARKTQJPJwMCI/Xbm4p/eb0E/Jqb8jBOgIV0vshPBIYIT4vAAy4ZBTHRhFDJ9a2YjohuAXRdq1vEMNKBUVDWn9HtLEv5n7TLJdsq2XcXxfrNoqccOkGn6BzZqIrq6BY1UAtR9ICe0DN6MR6NV+PNeJ9H14zFzDFagfHxDXKXnu0=</latexit>

. . .
<latexit sha1_base64="a63E9LXUVPtY7MmMFPXYsvkR85Q=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4GmaCIfEW0IPHCGaBZAg9PT1Jm16G7h4hDLl79Kof4U28+ht+gz9hZyEY0QcFxXuvqKoXJoxq43mfTm5tfWNzK79d2Nnd2z8oHh61tEwVJk0smVSdEGnCqCBNQw0jnUQRxENG2uHoaqq3H4jSVIo7M05IwNFA0JhiZCzV6rFIGt0vljz3slaplD3ou94M0DIW1cqSKYEFGv3iVy+SOOVEGMyQ1l3fS0yQIWUoZmRS6KWaJAiP0IB0bSsQJzrIZtdO4JllIhhLZUsYOGN/TmSIaz3moXVyZIb6tzYl/9K6qYlrQUZFkhoi8HxRnDJoJJy+DiOqCDZsbBuEFbW3QjxECmFjA1rdwgbSGoa8bJ+x6SxD+b9plV3fc/3bi1L9epFTHpyAU3AOfFAFdXADGqAJMLgHT+AZvDiPzqvz5rzPrTlnMXMMVuB8fAMTcJnz</latexit><latexit sha1_base64="a63E9LXUVPtY7MmMFPXYsvkR85Q=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4GmaCIfEW0IPHCGaBZAg9PT1Jm16G7h4hDLl79Kof4U28+ht+gz9hZyEY0QcFxXuvqKoXJoxq43mfTm5tfWNzK79d2Nnd2z8oHh61tEwVJk0smVSdEGnCqCBNQw0jnUQRxENG2uHoaqq3H4jSVIo7M05IwNFA0JhiZCzV6rFIGt0vljz3slaplD3ou94M0DIW1cqSKYEFGv3iVy+SOOVEGMyQ1l3fS0yQIWUoZmRS6KWaJAiP0IB0bSsQJzrIZtdO4JllIhhLZUsYOGN/TmSIaz3moXVyZIb6tzYl/9K6qYlrQUZFkhoi8HxRnDJoJJy+DiOqCDZsbBuEFbW3QjxECmFjA1rdwgbSGoa8bJ+x6SxD+b9plV3fc/3bi1L9epFTHpyAU3AOfFAFdXADGqAJMLgHT+AZvDiPzqvz5rzPrTlnMXMMVuB8fAMTcJnz</latexit><latexit sha1_base64="a63E9LXUVPtY7MmMFPXYsvkR85Q=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4GmaCIfEW0IPHCGaBZAg9PT1Jm16G7h4hDLl79Kof4U28+ht+gz9hZyEY0QcFxXuvqKoXJoxq43mfTm5tfWNzK79d2Nnd2z8oHh61tEwVJk0smVSdEGnCqCBNQw0jnUQRxENG2uHoaqq3H4jSVIo7M05IwNFA0JhiZCzV6rFIGt0vljz3slaplD3ou94M0DIW1cqSKYEFGv3iVy+SOOVEGMyQ1l3fS0yQIWUoZmRS6KWaJAiP0IB0bSsQJzrIZtdO4JllIhhLZUsYOGN/TmSIaz3moXVyZIb6tzYl/9K6qYlrQUZFkhoi8HxRnDJoJJy+DiOqCDZsbBuEFbW3QjxECmFjA1rdwgbSGoa8bJ+x6SxD+b9plV3fc/3bi1L9epFTHpyAU3AOfFAFdXADGqAJMLgHT+AZvDiPzqvz5rzPrTlnMXMMVuB8fAMTcJnz</latexit><latexit sha1_base64="a63E9LXUVPtY7MmMFPXYsvkR85Q=">AAACBnicdVDJSgNBEO2JW4xb1KOXxiB4GmaCIfEW0IPHCGaBZAg9PT1Jm16G7h4hDLl79Kof4U28+ht+gz9hZyEY0QcFxXuvqKoXJoxq43mfTm5tfWNzK79d2Nnd2z8oHh61tEwVJk0smVSdEGnCqCBNQw0jnUQRxENG2uHoaqq3H4jSVIo7M05IwNFA0JhiZCzV6rFIGt0vljz3slaplD3ou94M0DIW1cqSKYEFGv3iVy+SOOVEGMyQ1l3fS0yQIWUoZmRS6KWaJAiP0IB0bSsQJzrIZtdO4JllIhhLZUsYOGN/TmSIaz3moXVyZIb6tzYl/9K6qYlrQUZFkhoi8HxRnDJoJJy+DiOqCDZsbBuEFbW3QjxECmFjA1rdwgbSGoa8bJ+x6SxD+b9plV3fc/3bi1L9epFTHpyAU3AOfFAFdXADGqAJMLgHT+AZvDiPzqvz5rzPrTlnMXMMVuB8fAMTcJnz</latexit>

q = [↵]
<latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="5LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="l2toFcdlSUEHQHpHH0KOcI49hhQ=">AAACC3icbVDLSsNAFL2pr1qrRnHnZrAIrkrSjW4EwY3LCvYBSSiT6aQZOpPEmYlQQ//DpVv9CHfiN/gN/oSTtgvbemDgcM4d7rknzDhT2nG+rcrG5tb2TnW3tlffPzi0j+pdleaS0A5JeSr7IVaUs4R2NNOc9jNJsQg57YXj29LvPVGpWJo86ElGA4FHCYsYwdpIA/vEF1jHYYQe0TXyfMyzGAcDu+E0nRnQOnEXpAELtAf2jz9MSS5oognHSnmuk+mgwFIzwum05ueKZpiM8Yh6hiZYUBUUs/RTdG6UIYpSaV6i0Uz9+6PAQqmJCM1kmVWteqX4n+flOroKCpZkuaYJmS+Kco50isoq0JBJSjSfGIKJZCYrIjGWmGhT2PIWPkrNQCxa5hjTjrvaxTrptpqu03TvHajCKZzBBbhwCTdwB23oAIFneIU3eLderA/rc95jxVoUegxLsL5+AbT+nVM=</latexit><latexit sha1_base64="9/LYAI1DuficGC1LgVGtDP8GoQg=">AAACC3icdVDLSsNAFL3xWWvVKO7cDBbBVUgKpXUhCG5cVrAPSEOZTCfN0MnDmYlQQ//DpVv9CHfiN/gN/oSTthQremDgcM4d7rnHTzmTyrY/jbX1jc2t7dJOebeyt39gHlY6MskEoW2S8ET0fCwpZzFtK6Y47aWC4sjntOuPrwu/+0CFZEl8pyYp9SI8ilnACFZaGpjH/Qir0A/QPbpEbh/zNMTewKza1kWzXq/ZyLHsGZBWNBr1pVKFBVoD86s/TEgW0VgRjqV0HTtVXo6FYoTTabmfSZpiMsYj6moa44hKL5+ln6IzrQxRkAj9YoVm6s8fOY6knES+niyyyt9eIf7luZkKml7O4jRTNCbzRUHGkUpQUQUaMkGJ4hNNMBFMZ0UkxAITpQtb3cJHiR4Io5o+RrezLOV/0qlZjm05tzaU4ARO4RwcaMAV3EAL2kDgEZ7hBV6NJ+PNeJ/3uGYsCj2CFRgf3ym6naE=</latexit><latexit sha1_base64="qPoH2M66561zgw3WI3gnng+41ak=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUSutCKOjCZQX7gCSUyXTSDJ1M4sxEqKX/4dKtfoQ7cevWb/AnnLSlWNEDA5dzzuWeOUHKqFS2/WkUVlbX1jeKm6Wt7Z3dPXP/oC2TTGDSwglLRDdAkjDKSUtRxUg3FQTFASOdYHiZ6517IiRN+K0apcSP0YDTkGKkNNUzj7wYqSgI4R28gK6HWBohv2eWbeu8Xq1WbOhY9hRQMxq16oIpgzmaPfPL6yc4iwlXmCEpXcdOlT9GQlHMyKTkZZKkCA/RgLh65Cgm0h9P00/gqWb6MEyEflzBKftzY4xiKUdxoJ15Vvlby8m/NDdTYd0fU55minA8OxRmDKoE5lXAPhUEKzbSA8KC6qwQR0ggrHRhy1fYINGGKK7oz+h2FqX8P7QrlmNbzo1dblzNeyqCY3ACzoADaqABrkETtAAGD+AJPIMX49F4Nd6M95m1YMx3DsESjI9vAKufIA==</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit><latexit sha1_base64="3ruj3iw3GE3j/UCZ3YD2mfDxMdE=">AAACFnicdVDLSsNAFJ3UV62v+Ni5GSyCq5AUS+tCKOjCZQX7gCaUyXTSDJ1J4sxEqKH/4dKtfoQ7cevWb/AnnLRFrOiBgcs553LPHD9hVCrb/jAKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjFousjSRiNSEtRxUg3EQRxn5GOP7rI9c4dEZLG0Y0aJ8TjaBjRgGKkNNU3D1yOVOgH8Baew56LWBIir2+WbeusXq1WbOhY9hRQMxq16jdTBnM0++anO4hxykmkMENS9hw7UV6GhKKYkUnJTSVJEB6hIenpMUKcSC+bpp/AY80MYBAL/SIFp+zPjQxxKcfc1848q/yt5eRfWi9VQd3LaJSkikR4dihIGVQxzKuAAyoIVmysB4QF1VkhDpFAWOnCFq+wYawNIa/oz+h2vkv5f2hXLMe2nOvTcuNy3lMRHIIjcAIcUAMNcAWaoAUwuAeP4Ak8Gw/Gi/FqvM2sBWO+sw8WYLx/AQHrnyQ=</latexit>

p = [L,m, g, t]
<latexit sha1_base64="ITkzKxI3qciNFtrpIBB1qInYWro="></latexit><latexit sha1_base64="ITkzKxI3qciNFtrpIBB1qInYWro="></latexit><latexit sha1_base64="ITkzKxI3qciNFtrpIBB1qInYWro="></latexit><latexit sha1_base64="ITkzKxI3qciNFtrpIBB1qInYWro="></latexit>

inputs

ouputs



Buckingham Pi  
Theorem

πp πqψ

non-unique

p qf

input output D� = 0
<latexit sha1_base64="cyuZ68kgqJsnqSGkRdxB9QTtv7I="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit>

[F ] = ML/T2
<latexit sha1_base64="vasdOwQB9ZyX8Hdmj/+2fSVl/sI="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit>

⌦(F ) = [1, 1,�2]>
<latexit sha1_base64="+PPx9q7WExpvaD3OfGdhhBrlJQU="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit>

D =

2

4
| |

⌦(p̃1) . . . ⌦(p̃d)
| |

3

5

<latexit sha1_base64="1u5iLVN5yKVQK8P1dyDBim28Lug="></latexit><latexit sha1_base64="UrOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="UrOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="UrOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="UrOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="5LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="SbedlGHcDBISpMYlJ2xj132ak7U="></latexit><latexit sha1_base64="IpQSSY5aKeEuIlqQYUaYba1kVEA="></latexit><latexit sha1_base64="tjx1z6uQc0xGwdNZuffqkcYrDng="></latexit><latexit sha1_base64="C1kNgcGDWcmc+2KmGhC+kcyH7F4="></latexit><latexit sha1_base64="C1kNgcGDWcmc+2KmGhC+kcyH7F4="></latexit><latexit sha1_base64="1u5iLVN5yKVQK8P1dyDBim28Lug="></latexit><latexit sha1_base64="vmFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit><latexit sha1_base64="vmFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit><latexit sha1_base64="vmFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit><latexit sha1_base64="vmFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit>

⇡j =
dY

i=1

p̃
�ij

i
<latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit><latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit><latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit><latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit>

Re = ⇢1v1D1µ�1
<latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit><latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit><latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit><latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit>



Probabilistic corollary of the Buckingham Pi theorem

<latexit sha1_base64="PWn0xQj6tVSqzf6/G2ROgbJuxo8="></latexit>

kq� f(p)k < " ! k⇡q �  (⇡p)k < "

Loss-less dimensionality reduction that preserves prediction error



⇡⇤ = argmin
⇡

✓
min
 

k⇡q �  (⇡p)k22

◆

<latexit sha1_base64="0K2gZA+WjV92thLCZiyxHzMhA5c="></latexit><latexit sha1_base64="ueijoRALWbz6a3UEzw/B/c7w1gs="></latexit><latexit sha1_base64="ueijoRALWbz6a3UEzw/B/c7w1gs="></latexit><latexit sha1_base64="ueijoRALWbz6a3UEzw/B/c7w1gs="></latexit><latexit sha1_base64="ueijoRALWbz6a3UEzw/B/c7w1gs="></latexit><latexit sha1_base64="ueijoRALWbz6a3UEzw/B/c7w1gs="></latexit>

Hypothesis

The most physically meaningful dimensionless basis  is the optimal  
coordinate transformation  that minimizes the loss

π*
p̃ → π*

<latexit sha1_base64="ouCqBrxSTd7L7MtPpW4qZyVvSQQ=">AAACIXicdZBNS8NAEIY39avWr6hHL4tF8CAhrW2NB6HoxWMF2wpJCJvNpl26+XB3I5TSv+LFv+LFgyK9iX/GTVtBiw4s+/LMDDPz+imjQprmh1ZYWl5ZXSuulzY2t7Z39N29jkgyjkkbJyzhdz4ShNGYtCWVjNylnKDIZ6TrD67yfPeBcEGT+FYOU+JGqBfTkGIkFfJ0y/ETFohhpD7opBReQHsBeekJXET3rqeXTePcqlsNC+aiYdZP4YxUq7BimNMog3m0PH3iBAnOIhJLzJAQdsVMpTtCXFLMyLjkZIKkCA9Qj9hKxigiwh1NLxzDI0UCGCZcvVjCKf3ZMUKRyNdTlRGSfbGYy+FfOTuToeWOaJxmksR4NijMGJQJzO2CAeUESzZUAmFO1a4Q9xFHWCpTS8qE70vh/6JTNSoNo3ZTKzcv53YUwQE4BMegAs5AE1yDFmgDDB7BM3gFb9qT9qK9a5NZaUGb9+yDX6F9fgEcuaQp</latexit>

⇡ = [⇡p,⇡q]

How do we constrain the set of possible solutions for  and  ? π ψ



Methods

1. BuckiNet: include the null-space loss in the first layer of a deep network 

2. Constrained optimization with non-parametric  

3. Sparse identification of parametric differential equations  
with dimensionless coefficients

ψ



1. Constrained Optimization

Loss function
<latexit sha1_base64="lyaCnKR2UHmvjKWhUmHYUcgelKA="></latexit>

�̌p = argmin
�p

k⇧q �  (exp (log(P )�p))k2 + �1 k�pk1 + �2 k�pk2 , s.t. Dp�p = 0

Dimensionless 
constraint

•      is a non-parametric Gaussian radial basis function (RBF)

• Using Kernel Ridge Regression
 

<latexit sha1_base64="xva8SlW2+71Or0JA35LR2ppd5zM=">AAACGnicbVDJSgNBEK1xjXFL9OilMQiehpmQ9SIBLx4jmAWSIfR0epImPQvdPUIY8gte9eDXeBOvXvwbe5IhmOCDguK9V1TVcyPOpLKsH2Nnd2//4DB3lD8+OT07LxQvujKMBaEdEvJQ9F0sKWcB7SimOO1HgmLf5bTnzu5TvfdMhWRh8KTmEXV8PAmYxwhWKTWMJBsVSpbZbFSr5SqyTWsJpBmNWm3NlCBDe1Q0YDgOSezTQBGOpRzYVqScBAvFCKeL/DCWNMJkhid0oNsA+1Q6yfLYBbrRzBh5odAVKLRk/04k2Jdy7rva6WM1ldtaSv6nDWLlNZyEBVGsaEBWi7yYIxWi9HM0ZoISxee6wUQwfSsiUywwUTqfzS18EmrD1C9vPpPoJJWLhVzozLaiqleypmmvM+uWTdsy7cdKqXWXpZeDK7iGW7ChDi14gDZ0gMAUXuAV3ox348P4NL5W1h0jm7mEDRjfv0Rtobo=</latexit><latexit sha1_base64="j2JZxLNnzb44j40VQT0hkEfvDm0=">AAACP3icjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMZSwVwgWcLsZDYZMnthZlYIS17B1qex8DF8AjuxtXM2WYIJFv4wcPjPfzhzPjfiTCrLeje2tnd29/ZzB/nDo+OT00LxrCPDWBDaJiEPRc/FknIW0LZiitNeJCj2XU677vQ27XefqJAsDB7VLKKOj8cB8xjBKrUGkWTDQskym41qtVxFtmkthLSjVautnBJk+l98WDRgMApJ7NNAEY6l7NtWpJwEC8UIp/P8IJY0wmSKx7SvywD7VDrJ4qI5utLOCHmh0C9QaOH+nkiwL+XMd3XSx2oiN3up+VevHyuv4SQsiGJFA7Jc5MUcqRCleNCICUoUn+kCE8H0XxGZYIGJ0hDXt/BxqAMTv7x+TKJxKxcLOdekNgDVK1nRtFekOmXTtkz7oVJq3WSIc3ABl3ANNtShBXdwD20gMIFneIFX4834MD6Nr2V0y8hmzmFNxvcPnd+phg==</latexit><latexit sha1_base64="j2JZxLNnzb44j40VQT0hkEfvDm0=">AAACP3icjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMZSwVwgWcLsZDYZMnthZlYIS17B1qex8DF8AjuxtXM2WYIJFv4wcPjPfzhzPjfiTCrLeje2tnd29/ZzB/nDo+OT00LxrCPDWBDaJiEPRc/FknIW0LZiitNeJCj2XU677vQ27XefqJAsDB7VLKKOj8cB8xjBKrUGkWTDQskym41qtVxFtmkthLSjVautnBJk+l98WDRgMApJ7NNAEY6l7NtWpJwEC8UIp/P8IJY0wmSKx7SvywD7VDrJ4qI5utLOCHmh0C9QaOH+nkiwL+XMd3XSx2oiN3up+VevHyuv4SQsiGJFA7Jc5MUcqRCleNCICUoUn+kCE8H0XxGZYIGJ0hDXt/BxqAMTv7x+TKJxKxcLOdekNgDVK1nRtFekOmXTtkz7oVJq3WSIc3ABl3ANNtShBXdwD20gMIFneIFX4834MD6Nr2V0y8hmzmFNxvcPnd+phg==</latexit><latexit sha1_base64="j2JZxLNnzb44j40VQT0hkEfvDm0=">AAACP3icjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMZSwVwgWcLsZDYZMnthZlYIS17B1qex8DF8AjuxtXM2WYIJFv4wcPjPfzhzPjfiTCrLeje2tnd29/ZzB/nDo+OT00LxrCPDWBDaJiEPRc/FknIW0LZiitNeJCj2XU677vQ27XefqJAsDB7VLKKOj8cB8xjBKrUGkWTDQskym41qtVxFtmkthLSjVautnBJk+l98WDRgMApJ7NNAEY6l7NtWpJwEC8UIp/P8IJY0wmSKx7SvywD7VDrJ4qI5utLOCHmh0C9QaOH+nkiwL+XMd3XSx2oiN3up+VevHyuv4SQsiGJFA7Jc5MUcqRCleNCICUoUn+kCE8H0XxGZYIGJ0hDXt/BxqAMTv7x+TKJxKxcLOdekNgDVK1nRtFekOmXTtkz7oVJq3WSIc3ABl3ANNtShBXdwD20gMIFneIFX4834MD6Nr2V0y8hmzmFNxvcPnd+phg==</latexit><latexit sha1_base64="j2JZxLNnzb44j40VQT0hkEfvDm0=">AAACP3icjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMZSwVwgWcLsZDYZMnthZlYIS17B1qex8DF8AjuxtXM2WYIJFv4wcPjPfzhzPjfiTCrLeje2tnd29/ZzB/nDo+OT00LxrCPDWBDaJiEPRc/FknIW0LZiitNeJCj2XU677vQ27XefqJAsDB7VLKKOj8cB8xjBKrUGkWTDQskym41qtVxFtmkthLSjVautnBJk+l98WDRgMApJ7NNAEY6l7NtWpJwEC8UIp/P8IJY0wmSKx7SvywD7VDrJ4qI5utLOCHmh0C9QaOH+nkiwL+XMd3XSx2oiN3up+VevHyuv4SQsiGJFA7Jc5MUcqRCleNCICUoUn+kCE8H0XxGZYIGJ0hDXt/BxqAMTv7x+TKJxKxcLOdekNgDVK1nRtFekOmXTtkz7oVJq3WSIc3ABl3ANNtShBXdwD20gMIFneIFX4834MD6Nr2V0y8hmzmFNxvcPnd+phg==</latexit><latexit sha1_base64="j2JZxLNnzb44j40VQT0hkEfvDm0=">AAACP3icjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMZSwVwgWcLsZDYZMnthZlYIS17B1qex8DF8AjuxtXM2WYIJFv4wcPjPfzhzPjfiTCrLeje2tnd29/ZzB/nDo+OT00LxrCPDWBDaJiEPRc/FknIW0LZiitNeJCj2XU677vQ27XefqJAsDB7VLKKOj8cB8xjBKrUGkWTDQskym41qtVxFtmkthLSjVautnBJk+l98WDRgMApJ7NNAEY6l7NtWpJwEC8UIp/P8IJY0wmSKx7SvywD7VDrJ4qI5utLOCHmh0C9QaOH+nkiwL+XMd3XSx2oiN3up+VevHyuv4SQsiGJFA7Jc5MUcqRCleNCICUoUn+kCE8H0XxGZYIGJ0hDXt/BxqAMTv7x+TKJxKxcLOdekNgDVK1nRtFekOmXTtkz7oVJq3WSIc3ABl3ANNtShBXdwD20gMIFneIFX4834MD6Nr2V0y8hmzmFNxvcPnd+phg==</latexit>

Regularization
⇡i = exp

8
<

:

dX

j=1

�ij log(p̃j)

9
=

;
<latexit sha1_base64="YiVoYAJnxX8NjOTnvH9xPvW2NWo="></latexit><latexit sha1_base64="YiVoYAJnxX8NjOTnvH9xPvW2NWo="></latexit><latexit sha1_base64="YiVoYAJnxX8NjOTnvH9xPvW2NWo="></latexit><latexit sha1_base64="YiVoYAJnxX8NjOTnvH9xPvW2NWo="></latexit>



⌘ = y

r
U1
⌫x

, f(⌘) =
 (x, y)p
⌫U1x

<latexit sha1_base64="gYhtRQFA6cCH/XzXWtRmClqTiCw="></latexit><latexit sha1_base64="yyzzUEee1koABJ+LAqdsw4QzH8g="></latexit><latexit sha1_base64="yyzzUEee1koABJ+LAqdsw4QzH8g="></latexit><latexit sha1_base64="yyzzUEee1koABJ+LAqdsw4QzH8g="></latexit><latexit sha1_base64="yyzzUEee1koABJ+LAqdsw4QzH8g="></latexit><latexit sha1_base64="fK05P08z5qplqcQKXDfEo8eoA1U="></latexit>

Laminar  
boundary layer

 y xy � x yy = ⌫ yyy
<latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="5LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="xG99o/W8SW9n+ElwRZcmqygzpE4=">AAACK3icbVDLSgMxFL3js9aq1a2bYBHcWGaKoBtBcOOygn1AO5RMmmlDM8mQZKTD0B/xS1y61T9w405c+BOm0yK29UDIyTn3cnNPEHOmjeu+O2vrG5tb24Wd4m5pb/+gfFhqapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj26nfeqRKMykeTBpTP8IDwUJGsLFSr3zRrWvWS1F+ZeN0gs5nfDyXUitdo65Ift/ppFeuuFU3B1ol3pxUYI56r/zd7UuSRFQYwrHWHc+NjZ9hZRjhdFLsJprGmIzwgHYsFTii2s/y7Sbo1Cp9FEpljzAoV/92ZDjSOo0CWxlhM9TL3lT8z+skJrzyMybixFBBZoPChCMj0TQq1GeKEsNTSzBRzP4VkSFWmBgb6OIUPpC2YBjV7DI2HW85i1XSrFU9t+rdu1CAYziBM/DgEm7gDurQAAJP8AKv8OY8Ox/O5yzHNWce6BEswPn6AS+8qrA=</latexit><latexit sha1_base64="qJwG3lM+B2iwGXormbCQspUBHvY="></latexit><latexit sha1_base64="7q06Cd8E0G42wogCeeKu7OevOy8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit><latexit sha1_base64="Eu24ObAPeH+MD24UpBgUfmEQXp8="></latexit>

Streamfunction equation

U1
<latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit><latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit><latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit><latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit>

x
<latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit><latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit><latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit><latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit>

y
<latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit><latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit><latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit><latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit>

u(x, y)
<latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit><latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit><latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit><latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit>

plate

f 000(⌘) +
1

2
f 00(⌘)f(⌘) = 0

<latexit sha1_base64="Tvq2NfcHbaAlxKFI4VeWpriSoJk="></latexit><latexit sha1_base64="vx6T/OqHrNCzqfhtvtR94HRlIZw="></latexit><latexit sha1_base64="vx6T/OqHrNCzqfhtvtR94HRlIZw="></latexit><latexit sha1_base64="vx6T/OqHrNCzqfhtvtR94HRlIZw="></latexit><latexit sha1_base64="vx6T/OqHrNCzqfhtvtR94HRlIZw="></latexit><latexit sha1_base64="AT2IYv2DuS9aXLk942yTOel+zSw="></latexit>

f(0) = f 0(0) = 0, f 0(1) = 1
<latexit sha1_base64="vm56vewnnwjUnX9Z2yCSBNn+VP8="></latexit><latexit sha1_base64="vm56vewnnwjUnX9Z2yCSBNn+VP8="></latexit><latexit sha1_base64="vm56vewnnwjUnX9Z2yCSBNn+VP8="></latexit><latexit sha1_base64="vm56vewnnwjUnX9Z2yCSBNn+VP8="></latexit>

Simplified ODE



<latexit sha1_base64="lb9y/+MSLfo7pigqDG2CCkKKhlc="></latexit>

⇡p =
yU0.51

1
x0.49⌫0.51

⇡ ⌘

Results

Blasius scaling Predicted scaling

U1
<latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit><latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit><latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit><latexit sha1_base64="h+IEc+uEtXeFDth8zrZ3+Vn/vVE=">AAACHnicdVBNS8NAEJ34WetXq0cvi0XwFJJiab0V9OCxgmkLbSib7aZdutmE3Y0QQv+EVz34a7yJV/03bj8oVvTBwPDeG2bmBQlnSjvOl7WxubW9s1vYK+4fHB4dl8onbRWnklCPxDyW3QArypmgnmaa024iKY4CTjvB5Gamdx6pVCwWDzpLqB/hkWAhI1gbqusN+kyEOhuUKo593ajVqg5ybWcOZBiDem3FVGCJ1qBsQX8YkzSiQhOOleq5TqL9HEvNCKfTYj9VNMFkgke0Z1qBI6r8fH7wFF0YZojCWJoSGs3ZnxM5jpTKosA4I6zH6rc2I//SeqkOG37ORJJqKshiUZhypGM0+x4NmaRE88w0mEhmbkVkjCUm2mS0voWPYmMYR9X1Z/JknClG1LRoMltF9X/TrtquY7v3V5Xm7TK9ApzBOVyCC3Vowh20wAMCHJ7gGV6sV+vNerc+FtYNazlzCmuwPr8BMumivg==</latexit>

x
<latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit><latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit><latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit><latexit sha1_base64="2LHmnymhx7BIvYbtstCoRPHmzE0=">AAACF3icdVDLSsNAFL3xWeur1aWbwSK4CkmxtO4KunDZgn1AG8pkOmmHziRhZiKG0C9wqwu/xp24denfOH1QrOiBC5dzzuXee/yYM6Ud58va2Nza3tnN7eX3Dw6PjgvFk7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MnNTO88UKlYFN7rNKaewKOQBYxgbajm46BQcuzrWqVSdpBrO3MgwxhUKyumBEs0BkUL+sOIJIKGmnCsVM91Yu1lWGpGOJ3m+4miMSYTPKI904ZYUOVl80un6MIwQxRE0lSo0Zz9OZFhoVQqfOMUWI/Vb21G/qX1Eh3UvIyFcaJpSBaLgoQjHaHZ22jIJCWap6bBRDJzKyJjLDHRJpz1LXwUGcNYlNefyeJxqhhR07zJbBXV/027bLuO7TavSvXbZXo5OINzuAQXqlCHO2hACwhQeIJneLFerTfr3fpYWDes5cwprMH6/AZ0s5+2</latexit>

y
<latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit><latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit><latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit><latexit sha1_base64="beAIZvar1rMVt1C1LfTQBRJ42t8=">AAACF3icdVDJSgNBEK2OW4xbokcvjUHwNMwEQ+ItoAePCZgFkiH0dHqSJj0L3T3CMOQLvOrBr/EmXj36N3YWghF9UFC894qqel4suNK2/YVyW9s7u3v5/cLB4dHxSbF02lFRIilr00hEsucRxQQPWVtzLVgvlowEnmBdb3o717uPTCoehQ86jZkbkHHIfU6JNlQrHRbLtnVTr1YrNnYsewFsGINadc2UYYXmsIRgMIpoErBQU0GU6jt2rN2MSM2pYLPCIFEsJnRKxqxv2pAETLnZ4tIZvjTMCPuRNBVqvGB/TmQkUCoNPOMMiJ6o39qc/EvrJ9qvuxkP40SzkC4X+YnAOsLzt/GIS0a1SE1DqOTmVkwnRBKqTTibW8Q4MoZJUNl8JosnqeJUzQoms3VU/zediuXYltO6LjfuVunl4Rwu4AocqEED7qEJbaDA4Ame4QW9ojf0jj6W1hxazZzBBtDnN3Zmn7c=</latexit>

u(x, y)
<latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit><latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit><latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit><latexit sha1_base64="ZG0JMUUQoNk7Lw+HfR+27RCy97w=">AAACHXicdVDJSgNBEK1xjXFL9OilMQgRJMxMYia5BfTgMYJZIAmhp9NJmvQsdPeIw5CP8KoHv8abeBX/xs4iGNEHBY/3qqiq54acSWWan8ba+sbm1nZqJ727t39wmMkeNWUQCUIbJOCBaLtYUs582lBMcdoOBcWey2nLnVzN/NY9FZIF/p2KQ9rz8MhnQ0aw0lIryj9coPi8n8mZhapTdopVZBYqjl21y5pYl6VixUFWwZwjB0vU+1kDuoOARB71FeFYyo5lhqqXYKEY4XSa7kaShphM8Ih2NPWxR2Uvmd87RWdaGaBhIHT5Cs3VnxMJ9qSMPVd3eliN5W9vJv7ldSI1rPQS5oeRoj5ZLBpGHKkAzZ5HAyYoUTzWBBPB9K2IjLHAROmIVrfwUaAbxp69+kwSjmPJiJymdWbfwaD/SdMuWDrI21Kudr1MLwUncAp5sMCBGtxAHRpAYAKP8ATPxovxarwZ74vWNWM5cwwrMD6+ACMDoZY=</latexit>

plate



Activation 
function

BuckiNet

log()
<latexit sha1_base64="8tpH8qjzHOfprmh3OpXKormkrGY="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit>

�p
<latexit sha1_base64="+tNT+YBMpvAhWM/9d2Wcd+bvHyE="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit>

exp()
<latexit sha1_base64="0bsiYvgiGXajVPD624VaaUkQULM="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit>

<latexit sha1_base64="CF0kEN5RQCLsY67ubdxL0xaPWzM=">AAAB7HicdZDLSgMxFIbP1Futt6pLN8EiuBpmpNR2V3DjsoLTFtqhZNJMG5rJhCQjlKHP4MaFIm59IHe+jemFoqI/BA7ffw45548kZ9p43qdT2Njc2t4p7pb29g8Oj8rHJ22dZorQgKQ8Vd0Ia8qZoIFhhtOuVBQnEaedaHIz9zsPVGmWinszlTRM8EiwmBFsLAr6kg3koFzx3EajUa/XkO96C6ElqXprUoGVWoPyR3+YkiyhwhCOte75njRhjpVhhNNZqZ9pKjGZ4BHt2VLghOowXyw7QxeWDFGcKvuEQQv6fSLHidbTJLKdCTZj/dubw7+8XmbiepgzITNDBVl+FGccmRTNL0dDpigxfGoLTBSzuyIyxgoTY/Mp2RDWt/9ftK9cv+b6d9VK013FUYQzOIdL8OEamnALLQiAAINHeIYXRzhPzqvztmwtOKuZU/gh5/0LU3uO+w==</latexit>⇡p

Input 
Parameters

<latexit sha1_base64="WUNS3WSACBMJ9OVrfqixPz27OnM=">AAAB6HicdZDJSgNBEIZr4hbjFvXopTEInoYZkZjcAl48eEjALJAMoadTk7TpWejuEcKQJ/DiQRGvPpI338bOQlDRHxqK76+iq34/EVxpx/m0cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats++Prmd9+QKl4HN3pSYJeSIcRDzij2qDGbb9YcuxqtVqplIlrO3ORBbl0VqQES9X7xY/eIGZpiJFmgirVdZ1EexmVmjOB00IvVZhQNqZD7JoyoiEqL5svOiVnhgxIEEvzIk3m9PtERkOlJqFvOkOqR+q3N4N/ed1UBxUv41GSaozY4qMgFUTHZHY1GXCJTIuJKSiT3OxK2IhKyrTJpmBCWN3+f9G6sN2y7TYuSzV7GUceTuAUzsGFK6jBDdShCQwQHuEZXqx768l6td4WrTlrOXMMP2S9fwEg4Y0b</latexit>

L

<latexit sha1_base64="zh14IPEr6xJADuLagaM6X3nx2iw=">AAAB6HicdZDLSgMxFIYz9VbrrerSTbAIroYZKbXdFdy4bMFeoB1KJj3TxiaZIckIZegTuHGhiFsfyZ1vY3qhqOgPgcP3n0PO+cOEM20879PJbWxube/kdwt7+weHR8Xjk7aOU0WhRWMeq25INHAmoWWY4dBNFBARcuiEk5u533kApVks78w0gUCQkWQRo8RY1BSDYslza7VatVrBvusthJek7K1JCa3UGBQ/+sOYpgKkoZxo3fO9xAQZUYZRDrNCP9WQEDohI+jZUhIBOsgWi87whSVDHMXKPmnwgn6fyIjQeipC2ymIGevf3hz+5fVSE1WDjMkkNSDp8qMo5djEeH41HjIF1PCpLQhVzO6K6ZgoQo3NpmBDWN/+f9G+cv2K6zfLpbq7iiOPztA5ukQ+ukZ1dIsaqIUoAvSIntGLc+88Oa/O27I156xmTtEPOe9fUuWNPA==</latexit>m

<latexit sha1_base64="6ep+EsVI3gdCTHzeVic7lxbhNy4=">AAAB6HicdZDJSgNBEIZr4hbjFvXopTEInoYZCTG5Bbx4TMAskAyhp1OTtOlZ6O4RwpAn8OJBEa8+kjffxs5CUNEfGorvr6Krfj8RXGnH+bRyG5tb2zv53cLe/sHhUfH4pK3iVDJssVjEsutThYJH2NJcC+wmEmnoC+z4k5u533lAqXgc3elpgl5IRxEPOKPaoOZoUCw5dq1Wq1YrxLWdhciSlJ01KcFKjUHxoz+MWRpipJmgSvVcJ9FeRqXmTOCs0E8VJpRN6Ah7poxoiMrLFovOyIUhQxLE0rxIkwX9PpHRUKlp6JvOkOqx+u3N4V9eL9VB1ct4lKQaI7b8KEgF0TGZX02GXCLTYmoKyiQ3uxI2ppIybbIpmBDWt/9ftK9st2K7zXKpbq/iyMMZnMMluHANdbiFBrSAAcIjPMOLdW89Wa/W27I1Z61mTuGHrPcvSc2NNg==</latexit>g

<latexit sha1_base64="BRy6HoBXOt9n82p1WIjg9Auyatk=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW+Ot6MVjC7YV2lA22027drMJuxuhlP4CLx4U8epP8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZuZXVtfSO/Wdja3tndK+4ftFWcSkJbJOaxvA2wopwJ2tJMc3qbSIqjgNNOML7K/M49lYrF4kZPEupHeChYyAjWRmrqfrHk2Bde1at5KCM1p3qGFkq5jFzbmaMESzT6xffeICZpRIUmHCvVdZ1E+1MsNSOczgq9VNEEkzEe0q6hAkdU+dP5oTN0YpQBCmNpSmg0V79PTHGk1CQKTGeE9Uj99jLxL6+b6tDzp0wkqaaCLBaFKUc6RtnXaMAkJZpPDMFEMnMrIiMsMdEmm4IJ4etT9D9pl223ZlealVL9chlHHo7gGE7BhXOowzU0oAUEKDzAEzxbd9aj9WK9Llpz1nLmEH7AevsEgXSNbg==</latexit>

t

Input-Output map

<latexit sha1_base64="e8P2iK0JAlF/XAdWaY0TM9UoS0w=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBpmRGq7K7hxWcFeoB3KmTRtYzOZIckIZeg7uHGhiFvfx51vY3qhqOgPgcP3n0PO+cNEcG0879PJra1vbG7ltws7u3v7B8XDo6aOU0VZg8YiVu0QNRNcsobhRrB2ohhGoWCtcHw981sPTGkeyzszSVgQ4VDyAadoLGp2USQj7BVLnlutViuVMvFdby6yIJfeipRgqXqv+NHtxzSNmDRUoNYd30tMkKEynAo2LXRTzRKkYxyyji0lRkwH2XzbKTmzpE8GsbJPGjKn3ycyjLSeRKHtjNCM9G9vBv/yOqkZVIKMyyQ1TNLFR4NUEBOT2emkzxWjRkxsgVRxuyuhI1RIjQ2oYENY3f5/0bxw/bLr316Wau4yjjycwCmcgw9XUIMbqEMDKNzDIzzDixM7T86r87ZozTnLmWP4Ief9CwjZj2M=</latexit>↵ 
<latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit>

2. BuckiNet

L
<latexit sha1_base64="UjZRF9o/jV0YDBhnkQHscIFowfQ=">AAACF3icbVDLagJBEOw1L2NemhxzGSKBnJZd8XkJQi455KAQjaCLzI6zOjj7YGY2IItfkGtyyNfkFnLNMX+TUReJkoKGpqqa7i434kwqy/oxMju7e/sH2cPc0fHJ6Vm+cN6VYSwI7ZCQh6LnYkk5C2hHMcVpLxIU+y6nT+70bqE/PVMhWRg8qllEHR+PA+YxgpWm2g/DfNEyG/VKpVRBtmktgTSjUa2umSKkaA0LBgxGIYl9GijCsZR924qUk2ChGOF0nhvEkkaYTPGY9nUbYJ9KJ1leOkfXmhkhLxS6AoWW7N+JBPtSznxXO32sJnJbW5D/af1YeXUnYUEUKxqQ1SIv5kiFaPE2GjFBieIz3WAimL4VkQkWmCgdzuYWPg61YeKXNp9JdIzKxULOdWZbUdXKadOw15l1S6ZtmXa7XGzepull4RKu4AZsqEET7qEFHSBA4QVe4c14Nz6MT+NrZc0Y6cwFbMD4/gWDRqBA</latexit><latexit sha1_base64="0gEIs3j3CxSOygPi306RxwoFS5o=">AAACPHicjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMbCwoC5QLKE2clsMmT2wsysEJY8ga1PY+F72NuJrbWTZAkmWPjDwOE//+HM+dyIM6ks693Y2t7Z3dvPHGQPj45PTnP5s7YMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJPbeb/zRIVkYfCophF1fDwKmMcIVtpq3g9yBcus18rlYhnZprUQ0o5WpbJyCpDqf/FB3oD+MCSxTwNFOJayZ1uRchIsFCOczrL9WNIIkwke0Z4uA+xT6SSLc2boSjtD5IVCv0Chhft7IsG+lFPf1Ukfq7Hc7M3Nv3q9WHk1J2FBFCsakOUiL+ZIhWjOBg2ZoETxqS4wEUz/FZExFpgoTXB9Cx+FOjD2i+vHJJq1crGQM01qA1C1lBZ1e0WqXTRty7SbpULjJkWcgQu4hGuwoQoNuIMHaAEBCs/wAq/Gm/FhfBpfy+iWkc6cw5qM7x+p/agM</latexit><latexit sha1_base64="0gEIs3j3CxSOygPi306RxwoFS5o=">AAACPHicjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMbCwoC5QLKE2clsMmT2wsysEJY8ga1PY+F72NuJrbWTZAkmWPjDwOE//+HM+dyIM6ks693Y2t7Z3dvPHGQPj45PTnP5s7YMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJPbeb/zRIVkYfCophF1fDwKmMcIVtpq3g9yBcus18rlYhnZprUQ0o5WpbJyCpDqf/FB3oD+MCSxTwNFOJayZ1uRchIsFCOczrL9WNIIkwke0Z4uA+xT6SSLc2boSjtD5IVCv0Chhft7IsG+lFPf1Ukfq7Hc7M3Nv3q9WHk1J2FBFCsakOUiL+ZIhWjOBg2ZoETxqS4wEUz/FZExFpgoTXB9Cx+FOjD2i+vHJJq1crGQM01qA1C1lBZ1e0WqXTRty7SbpULjJkWcgQu4hGuwoQoNuIMHaAEBCs/wAq/Gm/FhfBpfy+iWkc6cw5qM7x+p/agM</latexit><latexit sha1_base64="0gEIs3j3CxSOygPi306RxwoFS5o=">AAACPHicjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMbCwoC5QLKE2clsMmT2wsysEJY8ga1PY+F72NuJrbWTZAkmWPjDwOE//+HM+dyIM6ks693Y2t7Z3dvPHGQPj45PTnP5s7YMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJPbeb/zRIVkYfCophF1fDwKmMcIVtpq3g9yBcus18rlYhnZprUQ0o5WpbJyCpDqf/FB3oD+MCSxTwNFOJayZ1uRchIsFCOczrL9WNIIkwke0Z4uA+xT6SSLc2boSjtD5IVCv0Chhft7IsG+lFPf1Ukfq7Hc7M3Nv3q9WHk1J2FBFCsakOUiL+ZIhWjOBg2ZoETxqS4wEUz/FZExFpgoTXB9Cx+FOjD2i+vHJJq1crGQM01qA1C1lBZ1e0WqXTRty7SbpULjJkWcgQu4hGuwoQoNuIMHaAEBCs/wAq/Gm/FhfBpfy+iWkc6cw5qM7x+p/agM</latexit><latexit sha1_base64="0gEIs3j3CxSOygPi306RxwoFS5o=">AAACPHicjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMbCwoC5QLKE2clsMmT2wsysEJY8ga1PY+F72NuJrbWTZAkmWPjDwOE//+HM+dyIM6ks693Y2t7Z3dvPHGQPj45PTnP5s7YMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJPbeb/zRIVkYfCophF1fDwKmMcIVtpq3g9yBcus18rlYhnZprUQ0o5WpbJyCpDqf/FB3oD+MCSxTwNFOJayZ1uRchIsFCOczrL9WNIIkwke0Z4uA+xT6SSLc2boSjtD5IVCv0Chhft7IsG+lFPf1Ukfq7Hc7M3Nv3q9WHk1J2FBFCsakOUiL+ZIhWjOBg2ZoETxqS4wEUz/FZExFpgoTXB9Cx+FOjD2i+vHJJq1crGQM01qA1C1lBZ1e0WqXTRty7SbpULjJkWcgQu4hGuwoQoNuIMHaAEBCs/wAq/Gm/FhfBpfy+iWkc6cw5qM7x+p/agM</latexit><latexit sha1_base64="0gEIs3j3CxSOygPi306RxwoFS5o=">AAACPHicjZC7SgNBFIbPeo3xlmhpMxgEq2U35NpIwMbCwoC5QLKE2clsMmT2wsysEJY8ga1PY+F72NuJrbWTZAkmWPjDwOE//+HM+dyIM6ks693Y2t7Z3dvPHGQPj45PTnP5s7YMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJPbeb/zRIVkYfCophF1fDwKmMcIVtpq3g9yBcus18rlYhnZprUQ0o5WpbJyCpDqf/FB3oD+MCSxTwNFOJayZ1uRchIsFCOczrL9WNIIkwke0Z4uA+xT6SSLc2boSjtD5IVCv0Chhft7IsG+lFPf1Ukfq7Hc7M3Nv3q9WHk1J2FBFCsakOUiL+ZIhWjOBg2ZoETxqS4wEUz/FZExFpgoTXB9Cx+FOjD2i+vHJJq1crGQM01qA1C1lBZ1e0WqXTRty7SbpULjJkWcgQu4hGuwoQoNuIMHaAEBCs/wAq/Gm/FhfBpfy+iWkc6cw5qM7x+p/agM</latexit>

↵(t)
<latexit sha1_base64="nQm4KVptkvKi0BEF4iemNVyXuxs=">AAACH3icbVDLSgNBEOyN7/jWo5fBIOgl7Aaj8SKCF48KxkSSIL2TSTJkZneZ6RXCkq/wqge/xpt49W+cPBATLGhoqqrp7goTJS35/reXW1hcWl5ZXcuvb2xube/s7j3YODVcVHmsYlMP0QolI1ElSUrUEyNQh0rUwv71SK89C2NlHN3TIBEtjd1IdiRHctRjE1XSw2M6edop+MWLSrlcKrOg6I/BHONwdvbLFGCK26ddD5rtmKdaRMQVWtsI/IRaGRqSXIlhvplakSDvY1c0XBuhFraVjS8esiPHtFknNq4iYmP270SG2tqBDp1TI/XsvDYi/9MaKXUqrUxGSUoi4pNFnVQxitnofdaWRnBSA9cgN9LdyngPDXJyIc1uUd3YGXq6NPtM5uKkEI0duszmojo/nTYXwW9mD6Vi4BeDu9PC1eU0vVU4gEM4hgDO4Qpu4BaqwEHDC7zCm/fufXif3tfEmvOmM/swA+/7B5RXo2s=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit><latexit sha1_base64="cvk9xw7VUHH6nTd8kKGchsH+hHw=">AAACRHicjZDLSgNBEEVrfL9NdOmmMQi6CTPBmLiRgBuXCsYHSZCaTidp7J4ZumuEMOQr3Po1LvwH/8GduBU7D8SICy80FLduUV0nTJS05Puv3szs3PzC4tLyyura+sZmLr91ZePUcFHnsYrNTYhWKBmJOklS4iYxAnWoxHV4fzrsXz8IY2UcXVI/ES2N3Uh2JEdy1m0TVdLDfTq4yxX84nG1XC6VWVD0R2LOcTo6+nYKMNH/4nd5D5rtmKdaRMQVWtsI/IRaGRqSXInBSjO1IkF+j13RcGWEWthWNjprwPac02ad2LgXERu5Pycy1Nb2deiSGqlnf/eG5l+9RkqdaiuTUZKSiPh4USdVjGI2ZMTa0ghOqu8K5Ea6vzLeQ4OcHMnpLaobu0BPl6aPyRxzCtHYgSP1C1DlcFIcB9+krkrFwC8GF4eF2skE8RLswC7sQwAVqMEZnEMdOGh4hCd49l68N+/d+xhHZ7zJzDZMyfv8AiXsqzc=</latexit>

g
<latexit sha1_base64="DuvJ2hQE+3F9K5kEOAuk2RTzp18=">AAACF3icbVDJagJBEK0xmzGbJsdcmkggp2FGXC9ByCVHhbiADtLT9mhjz0J3T0AGvyDX5JCvyS3kmmP+Jq0OEiUPCor3XlFVz404k8qyfozM3v7B4VH2OHdyenZ+kS9cdmUYC0I7JOSh6LtYUs4C2lFMcdqPBMW+y2nPnT0s9d4zFZKFwZOaR9Tx8SRgHiNYaao9GeWLltmoVyqlCrJNawWkGY1qdcMUIUVrVDBgOA5J7NNAEY6lHNhWpJwEC8UIp4vcMJY0wmSGJ3Sg2wD7VDrJ6tIFutXMGHmh0BUotGL/TiTYl3Luu9rpYzWVu9qS/E8bxMqrOwkLoljRgKwXeTFHKkTLt9GYCUoUn+sGE8H0rYhMscBE6XC2t/BJqA1Tv7T9TKJjVC4WcqEz24mqVk6bhr3JrFsybcu02+Vi8z5NLwvXcAN3YEMNmvAILegAAQov8ApvxrvxYXwaX2trxkhnrmALxvcvsSegWw==</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit><latexit sha1_base64="o1GdKZe9LyKvuXt2lE58AC/AqUQ=">AAACPHicjZC7SgNBFIbPxluMt0RLm8EgWC27IddGAjaWBswFkiXMTmaTIbMXZmaFsOQJbH0aC9/D3k5srZ0kSzDBwh8GDv/5D2fO50acSWVZ70ZmZ3dv/yB7mDs6Pjk9yxfOOzKMBaFtEvJQ9FwsKWcBbSumOO1FgmLf5bTrTu8W/e4TFZKFwaOaRdTx8ThgHiNYaas1HuaLltmoVyqlCrJNaymkHa1qde0UIdX/4sOCAYNRSGKfBopwLGXftiLlJFgoRjid5waxpBEmUzymfV0G2KfSSZbnzNG1dkbIC4V+gUJL9/dEgn0pZ76rkz5WE7ndW5h/9fqx8upOwoIoVjQgq0VezJEK0YINGjFBieIzXWAimP4rIhMsMFGa4OYWPg51YOKXNo9JNGvlYiHnmtQWoFo5LRr2mlSnZNqWabfKxeZtijgLl3AFN2BDDZpwDw/QBgIUnuEFXo0348P4NL5W0YyRzlzAhozvH9vFqCc=</latexit>m

<latexit sha1_base64="iFP3aXr/XhyFownmeuJbgQaz5WE=">AAACF3icbVDLagJBEOw1L2NemhxzGSKBnGRXfF6CkEuOCvEBusjsOOrgzO4yMxuQxS/INTnka3ILueaYv8moi0RJQUNTVU13lxdyprRt/1ipvf2Dw6P0cebk9Oz8Ipu77KggkoS2ScAD2fOwopz5tK2Z5rQXSoqFx2nXmz0s9e4zlYoF/pOeh9QVeOKzMSNYG6olhtm8XajXyuViGTkFewVkGINKZcPkIUFzmLNgMApIJKivCcdK9R071G6MpWaE00VmECkaYjLDE9o3rY8FVW68unSBbg0zQuNAmvI1WrF/J2IslJoLzzgF1lO1qy3J/7R+pMc1N2Z+GGnqk/WiccSRDtDybTRikhLN56bBRDJzKyJTLDHRJpztLXwSGMNUFLefiU2M2sNSLUxmO1FVS0lTdzaZdYoFxy44rVK+cZ+kl4ZruIE7cKAKDXiEJrSBAIUXeIU36936sD6tr7U1ZSUzV7AF6/sXu1mgYQ==</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit><latexit sha1_base64="l0mNSGK8KgawjD4tHjEQCBpcL3A=">AAACPHicjZC7agJBFIbPmpsxN03KNEMkkEp2xWsThDQpI8QL6CKz46iDM7vLzGxAFp8gbZ4mRd4jfbqQNnVGXSRKivwwcPjPfzhzPi/kTGnbfrdSO7t7+wfpw8zR8cnpWTZ33lZBJAltkYAHsuthRTnzaUszzWk3lBQLj9OON71b9DtPVCoW+I96FlJX4LHPRoxgbaymGGTzdqFeK5eLZeQU7KWQcYwqlbWTh0T/iw9yFvSHAYkE9TXhWKmeY4fajbHUjHA6z/QjRUNMpnhMe6b0saDKjZfnzNG1cYZoFEjzfI2W7u+JGAulZsIzSYH1RG33FuZfvV6kRzU3Zn4YaeqT1aJRxJEO0IINGjJJieYzU2AimfkrIhMsMdGG4OYWPg5MYCKKm8fEhrX2sFRzQ2oLULWUFHVnTapdLDh2wWmW8o3bBHEaLuEKbsCBKjTgHh6gBQQoPMMLvFpv1of1aX2toikrmbmADVnfP+bVqC0=</latexit>

Pendulum

Dimensionless loss
Lnull = kDp�pk

<latexit sha1_base64="hiVKYIWRS3asD9OuXJgfjg3Ax1M="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit>

• Works without dimensionless loss

• Trivial: has a unique null-space solution

�p = [�0.0025, 1.000,�0.9867,�1.9948]
<latexit sha1_base64="M0SEODEfDJZRJTUnZZAHAJ3+9so="></latexit><latexit sha1_base64="M0SEODEfDJZRJTUnZZAHAJ3+9so="></latexit><latexit sha1_base64="M0SEODEfDJZRJTUnZZAHAJ3+9so="></latexit><latexit sha1_base64="M0SEODEfDJZRJTUnZZAHAJ3+9so="></latexit>

<latexit sha1_base64="jw1qVbU/p6amRq/8hMXUhRSNUSE=">AAACAHicdZDLSsNAFIYn9VbrLerChZvBIrgKSSm1XQgFNy5cVLAXaGKYTCft0EkyzEyEErLxVdy4UMStj+HOt3F6oajoDwOH7z+HM+cPOKNS2fanUVhZXVvfKG6WtrZ3dvfM/YOOTFKBSRsnLBG9AEnCaEzaiipGelwQFAWMdIPx5dTv3hMhaRLfqgknXoSGMQ0pRkoj3zyCLqc+hxfQDQXC2VDdVfLsOvfNsm01Go16vQYdy54JzknVXpIyWKjlmx/uIMFpRGKFGZKy79hceRkSimJG8pKbSsIRHqMh6esyRhGRXjY7IIenmgxgmAj9YgVn9PtEhiIpJ1GgOyOkRvK3N4V/ef1UhXUvozFPFYnxfFGYMqgSOE0DDqggWLGJLhAWVP8V4hHSQSidWUmHsLz9/6JTsZya5dxUy83qIo4iOAYn4Aw44Bw0wRVogTbAIAeP4Bm8GA/Gk/FqvM1bC8Zi5hD8kPH+BSwhliI=</latexit>

⇡p =
gt2

L

<latexit sha1_base64="L4T9/7FNC6TS0wRGB6jiciBObdc="></latexit>

↵(t) = ↵0 cos(
p
⇡p + ✓)

Minimize L(�p) = k⇧q �  (exp (log(P )�p))k22 + �kDp�pk22 + reg.
<latexit sha1_base64="J6NRQoAh1PLfy1HmqD7b3RGcJYM="></latexit><latexit sha1_base64="J6NRQoAh1PLfy1HmqD7b3RGcJYM="></latexit><latexit sha1_base64="J6NRQoAh1PLfy1HmqD7b3RGcJYM="></latexit><latexit sha1_base64="J6NRQoAh1PLfy1HmqD7b3RGcJYM="></latexit><latexit sha1_base64="J6NRQoAh1PLfy1HmqD7b3RGcJYM="></latexit><latexit sha1_base64="J6NRQoAh1PLfy1HmqD7b3RGcJYM="></latexit>

Dimensionless 
Loss



mRẍ = �bẋ�mg sin(x) +mR!2 sin(x) cos(x)
<latexit sha1_base64="EfsEqn/BxvxNzdxfuLJOoeePge8="></latexit><latexit sha1_base64="aJW8vM8k4cIWjIwvDsaeKQ7nAXM="></latexit><latexit sha1_base64="aJW8vM8k4cIWjIwvDsaeKQ7nAXM="></latexit><latexit sha1_base64="aJW8vM8k4cIWjIwvDsaeKQ7nAXM="></latexit><latexit sha1_base64="aJW8vM8k4cIWjIwvDsaeKQ7nAXM="></latexit><latexit sha1_base64="aJW8vM8k4cIWjIwvDsaeKQ7nAXM="></latexit>

� =
R!2

g
, " =

m2gR

b2
<latexit sha1_base64="qf4X5Azp16Svgi7eX2DdCwB0f3U="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit>

"ẍ = �ẋ� sin(x) + � sin(x) cos(x)
<latexit sha1_base64="hyTp8sdUkhMW4r0+3Uv0BCHp0Oc="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit>

Non-dimensionalize

<latexit sha1_base64="A87lFOiJYeGdfcmy6lBllqNhFOk=">AAAB+XicdVDLTgIxFO3gC/GFunTTSEyMi8mAgOOO6MYlRnkkMJJO6UBD25m0HSOZ8Alude3OuPVrXPondgATMXqSm5ycc2/uvcePGFXacT6szNLyyupadj23sbm1vZPf3WuqMJaYNHDIQtn2kSKMCtLQVDPSjiRB3Gek5Y8uU791T6SiobjV44h4HA0EDShG2kg3D3cnvXzBsc/dilt1YUqqTuUUzpRSCRZtZ4oCmKPey392+yGOOREaM6RUp+hE2kuQ1BQzMsl1Y0UihEdoQDqGCsSJ8pLpqRN4ZJQ+DEJpSmg4VX9OJIgrNea+6eRID9VvLxX/8jqxDlwvoSKKNRF4tiiIGdQhTP+GfSoJ1mxsCMKSmlshHiKJsDbpLGzx+cRk8v04/J80S3axapevy4XaxTydLDgAh+AYFMEZqIErUAcNgMEAPIIn8Gwl1ov1ar3NWjPWfGYfLMB6/wJUVJSk</latexit>

x⇤

pitchfork 
bifurcation

m
<latexit sha1_base64="PfzWkAVKJyrQOQEfE8o7q32Q+0E=">AAACK3icbZFLSwMxEMez9VXrq1VvXoJF8FR2S5+3ihePLdgHtKXMpmkbmuwuSVZYloJ3r/ox/DSeFK9+D9MHxRb/MDD8ZsLM/OMGnClt259WYmd3b/8geZg6Oj45PUtnzlvKDyWhTeJzX3ZcUJQzjzY105x2AklBuJy23en9vN5+olIx33vUUUD7AsYeGzEC2qCGGKSzdq5aKRbzRezk7IWwIUal0ppk0Ur1Qca67A19EgrqacJBqa5jB7ofg9SMcDpL9UJFAyBTGNOuST0QVPXjxaYzfGPIEI98acLTeEH/vohBKBUJ13QK0BO1XZvD/2rdUI8q/Zh5QaipR5aDRiHH2sfzs/GQSUo0j0wCRDKzKyYTkEC0MWdzCh/7pmEi8pvHxMZG7YJUmxSkhGiWMj5u2VcurJKqs/axlc85ds5pFLK1u+elo0l0ha7RLXJQGdXQA6qjJiKIohf0it6sd+vD+rK+l60Ja/ULF2hD1s8vOPio/A==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit>

x
<latexit sha1_base64="dlaAXaAgKzx1G+cLPMhJnMeTqro=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd484DAHvXvUxfBpPilffw86COMEfCoqvqqmqv52AM6lM88NIbW3v7O6l9zMHh0fHJ9ncaUf6oSC0TXzui54DknLm0bZiitNeICi4DqddZ3a7qHcfqJDM9+5VFFDbhYnHxoyA0qj1OMzmzUK9Vi4Xy9gqmEthTbQqlV+SR2s1hznjfDDySehSTxEOUvYtM1B2DEIxwuk8MwglDYDMYEL7OvXApdKOl5vO8ZUmIzz2hQ5P4SX9+yIGV8rIdXSnC2oqN2sL+F+tH6pxzY6ZF4SKemQ1aBxyrHy8OBuPmKBE8UgnQATTu2IyBQFEaXOSU/jE1w1Tt5g8JtY2KgeETFIQAqJ5Rvu4YV+1tE7q1q+PnWLBMgtWq5Rv3DytHE2jC3SJrpGFqqiB7lATtRFBFD2jF/RqvBnvxqfxtWpNGetfOEMJGd8/TIWpBw==</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit>

R
<latexit sha1_base64="jsxmpZPoVgu+xhfVYByL3Ksbgjs=">AAACK3icbZFLSwMxEMez9VXrq1VvXoJF8LTslj5vFS8eW7G10JYym2bb0OyDJCssS8G7V/0YfhpPile/h+mDYot/GBh+M2Fm/nFCzqSyrE8jtbW9s7uX3s8cHB4dn2Rzp20ZRILQFgl4IDoOSMqZT1uKKU47oaDgOZw+OpPbWf3xiQrJAv9BxSHtezDymcsIKI2a94Ns3jJr1VKpUMK2ac2FNdEql1ckj5ZqDHLGeW8YkMijviIcpOzaVqj6CQjFCKfTTC+SNAQygRHt6tQHj8p+Mt90iq80GWI3EDp8hef074sEPCljz9GdHqix3KzN4H+1bqTcaj9hfhgp6pPFIDfiWAV4djYeMkGJ4rFOgAimd8VkDAKI0uasT+GjQDeMvcL6MYm2UTkg5DoFISCeZrSPG/ZVisukZq98bBdM2zLtZjFfv3leOJpGF+gSXSMbVVAd3aEGaiGCKHpBr+jNeDc+jC/je9GaMpa/cIbWZPz8Agj7qOE=</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit>

!
<latexit sha1_base64="Ty5TwSxLhqNT1pEAGnRwS/Alebo="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit>

b
<latexit sha1_base64="QCF5fgr1AQZPyBT1gS/SSEvyUpI=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd48wDAHvXvUxfBpPilffw85CcII/FBRfVVNVfzsBZ1KZ5qeR2tnd2z9IH2aOjk9Oz7K58470Q0Fom/jcFz0HJOXMo23FFKe9QFBwHU67zux+Ue8+USGZ7z2qKKC2CxOPjRkBpVHLGWbzZqFeK5eLZWwVzKWwJlqVyobk0VrNYc64HIx8ErrUU4SDlH3LDJQdg1CMcDrPDEJJAyAzmNC+Tj1wqbTj5aZzfKPJCI99ocNTeEn/vojBlTJyHd3pgprK7doC/lfrh2pcs2PmBaGiHlkNGoccKx8vzsYjJihRPNIJEMH0rphMQQBR2pzkFD7xdcPULSaPibWNygEhkxSEgGie0T5u2VctrZO6tfGxUyxYZsFqlfKNu+eVo2l0ha7RLbJQFTXQA2qiNiKIohf0it6Md+PD+DK+V60pY/0LFygh4+cXJWuo8Q==</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit>

g
<latexit sha1_base64="8V4Y/UWcQaSVhlmmj5lOS8xEgH8=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd48wDAHvXvUxfBpPilffw85CcII/FBRfVVNVfzsBZ1KZ5qeR2tnd2z9IH2aOjk9Oz7K58470Q0Fom/jcFz0HJOXMo23FFKe9QFBwHU67zux+Ue8+USGZ7z2qKKC2CxOPjRkBpVFrMszmzUK9Vi4Xy9gqmEthTbQqlQ3Jo7Waw5xxORj5JHSppwgHKfuWGSg7BqEY4XSeGYSSBkBmMKF9nXrgUmnHy03n+EaTER77Qoen8JL+fRGDK2XkOrrTBTWV27UF/K/WD9W4ZsfMC0JFPbIaNA45Vj5enI1HTFCieKQTIILpXTGZggCitDnJKXzi64apW0weE2sblQNCJikIAdE8o33csq9aWid1a+Njp1iwzILVKuUbd88rR9PoCl2jW2ShKmqgB9REbUQQRS/oFb0Z78aH8WV8r1pTxvoXLlBCxs8vLk6o9g==</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit>

Bead on rotating hoop

x⇤ = ± arccos(�)
<latexit sha1_base64="sQtUJGIKPNJlylM4Su7tmWLcTaw="></latexit><latexit sha1_base64="nkmNhVtjBRpc6WxqMY100qsUwFE="></latexit><latexit sha1_base64="nkmNhVtjBRpc6WxqMY100qsUwFE="></latexit><latexit sha1_base64="nkmNhVtjBRpc6WxqMY100qsUwFE="></latexit><latexit sha1_base64="nkmNhVtjBRpc6WxqMY100qsUwFE="></latexit><latexit sha1_base64="nkmNhVtjBRpc6WxqMY100qsUwFE="></latexit>

For , we have two extra 

fixed points at

γ > 1



SVD

Input 
Parameters

m
<latexit sha1_base64="PfzWkAVKJyrQOQEfE8o7q32Q+0E=">AAACK3icbZFLSwMxEMez9VXrq1VvXoJF8FR2S5+3ihePLdgHtKXMpmkbmuwuSVZYloJ3r/ox/DSeFK9+D9MHxRb/MDD8ZsLM/OMGnClt259WYmd3b/8geZg6Oj45PUtnzlvKDyWhTeJzX3ZcUJQzjzY105x2AklBuJy23en9vN5+olIx33vUUUD7AsYeGzEC2qCGGKSzdq5aKRbzRezk7IWwIUal0ppk0Ur1Qca67A19EgrqacJBqa5jB7ofg9SMcDpL9UJFAyBTGNOuST0QVPXjxaYzfGPIEI98acLTeEH/vohBKBUJ13QK0BO1XZvD/2rdUI8q/Zh5QaipR5aDRiHH2sfzs/GQSUo0j0wCRDKzKyYTkEC0MWdzCh/7pmEi8pvHxMZG7YJUmxSkhGiWMj5u2VcurJKqs/axlc85ds5pFLK1u+elo0l0ha7RLXJQGdXQA6qjJiKIohf0it6sd+vD+rK+l60Ja/ULF2hD1s8vOPio/A==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit>

R
<latexit sha1_base64="jsxmpZPoVgu+xhfVYByL3Ksbgjs=">AAACK3icbZFLSwMxEMez9VXrq1VvXoJF8LTslj5vFS8eW7G10JYym2bb0OyDJCssS8G7V/0YfhpPile/h+mDYot/GBh+M2Fm/nFCzqSyrE8jtbW9s7uX3s8cHB4dn2Rzp20ZRILQFgl4IDoOSMqZT1uKKU47oaDgOZw+OpPbWf3xiQrJAv9BxSHtezDymcsIKI2a94Ns3jJr1VKpUMK2ac2FNdEql1ckj5ZqDHLGeW8YkMijviIcpOzaVqj6CQjFCKfTTC+SNAQygRHt6tQHj8p+Mt90iq80GWI3EDp8hef074sEPCljz9GdHqix3KzN4H+1bqTcaj9hfhgp6pPFIDfiWAV4djYeMkGJ4rFOgAimd8VkDAKI0uasT+GjQDeMvcL6MYm2UTkg5DoFISCeZrSPG/ZVisukZq98bBdM2zLtZjFfv3leOJpGF+gSXSMbVVAd3aEGaiGCKHpBr+jNeDc+jC/je9GaMpa/cIbWZPz8Agj7qOE=</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit>

b
<latexit sha1_base64="QCF5fgr1AQZPyBT1gS/SSEvyUpI=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd48wDAHvXvUxfBpPilffw85CcII/FBRfVVNVfzsBZ1KZ5qeR2tnd2z9IH2aOjk9Oz7K58470Q0Fom/jcFz0HJOXMo23FFKe9QFBwHU67zux+Ue8+USGZ7z2qKKC2CxOPjRkBpVHLGWbzZqFeK5eLZWwVzKWwJlqVyobk0VrNYc64HIx8ErrUU4SDlH3LDJQdg1CMcDrPDEJJAyAzmNC+Tj1wqbTj5aZzfKPJCI99ocNTeEn/vojBlTJyHd3pgprK7doC/lfrh2pcs2PmBaGiHlkNGoccKx8vzsYjJihRPNIJEMH0rphMQQBR2pzkFD7xdcPULSaPibWNygEhkxSEgGie0T5u2VctrZO6tfGxUyxYZsFqlfKNu+eVo2l0ha7RLbJQFTXQA2qiNiKIohf0it6Md+PD+DK+V60pY/0LFygh4+cXJWuo8Q==</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit>

g
<latexit sha1_base64="8V4Y/UWcQaSVhlmmj5lOS8xEgH8=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd48wDAHvXvUxfBpPilffw85CcII/FBRfVVNVfzsBZ1KZ5qeR2tnd2z9IH2aOjk9Oz7K58470Q0Fom/jcFz0HJOXMo23FFKe9QFBwHU67zux+Ue8+USGZ7z2qKKC2CxOPjRkBpVFrMszmzUK9Vi4Xy9gqmEthTbQqlQ3Jo7Waw5xxORj5JHSppwgHKfuWGSg7BqEY4XSeGYSSBkBmMKF9nXrgUmnHy03n+EaTER77Qoen8JL+fRGDK2XkOrrTBTWV27UF/K/WD9W4ZsfMC0JFPbIaNA45Vj5enI1HTFCieKQTIILpXTGZggCitDnJKXzi64apW0weE2sblQNCJikIAdE8o33csq9aWid1a+Njp1iwzILVKuUbd88rR9PoCl2jW2ShKmqgB9REbUQQRS/oFb0Z78aH8WV8r1pTxvoXLlBCxs8vLk6o9g==</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit>

!
<latexit sha1_base64="Ty5TwSxLhqNT1pEAGnRwS/Alebo="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit>

⇡p1
<latexit sha1_base64="BeXOh6PKybsWV/XFtwVwacSOj7w="></latexit><latexit sha1_base64="Mk2kRAuW4AaoCHJhMzWlNFbirYQ="></latexit><latexit sha1_base64="Mk2kRAuW4AaoCHJhMzWlNFbirYQ="></latexit><latexit sha1_base64="Mk2kRAuW4AaoCHJhMzWlNFbirYQ="></latexit><latexit sha1_base64="Mk2kRAuW4AaoCHJhMzWlNFbirYQ="></latexit><latexit sha1_base64="Mk2kRAuW4AaoCHJhMzWlNFbirYQ="></latexit>

⇡p2
<latexit sha1_base64="0oBZEgVPu0X2PzANTSmE5utcxhk="></latexit><latexit sha1_base64="WkXi644EtVem3aQ6gPP/oSgBcWo="></latexit><latexit sha1_base64="WkXi644EtVem3aQ6gPP/oSgBcWo="></latexit><latexit sha1_base64="WkXi644EtVem3aQ6gPP/oSgBcWo="></latexit><latexit sha1_base64="WkXi644EtVem3aQ6gPP/oSgBcWo="></latexit><latexit sha1_base64="WkXi644EtVem3aQ6gPP/oSgBcWo="></latexit>

Time 
modes

v1
<latexit sha1_base64="89Ghk7DzSHZjgZ1YyeXYyDiven8=">AAACLXicbZDJSgNBEIZ74hbjlqg3L41B8BRmQtZbQA8eI5oFkhBqOj2TJj0L3T2BYcgjeNXH8Gk8COLV17CzEEzwh4Liqyqq6rdDzqQyzU8jtbO7t3+QPswcHZ+cnmVz520ZRILQFgl4ILo2SMqZT1uKKU67oaDg2Zx27MndvN6ZUiFZ4D+rOKQDD1yfOYyA0uhpOrSG2bxZqNfK5WIZWwVzIayJVqWyJnm0UnOYMy77o4BEHvUV4SBlzzJDNUhAKEY4nWX6kaQhkAm4tKdTHzwqB8ni1hm+0WSEnUDo8BVe0L8TCXhSxp6tOz1QY7ldm8P/ar1IObVBwvwwUtQny0VOxLEK8PxxPGKCEsVjnQARTN+KyRgEEKXt2dzC3UA3jL3i5jOJNlLZIOQmBSEgnmW0j1v2VUurpG6tfWwXC5ZZsB5L+cb9ytE0ukLX6BZZqIoa6AE1UQsR5KIX9IrejHfjw/gyvpetKWM1c4E2ZPz8Am94qSw=</latexit><latexit sha1_base64="bKOAmn33uDHgxQau7qDFwCi8EJo="></latexit><latexit sha1_base64="bKOAmn33uDHgxQau7qDFwCi8EJo="></latexit><latexit sha1_base64="bKOAmn33uDHgxQau7qDFwCi8EJo="></latexit><latexit sha1_base64="bKOAmn33uDHgxQau7qDFwCi8EJo="></latexit><latexit sha1_base64="bKOAmn33uDHgxQau7qDFwCi8EJo="></latexit>

v2
<latexit sha1_base64="tdrP7rinHBeNGicqVmHayRpGsWU=">AAACLXicbZDJSgNBEIZ74hbjlqg3L41B8BRmQtZbQA8eI5oFkhBqOj2TJj0L3T2BYcgjeNXH8Gk8COLV17CzEEzwh4Liqyqq6rdDzqQyzU8jtbO7t3+QPswcHZ+cnmVz520ZRILQFgl4ILo2SMqZT1uKKU67oaDg2Zx27MndvN6ZUiFZ4D+rOKQDD1yfOYyA0uhpOiwOs3mzUK+Vy8UytgrmQlgTrUplTfJopeYwZ1z2RwGJPOorwkHKnmWGapCAUIxwOsv0I0lDIBNwaU+nPnhUDpLFrTN8o8kIO4HQ4Su8oH8nEvCkjD1bd3qgxnK7Nof/1XqRcmqDhPlhpKhPlouciGMV4PnjeMQEJYrHOgEimL4VkzEIIErbs7mFu4FuGHvFzWcSbaSyQchNCkJAPMtoH7fsq5ZWSd1a+9guFiyzYD2W8o37laNpdIWu0S2yUBU10ANqohYiyEUv6BW9Ge/Gh/FlfC9bU8Zq5gJtyPj5BXE/qS0=</latexit><latexit sha1_base64="Fi3FkAuoGKSRkGWCSXVMEdbgiTg="></latexit><latexit sha1_base64="Fi3FkAuoGKSRkGWCSXVMEdbgiTg="></latexit><latexit sha1_base64="Fi3FkAuoGKSRkGWCSXVMEdbgiTg="></latexit><latexit sha1_base64="Fi3FkAuoGKSRkGWCSXVMEdbgiTg="></latexit><latexit sha1_base64="Fi3FkAuoGKSRkGWCSXVMEdbgiTg="></latexit>

v3
<latexit sha1_base64="NEKaKsRb4t72lPc5cAMhC3ajx14=">AAACLXicbZDJSgNBEIZ74hbjlqg3L41B8BRmYtZbQA8eIxoTSEKo6fRMmvQsdPcEhiGP4FUfw6fxIIhXX8POQjDBHwqKr6qoqt8OOZPKND+N1Nb2zu5eej9zcHh0fJLNnT7LIBKEtkjAA9GxQVLOfNpSTHHaCQUFz+a0bY9vZ/X2hArJAv9JxSHte+D6zGEElEaPk8HNIJs3C/VauVwsY6tgzoU10apUViSPlmoOcsZ5bxiQyKO+Ihyk7FpmqPoJCMUIp9NML5I0BDIGl3Z16oNHZT+Z3zrFV5oMsRMIHb7Cc/p3IgFPytizdacHaiQ3azP4X60bKafWT5gfRor6ZLHIiThWAZ49jodMUKJ4rBMggulbMRmBAKK0PetbuBvohpFXXH8m0UYqG4RcpyAExNOM9nHDvmppmdStlY/PxYJlFqyHUr5xt3Q0jS7QJbpGFqqiBrpHTdRCBLnoBb2iN+Pd+DC+jO9Fa8pYzpyhNRk/v3MGqS4=</latexit><latexit sha1_base64="WtA9aB1SeOZ44VtbAygCYJ+y8PM="></latexit><latexit sha1_base64="WtA9aB1SeOZ44VtbAygCYJ+y8PM="></latexit><latexit sha1_base64="WtA9aB1SeOZ44VtbAygCYJ+y8PM="></latexit><latexit sha1_base64="WtA9aB1SeOZ44VtbAygCYJ+y8PM="></latexit><latexit sha1_base64="WtA9aB1SeOZ44VtbAygCYJ+y8PM="></latexit>

Activation 
function

BuckiNet

Dimensionless loss

log()
<latexit sha1_base64="8tpH8qjzHOfprmh3OpXKormkrGY="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit><latexit sha1_base64="9RpGAJfLQpD3xFLa8hWW2F/hqJA="></latexit>

Lnull = kDp�pk
<latexit sha1_base64="hiVKYIWRS3asD9OuXJgfjg3Ax1M="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit><latexit sha1_base64="+lGjQZd6+fK+uzjqOWq48jcsLQg="></latexit>

�p
<latexit sha1_base64="+tNT+YBMpvAhWM/9d2Wcd+bvHyE="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit><latexit sha1_base64="DksNJQAsNTK3UBl6h8w3powwB5w="></latexit>

exp()
<latexit sha1_base64="0bsiYvgiGXajVPD624VaaUkQULM="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit><latexit sha1_base64="X4OPuUg1Duwf62Ps5rNJBs+d9Zw="></latexit>

Output
2

6664

�x(t;p1)�
�x(t;p2)�

...
�x(t;pn)�

3

7775

<latexit sha1_base64="1jD6+Jx0nERa9FW1+dJis7eEcPI="></latexit><latexit sha1_base64="aPRX4XNKu9ImkAnZGHuUqlhQEe8="></latexit><latexit sha1_base64="aPRX4XNKu9ImkAnZGHuUqlhQEe8="></latexit><latexit sha1_base64="aPRX4XNKu9ImkAnZGHuUqlhQEe8="></latexit><latexit sha1_base64="aPRX4XNKu9ImkAnZGHuUqlhQEe8="></latexit><latexit sha1_base64="jshLLms3zfuq7FMZEFdhhDMglP0=">AAACHHicbZDLSsNAFIYnXmus2oI7N4NFcFWSbnQpuHFZwV6gDeVkMmmHziXMTIQQ+gJufQyfxp36NE4vC9N6YODn/89wzvnijDNjg+Db29s/ODw6rp34p3X/7PyiUe8blWtCe0RxpYcxGMqZpD3LLKfDTFMQMaeDeP64zAevVBum5IstMhoJmEqWMgLWWd1JoxW0g1XhXRFuRAttatL0LseJIrmg0hIOxozCILNRCdoywunCH+eGZkDmMKUjJyUIaqJytecC3zgnwanS7kmLV+7fHyUIYwoRu04Bdma2s6X5XzbKbXoflUxmuaWSrAelOcdW4eXROGGaEssLJ4Bo5nbFZAYaiHVoqlP4VLmGmehUjykdRBuDNlUXtIZi4TuM4Ta0XdHvtMOgHT4HqIau0DW6RSG6Qw/oCXVRDxGUoDf07n14n97XGveet+HeRJXyfn4BN8ak0w==</latexit><latexit sha1_base64="bHjtBZVpjpRNvaVtiXD2G4XP+cw="></latexit><latexit sha1_base64="uB+3wjEEO/cDQTE80mLfz1iq314="></latexit><latexit sha1_base64="R+gwH3x0UUzPRPPTj6XgiJgGTGQ="></latexit><latexit sha1_base64="alWazhCQMwzF1llERCGhxe80CS8="></latexit><latexit sha1_base64="alWazhCQMwzF1llERCGhxe80CS8="></latexit><latexit sha1_base64="1jD6+Jx0nERa9FW1+dJis7eEcPI="></latexit><latexit sha1_base64="3Qrj33KuNkqKA6TTqgcZIssyi4Y="></latexit><latexit sha1_base64="3Qrj33KuNkqKA6TTqgcZIssyi4Y="></latexit><latexit sha1_base64="3Qrj33KuNkqKA6TTqgcZIssyi4Y="></latexit><latexit sha1_base64="3Qrj33KuNkqKA6TTqgcZIssyi4Y="></latexit>

�p m R b g !
�(⇡p1) 0.0011 1 0.0001 -0.997 1.99
�(⇡p2) 1.99 1 -1.99 0.998 0.002

<latexit sha1_base64="TbqKAHBaL2Ha3hx+l2o5n0cNsOM="></latexit><latexit sha1_base64="oSCigoS5i9hFsmmGVbcjE3qeBKI="></latexit><latexit sha1_base64="oSCigoS5i9hFsmmGVbcjE3qeBKI="></latexit><latexit sha1_base64="oSCigoS5i9hFsmmGVbcjE3qeBKI="></latexit><latexit sha1_base64="oSCigoS5i9hFsmmGVbcjE3qeBKI="></latexit><latexit sha1_base64="jshLLms3zfuq7FMZEFdhhDMglP0=">AAACHHicbZDLSsNAFIYnXmus2oI7N4NFcFWSbnQpuHFZwV6gDeVkMmmHziXMTIQQ+gJufQyfxp36NE4vC9N6YODn/89wzvnijDNjg+Db29s/ODw6rp34p3X/7PyiUe8blWtCe0RxpYcxGMqZpD3LLKfDTFMQMaeDeP64zAevVBum5IstMhoJmEqWMgLWWd1JoxW0g1XhXRFuRAttatL0LseJIrmg0hIOxozCILNRCdoywunCH+eGZkDmMKUjJyUIaqJytecC3zgnwanS7kmLV+7fHyUIYwoRu04Bdma2s6X5XzbKbXoflUxmuaWSrAelOcdW4eXROGGaEssLJ4Bo5nbFZAYaiHVoqlP4VLmGmehUjykdRBuDNlUXtIZi4TuM4Ta0XdHvtMOgHT4HqIau0DW6RSG6Qw/oCXVRDxGUoDf07n14n97XGveet+HeRJXyfn4BN8ak0w==</latexit><latexit sha1_base64="1fGZrc6cOSRO2qTtL7S3ZgBHiz0="></latexit><latexit sha1_base64="w2IrG6V53YUL09N9yHTbiUNqEPw="></latexit><latexit sha1_base64="0mMaNoajgl+S7PyBGQGUIwLh+0o="></latexit><latexit sha1_base64="Oq7dFyVTh1T1FcfaS5Hx71NrqSQ="></latexit><latexit sha1_base64="Oq7dFyVTh1T1FcfaS5Hx71NrqSQ="></latexit><latexit sha1_base64="TbqKAHBaL2Ha3hx+l2o5n0cNsOM="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit><latexit sha1_base64="jshLLms3zfuq7FMZEFdhhDMglP0=">AAACHHicbZDLSsNAFIYnXmus2oI7N4NFcFWSbnQpuHFZwV6gDeVkMmmHziXMTIQQ+gJufQyfxp36NE4vC9N6YODn/89wzvnijDNjg+Db29s/ODw6rp34p3X/7PyiUe8blWtCe0RxpYcxGMqZpD3LLKfDTFMQMaeDeP64zAevVBum5IstMhoJmEqWMgLWWd1JoxW0g1XhXRFuRAttatL0LseJIrmg0hIOxozCILNRCdoywunCH+eGZkDmMKUjJyUIaqJytecC3zgnwanS7kmLV+7fHyUIYwoRu04Bdma2s6X5XzbKbXoflUxmuaWSrAelOcdW4eXROGGaEssLJ4Bo5nbFZAYaiHVoqlP4VLmGmehUjykdRBuDNlUXtIZi4TuM4Ta0XdHvtMOgHT4HqIau0DW6RSG6Qw/oCXVRDxGUoDf07n14n97XGveet+HeRJXyfn4BN8ak0w==</latexit><latexit sha1_base64="1fGZrc6cOSRO2qTtL7S3ZgBHiz0="></latexit><latexit sha1_base64="w2IrG6V53YUL09N9yHTbiUNqEPw="></latexit><latexit sha1_base64="0mMaNoajgl+S7PyBGQGUIwLh+0o="></latexit><latexit sha1_base64="Oq7dFyVTh1T1FcfaS5Hx71NrqSQ="></latexit><latexit sha1_base64="Oq7dFyVTh1T1FcfaS5Hx71NrqSQ="></latexit><latexit sha1_base64="TbqKAHBaL2Ha3hx+l2o5n0cNsOM="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit><latexit sha1_base64="K+qJnu7hmXiwSaPBKHpTkt7nQmY="></latexit>

�
<latexit sha1_base64="pt+Kwrahoa0BYoNQkKb2rkpwZQ8="></latexit><latexit sha1_base64="96pgjze+XO6Cwvj046SCAwlrzEI="></latexit><latexit sha1_base64="96pgjze+XO6Cwvj046SCAwlrzEI="></latexit><latexit sha1_base64="96pgjze+XO6Cwvj046SCAwlrzEI="></latexit><latexit sha1_base64="96pgjze+XO6Cwvj046SCAwlrzEI="></latexit><latexit sha1_base64="96pgjze+XO6Cwvj046SCAwlrzEI="></latexit>

"
<latexit sha1_base64="Fq8GNMvW0wRF6DhXC1Q6VgY6kB0="></latexit><latexit sha1_base64="C2+eAx2ACTCOVshRO6NU2NV6Wt8="></latexit><latexit sha1_base64="C2+eAx2ACTCOVshRO6NU2NV6Wt8="></latexit><latexit sha1_base64="C2+eAx2ACTCOVshRO6NU2NV6Wt8="></latexit><latexit sha1_base64="C2+eAx2ACTCOVshRO6NU2NV6Wt8="></latexit><latexit sha1_base64="C2+eAx2ACTCOVshRO6NU2NV6Wt8="></latexit>

Input-Output map

 
<latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit><latexit sha1_base64="ezgg7ZCwsz+Xpvg+eJKWXdLcMms=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCLlxWsLXQDiWTZjqhyWRIMkIZunXpVj/Cnbj1P/wGf8JMW4otHrhwOedc7r3HjxlV2nG+rdzW9s7uXn6/cHB4dHxSPD3rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefQnN5n++ESkoiJ60NOYeByNIxpQjHRGDWJFh8WSYzcb1Wq5Cl3bmQMaxqBWWzElsER7WPwZjAROOIk0ZkipvuvE2kuR1BQzMisMEkVihCdoTPqmjRAnykvnt87glWFGMBDSVKThnP07kSKu1JT7xsmRDtWmlpH/af1EBw0vpVGcaBLhxaIgYVALmD0OR1QSrNnUNAhLam6FOEQSYW3iWd/CxsIYQl42z5h0NkKpV5ZN012l0y3brmO795VS63aZUx5cgEtwDVxQBy1wB9qgAzAIwQt4BW/Ws/VufVifC2vOWs6cgzVYX7+TUJll</latexit>

� =
R!2

g
, " =

m2gR

b2
<latexit sha1_base64="qf4X5Azp16Svgi7eX2DdCwB0f3U="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit><latexit sha1_base64="PX88XSrfqkSAwLXNBw97wwhefNQ="></latexit>

m
<latexit sha1_base64="PfzWkAVKJyrQOQEfE8o7q32Q+0E=">AAACK3icbZFLSwMxEMez9VXrq1VvXoJF8FR2S5+3ihePLdgHtKXMpmkbmuwuSVZYloJ3r/ox/DSeFK9+D9MHxRb/MDD8ZsLM/OMGnClt259WYmd3b/8geZg6Oj45PUtnzlvKDyWhTeJzX3ZcUJQzjzY105x2AklBuJy23en9vN5+olIx33vUUUD7AsYeGzEC2qCGGKSzdq5aKRbzRezk7IWwIUal0ppk0Ur1Qca67A19EgrqacJBqa5jB7ofg9SMcDpL9UJFAyBTGNOuST0QVPXjxaYzfGPIEI98acLTeEH/vohBKBUJ13QK0BO1XZvD/2rdUI8q/Zh5QaipR5aDRiHH2sfzs/GQSUo0j0wCRDKzKyYTkEC0MWdzCh/7pmEi8pvHxMZG7YJUmxSkhGiWMj5u2VcurJKqs/axlc85ds5pFLK1u+elo0l0ha7RLXJQGdXQA6qjJiKIohf0it6sd+vD+rK+l60Ja/ULF2hD1s8vOPio/A==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit><latexit sha1_base64="WTMW7nnnA37oJE0Vbt4u9kR7/dE=">AAACUHicjZDLSgMxFIbP1Fsdb626cxMsgqsyU6xtdxU3Li1YFWqRM2mmDSYzQ5IRylBw79an8THc+SbuNL1YrLjwh5DDd/5wcv4gEVwbz3t3ckvLK6tr+XV3Y3Nre6dQ3L3Wcaooa9NYxOo2QM0Ej1jbcCPYbaIYykCwm+DhfNy/eWRK8zi6MsOEdSX2Ix5yisailrwvlLxyo16tVqrEL3sTEUusTk/npAQz/c9+X3T273oxTSWLDBWodcf3EtPNUBlOBRu5d6lmCdIH7LOOLSOUTHezyTojcmRJj4SxsicyZEJ/vshQaj2UgXVKNAP9uzeGf/U6qQnr3YxHSWpYRKeDwlQQE5NxNqTHFaNGDG2BVHH7V0IHqJAam+DiFNGPrWEgK4vLZDZrE6DSixSVwuHIten9Cq12Misa/jy960rZ98p+66TUPHuaxp6HAziEY/ChBk24gEtoAwUGz/ACr86b8+F85pyp9fuGPVhQzv0CzTCuyg==</latexit>

x
<latexit sha1_base64="dlaAXaAgKzx1G+cLPMhJnMeTqro=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd484DAHvXvUxfBpPilffw86COMEfCoqvqqmqv52AM6lM88NIbW3v7O6l9zMHh0fHJ9ncaUf6oSC0TXzui54DknLm0bZiitNeICi4DqddZ3a7qHcfqJDM9+5VFFDbhYnHxoyA0qj1OMzmzUK9Vi4Xy9gqmEthTbQqlV+SR2s1hznjfDDySehSTxEOUvYtM1B2DEIxwuk8MwglDYDMYEL7OvXApdKOl5vO8ZUmIzz2hQ5P4SX9+yIGV8rIdXSnC2oqN2sL+F+tH6pxzY6ZF4SKemQ1aBxyrHy8OBuPmKBE8UgnQATTu2IyBQFEaXOSU/jE1w1Tt5g8JtY2KgeETFIQAqJ5Rvu4YV+1tE7q1q+PnWLBMgtWq5Rv3DytHE2jC3SJrpGFqqiB7lATtRFBFD2jF/RqvBnvxqfxtWpNGetfOEMJGd8/TIWpBw==</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit><latexit sha1_base64="udIZPP3vcoq8XnWxqOEy19wE3ws=">AAACUHicjZDLSgMxFIbP1Pt4v+zcBIvgapgpvehOceNSwbZCW8qZNG2DmcyQZMQyFNy79Wl8DHe+iTtNL4otLvwh5PCdP5ycP0wE18b3353cwuLS8srqmru+sbm1vbO7V9Nxqiir0ljE6i5EzQSXrGq4EewuUQyjULB6eH856tcfmNI8lrdmkLBWhD3Ju5yisejmsb2T972z01KpUCKB549FLLEql39IHqb6n7296xw0OzFNIyYNFah1I/AT08pQGU4FG7rNVLME6T32WMOWEiOmW9l4nSE5tqRDurGyRxoypr9fZBhpPYhC64zQ9PV8bwT/6jVS0z1tZVwmqWGSTgZ1U0FMTEbZkA5XjBoxsAVSxe1fCe2jQmpsgrNTRC+2hn5UmF0ms1mbEJWepagUDoauTW8utEpxWpwFP+nVCl7ge8FNMX9+8TSJfRUO4QhOIIAKnMMVXEMVKDB4hhd4dd6cD+cz50ys3zfsw4xy7hfiVK7V</latexit>

R
<latexit sha1_base64="jsxmpZPoVgu+xhfVYByL3Ksbgjs=">AAACK3icbZFLSwMxEMez9VXrq1VvXoJF8LTslj5vFS8eW7G10JYym2bb0OyDJCssS8G7V/0YfhpPile/h+mDYot/GBh+M2Fm/nFCzqSyrE8jtbW9s7uX3s8cHB4dn2Rzp20ZRILQFgl4IDoOSMqZT1uKKU47oaDgOZw+OpPbWf3xiQrJAv9BxSHtezDymcsIKI2a94Ns3jJr1VKpUMK2ac2FNdEql1ckj5ZqDHLGeW8YkMijviIcpOzaVqj6CQjFCKfTTC+SNAQygRHt6tQHj8p+Mt90iq80GWI3EDp8hef074sEPCljz9GdHqix3KzN4H+1bqTcaj9hfhgp6pPFIDfiWAV4djYeMkGJ4rFOgAimd8VkDAKI0uasT+GjQDeMvcL6MYm2UTkg5DoFISCeZrSPG/ZVisukZq98bBdM2zLtZjFfv3leOJpGF+gSXSMbVVAd3aEGaiGCKHpBr+jNeDc+jC/je9GaMpa/cIbWZPz8Agj7qOE=</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit><latexit sha1_base64="dGVTJ2dCfQFgsYjniZAuwJ5igN8=">AAACUHicjZDLSgMxFIbP1Fut98vOTbAIrspMab3sKm5cWrG1UAc5k6ZtMJkZkoxQhoJ7tz6Nj+HON3Gn6cXiFBf+EHL4zh9Ozh/Egmvjuh9ObmFxaXklv1pYW9/Y3Nre2W3qKFGUNWgkItUKUDPBQ9Yw3AjWihVDGQh2Fzxejvp3T0xpHoW3ZhAzX2Iv5F1O0VhUv3nYLrql87NqtVwlXskdi1hidXIyI0WY6n/2hx1n/74T0USy0FCBWrc9NzZ+ispwKtiwcJ9oFiN9xB5r2zJEybSfjtcZkiNLOqQbKXtCQ8b094sUpdYDGVinRNPX870R/KvXTkz3zE95GCeGhXQyqJsIYiIyyoZ0uGLUiIEtkCpu/0poHxVSYxPMThG9yBr6spxdJrVZmwCVzlJUCgfDgk1vLrTTyrQ492bpNcslzy159UqxdvE8iT0PB3AIx+DBKdTgCq6hARQYvMArvDnvzqfzlXMm1p8b9iCjXOEbmUyurw==</latexit>

!
<latexit sha1_base64="Ty5TwSxLhqNT1pEAGnRwS/Alebo="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit><latexit sha1_base64="c4hVgCWjtQP0zGzEByqBQUHX1Hg="></latexit>

b
<latexit sha1_base64="QCF5fgr1AQZPyBT1gS/SSEvyUpI=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd48wDAHvXvUxfBpPilffw85CcII/FBRfVVNVfzsBZ1KZ5qeR2tnd2z9IH2aOjk9Oz7K58470Q0Fom/jcFz0HJOXMo23FFKe9QFBwHU67zux+Ue8+USGZ7z2qKKC2CxOPjRkBpVHLGWbzZqFeK5eLZWwVzKWwJlqVyobk0VrNYc64HIx8ErrUU4SDlH3LDJQdg1CMcDrPDEJJAyAzmNC+Tj1wqbTj5aZzfKPJCI99ocNTeEn/vojBlTJyHd3pgprK7doC/lfrh2pcs2PmBaGiHlkNGoccKx8vzsYjJihRPNIJEMH0rphMQQBR2pzkFD7xdcPULSaPibWNygEhkxSEgGie0T5u2VctrZO6tfGxUyxYZsFqlfKNu+eVo2l0ha7RLbJQFTXQA2qiNiKIohf0it6Md+PD+DK+V60pY/0LFygh4+cXJWuo8Q==</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit><latexit sha1_base64="bmF43lRob6J/lonWQ9rURtssQgU=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qC620tn7Vy1Uizmi8TJ2XMRQ4xKpRXJwlL/s/cy1nmnH9DIY76mApVqO3aouzFKzalg01QnUixEOsYha5vSR4+pbjxfZ0quDOmTQSDN8TWZ098vYvSUmniucXqoR2qzN4N/9dqRHlS6MffDSDOfLgYNIkF0QGbZkD6XjGoxMQVSyc1fCR2hRKpNgutTxDAwhpGXX18mNllrF6VapyglTqYpk95GaOXCsqg6q/Sa+Zxj55x6IVu7eV7EnoQLuIRrcKAMNbiDe2gABQYv8Apv1rv1aX0lrIX154YzWFMi9Q24DK6/</latexit>

g
<latexit sha1_base64="8V4Y/UWcQaSVhlmmj5lOS8xEgH8=">AAACK3icbZHJSgNBEIZ74hbjlqg3L41B8BRmQtZbxIvHBMwCyRBqOp2kSc9Cd48wDAHvXvUxfBpPilffw85CcII/FBRfVVNVfzsBZ1KZ5qeR2tnd2z9IH2aOjk9Oz7K58470Q0Fom/jcFz0HJOXMo23FFKe9QFBwHU67zux+Ue8+USGZ7z2qKKC2CxOPjRkBpVFrMszmzUK9Vi4Xy9gqmEthTbQqlQ3Jo7Waw5xxORj5JHSppwgHKfuWGSg7BqEY4XSeGYSSBkBmMKF9nXrgUmnHy03n+EaTER77Qoen8JL+fRGDK2XkOrrTBTWV27UF/K/WD9W4ZsfMC0JFPbIaNA45Vj5enI1HTFCieKQTIILpXTGZggCitDnJKXzi64apW0weE2sblQNCJikIAdE8o33csq9aWid1a+Njp1iwzILVKuUbd88rR9PoCl2jW2ShKmqgB9REbUQQRS/oFb0Z78aH8WV8r1pTxvoXLlBCxs8vLk6o9g==</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit><latexit sha1_base64="DmCFiPNC90ZmT3FrZjsrLwwq0po=">AAACUHicjZBLS0JBFMfPtZfZS6tdmyEJWsm94nNntGmZkBqoyLnjqINzH8zMDeQitG/bp+ljtOubtKvxkaS06A/DHH7nP5w5fzcUXGnb/rASW9s7u3vJ/dTB4dHxSTpz2lRBJClr0EAE8tFFxQT3WUNzLdhjKBl6rmAtd3w767eemFQ88B/0JGRdD4c+H3CK2qD6sJfO2rlqpVjMF4mTs+cihhiVSiuShaX+Z+9lrPNOP6CRx3xNBSrVduxQd2OUmlPBpqlOpFiIdIxD1jaljx5T3Xi+zpRcGdIng0Ca42syp79fxOgpNfFc4/RQj9Rmbwb/6rUjPah0Y+6HkWY+XQwaRILogMyyIX0uGdViYgqkkpu/EjpCiVSbBNeniGFgDCMvv75MbLLWLkq1TlFKnExTJr2N0MqFZVF1Vuk18znHzjn1QrZ287yIPQkXcAnX4EAZanAH99AACgxe4BXerHfr0/pKWAvrzw1nsKZE6hvBqK7E</latexit>

Bead on rotating hoop



Physically meaningful equations are dimensionally homogeneous

+ + +=

+ + +=1 1.1 0.9 2.9 0.1
Divide by first 

apple

Ignore≈

Navier-Stokes Equation
<latexit sha1_base64="p2VaANZ4jpPvynpVtTuKshEq8lE="></latexit>

@u

@t
+

1

St
(u ·r)u =

1

Re
r2u�rp



⇥
⇡q,⇡

2
q,⇡

3
q, . . .

⇤
<latexit sha1_base64="lWRDOhUEToovsiNGaJgK5Ph/k+o="></latexit><latexit sha1_base64="lWRDOhUEToovsiNGaJgK5Ph/k+o="></latexit><latexit sha1_base64="lWRDOhUEToovsiNGaJgK5Ph/k+o="></latexit><latexit sha1_base64="lWRDOhUEToovsiNGaJgK5Ph/k+o="></latexit>

⇥
⇡0.5

p ,⇡p,⇡
2
p, . . .

⇤
<latexit sha1_base64="p01usvSsQ8Gy1bMg+9JBZ/ybSKM="></latexit><latexit sha1_base64="p01usvSsQ8Gy1bMg+9JBZ/ybSKM="></latexit><latexit sha1_base64="p01usvSsQ8Gy1bMg+9JBZ/ybSKM="></latexit><latexit sha1_base64="p01usvSsQ8Gy1bMg+9JBZ/ybSKM="></latexit>

⌅̌, �̌ = argmin
⌅,�

LSINDy (⇡p(p;�),⇡q(q;�), T (p,�);⌅)
<latexit sha1_base64="pgKsIUpGuLrW25Q3v7Qbj/hINk0="></latexit><latexit sha1_base64="9e6cY3V24BaXrcdNWgvSQmABuCY="></latexit><latexit sha1_base64="9e6cY3V24BaXrcdNWgvSQmABuCY="></latexit><latexit sha1_base64="9e6cY3V24BaXrcdNWgvSQmABuCY="></latexit><latexit sha1_base64="9e6cY3V24BaXrcdNWgvSQmABuCY="></latexit><latexit sha1_base64="9e6cY3V24BaXrcdNWgvSQmABuCY="></latexit>

3. Dimensionless SINDy

d⇡q

dt
⌘ 1

T

d⇡q

d⌧
= F(⇡q;⇡p) = g(⇡p)⌦ ⇥̂(⇡q, T )

<latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit>

d⇡q

dt
⌘ 1

T

d⇡q

d⌧
= F(⇡q;⇡p) = g(⇡p)⌦ ⇥̂(⇡q, T )

<latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit><latexit sha1_base64="sMo1YsllSWoPp4zxzz6voBpP2qA="></latexit>

⌅
<latexit sha1_base64="8lehNl5WHjLhBO9M+Yb/CW1xK4w=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCq5CUPncFXbisYB/QhDKZTNuhk0yYmQgl9CtcutWPcCdu/QK/wZ9w0pZiiweGuZxzLvfe48eMSmXb30ZuZ3dv/yB/WDg6PjktmmfnXckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+9DbTe09ESMqjRzWLiReicURHFCOlqaFZdH3OAjkL9QfdPh2aJdtqNqrVchU6lr0A1IxGrbZmSmCF9tD8cQOOk5BECjMk5cCxY+WlSCiKGZkX3ESSGOEpGpOBLiMUEumli8Xn8FozARxxoV+k4IL925GiUGa7aWeI1ERuaxn5nzZI1KjhpTSKE0UivBw0ShhUHGYpwIAKghWb6QJhQfWuEE+QQFjprDansDHXhklY1sfodLZCqVdWRdNZp9MtW45tOQ+VUutulVMeXIIrcAMcUActcA/aoAMwSMALeAVvxrPxbnwYn0trzlj1XIANGF+/gmqeLA==</latexit><latexit sha1_base64="8lehNl5WHjLhBO9M+Yb/CW1xK4w=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCq5CUPncFXbisYB/QhDKZTNuhk0yYmQgl9CtcutWPcCdu/QK/wZ9w0pZiiweGuZxzLvfe48eMSmXb30ZuZ3dv/yB/WDg6PjktmmfnXckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+9DbTe09ESMqjRzWLiReicURHFCOlqaFZdH3OAjkL9QfdPh2aJdtqNqrVchU6lr0A1IxGrbZmSmCF9tD8cQOOk5BECjMk5cCxY+WlSCiKGZkX3ESSGOEpGpOBLiMUEumli8Xn8FozARxxoV+k4IL925GiUGa7aWeI1ERuaxn5nzZI1KjhpTSKE0UivBw0ShhUHGYpwIAKghWb6QJhQfWuEE+QQFjprDansDHXhklY1sfodLZCqVdWRdNZp9MtW45tOQ+VUutulVMeXIIrcAMcUActcA/aoAMwSMALeAVvxrPxbnwYn0trzlj1XIANGF+/gmqeLA==</latexit><latexit sha1_base64="8lehNl5WHjLhBO9M+Yb/CW1xK4w=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCq5CUPncFXbisYB/QhDKZTNuhk0yYmQgl9CtcutWPcCdu/QK/wZ9w0pZiiweGuZxzLvfe48eMSmXb30ZuZ3dv/yB/WDg6PjktmmfnXckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+9DbTe09ESMqjRzWLiReicURHFCOlqaFZdH3OAjkL9QfdPh2aJdtqNqrVchU6lr0A1IxGrbZmSmCF9tD8cQOOk5BECjMk5cCxY+WlSCiKGZkX3ESSGOEpGpOBLiMUEumli8Xn8FozARxxoV+k4IL925GiUGa7aWeI1ERuaxn5nzZI1KjhpTSKE0UivBw0ShhUHGYpwIAKghWb6QJhQfWuEE+QQFjprDansDHXhklY1sfodLZCqVdWRdNZp9MtW45tOQ+VUutulVMeXIIrcAMcUActcA/aoAMwSMALeAVvxrPxbnwYn0trzlj1XIANGF+/gmqeLA==</latexit><latexit sha1_base64="8lehNl5WHjLhBO9M+Yb/CW1xK4w=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCq5CUPncFXbisYB/QhDKZTNuhk0yYmQgl9CtcutWPcCdu/QK/wZ9w0pZiiweGuZxzLvfe48eMSmXb30ZuZ3dv/yB/WDg6PjktmmfnXckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+9DbTe09ESMqjRzWLiReicURHFCOlqaFZdH3OAjkL9QfdPh2aJdtqNqrVchU6lr0A1IxGrbZmSmCF9tD8cQOOk5BECjMk5cCxY+WlSCiKGZkX3ESSGOEpGpOBLiMUEumli8Xn8FozARxxoV+k4IL925GiUGa7aWeI1ERuaxn5nzZI1KjhpTSKE0UivBw0ShhUHGYpwIAKghWb6QJhQfWuEE+QQFjprDansDHXhklY1sfodLZCqVdWRdNZp9MtW45tOQ+VUutulVMeXIIrcAMcUActcA/aoAMwSMALeAVvxrPxbnwYn0trzlj1XIANGF+/gmqeLA==</latexit><latexit sha1_base64="8lehNl5WHjLhBO9M+Yb/CW1xK4w=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCq5CUPncFXbisYB/QhDKZTNuhk0yYmQgl9CtcutWPcCdu/QK/wZ9w0pZiiweGuZxzLvfe48eMSmXb30ZuZ3dv/yB/WDg6PjktmmfnXckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+9DbTe09ESMqjRzWLiReicURHFCOlqaFZdH3OAjkL9QfdPh2aJdtqNqrVchU6lr0A1IxGrbZmSmCF9tD8cQOOk5BECjMk5cCxY+WlSCiKGZkX3ESSGOEpGpOBLiMUEumli8Xn8FozARxxoV+k4IL925GiUGa7aWeI1ERuaxn5nzZI1KjhpTSKE0UivBw0ShhUHGYpwIAKghWb6QJhQfWuEE+QQFjprDansDHXhklY1sfodLZCqVdWRdNZp9MtW45tOQ+VUutulVMeXIIrcAMcUActcA/aoAMwSMALeAVvxrPxbnwYn0trzlj1XIANGF+/gmqeLA==</latexit><latexit sha1_base64="8lehNl5WHjLhBO9M+Yb/CW1xK4w=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCq5CUPncFXbisYB/QhDKZTNuhk0yYmQgl9CtcutWPcCdu/QK/wZ9w0pZiiweGuZxzLvfe48eMSmXb30ZuZ3dv/yB/WDg6PjktmmfnXckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+9DbTe09ESMqjRzWLiReicURHFCOlqaFZdH3OAjkL9QfdPh2aJdtqNqrVchU6lr0A1IxGrbZmSmCF9tD8cQOOk5BECjMk5cCxY+WlSCiKGZkX3ESSGOEpGpOBLiMUEumli8Xn8FozARxxoV+k4IL925GiUGa7aWeI1ERuaxn5nzZI1KjhpTSKE0UivBw0ShhUHGYpwIAKghWb6QJhQfWuEE+QQFjprDansDHXhklY1sfodLZCqVdWRdNZp9MtW45tOQ+VUutulVMeXIIrcAMcUActcA/aoAMwSMALeAVvxrPxbnwYn0trzlj1XIANGF+/gmqeLA==</latexit>

LSINDy(⇡q,⇡p, T ;⌅) =

����
1

T

d⇡q

d⌧
� g(⇡p)⌦ ⇥̂(⇡q, T )⌅

����
2

2

+ � k⌅k0
<latexit sha1_base64="Y2UiZTvcvhBE/26qZabDZkj8Mb0="></latexit><latexit sha1_base64="Y2UiZTvcvhBE/26qZabDZkj8Mb0="></latexit><latexit sha1_base64="Y2UiZTvcvhBE/26qZabDZkj8Mb0="></latexit><latexit sha1_base64="Y2UiZTvcvhBE/26qZabDZkj8Mb0="></latexit>





"ẍ = �ẋ� sin(x) + � sin(x) cos(x)
<latexit sha1_base64="hyTp8sdUkhMW4r0+3Uv0BCHp0Oc="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit><latexit sha1_base64="2FKUN0huhlfwdtTZ+f9p8Wm2oWU="></latexit>



<latexit sha1_base64="OBM2f4jjmsgqYQmU6IvmieXxAmY="></latexit>

⇡1 =
b2

Rgm2
=

1

✏
, ⇡2 =

!2g2

m2g2
=

�

✏Discovered groups

d2x

d⌧2
= �0.96⇡1

dx

d⌧
� 0.94⇡1x+ ⇡2(0.86x� 0.34x3)

<latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="5LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="3Xp7/5D11YL5nWZlZ29d0JIcTIU="></latexit><latexit sha1_base64="8FnBH7elLRrqOPrLClB//VX5GKE="></latexit><latexit sha1_base64="wIrQ246ykBRNbmfImqWXNczyu14="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit><latexit sha1_base64="kAB+a8Izzb6BQJnoxFY2lcWEgb4="></latexit>

Cubic polynomial library

d2x

d⌧2
= �0.96⇡1

dx

d⌧
� 0.94⇡1(x� 0.16x3 + 0.01x5) + ⇡2(x� 0.66x3 + 0.13x5 � 0.01x7)

<latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="5LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="bsgYz6E1XxG5lfJ/Qx0UP88ZD6I="></latexit><latexit sha1_base64="HXenPwjudPoXaSYDBmtk+Ivmn3o="></latexit><latexit sha1_base64="sscw9HAbXM/ScM9Lff1eI3PiasM="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit><latexit sha1_base64="AhAawjod2zJqUOl8YM0Jz31Gr8k="></latexit>

Septic polynomial library



@u

@t
+ (u ·r)u = �⇢�1

0 rp+ ⌫r2u� g↵(T � T0)

r · u = 0

@T

@t
+ (u ·r)T = r2T,

<latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="5LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="dMwIqhBqcp10mCRLu8/C9vP3aUI="></latexit><latexit sha1_base64="gh4DscZB9PWrXTjF8nzCWo/Z+ec="></latexit><latexit sha1_base64="b69gngwV8+bKeyWpfHidUvun2sE="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit><latexit sha1_base64="SVXi4+p5tcvmyAYKxo9DuMrpF5U="></latexit>

T0
<latexit sha1_base64="qxZZNlPoDi9+Ah7/R6uWSxYaxnw=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GjLF0ror6MJlxbYW2qFk0sw0NJMMSUYoQ5cu3epHuBO3fojf4E+YPihW9MCFyznncu89QcKZNgh9Orm19Y3Nrfx2YWd3b/+geHjU1jJVhLaI5FJ1AqwpZ4K2DDOcdhJFcRxweh+Mrqb6/QNVmknRNOOE+jGOBAsZwcZSd80+6hdLyL2sVSplBD0XzQAtY1GtLJkSWKDRL371BpKkMRWGcKx110OJ8TOsDCOcTgq9VNMEkxGOaNe2AsdU+9ns1Ak8s8wAhlLZEgbO2J8TGY61HseBdcbYDPVvbUr+pXVTE9b8jIkkNVSQ+aIw5dBIOP0bDpiixPCxbTBRzN4KyRArTIxNZ3ULj6Q1DOOyfcamswzl/6Zddj3kercXpfr1Iqc8OAGn4Bx4oArq4AY0QAsQEIEn8AxenEfn1Xlz3ufWnLOYOQYrcD6+AQHEmDY=</latexit><latexit sha1_base64="qxZZNlPoDi9+Ah7/R6uWSxYaxnw=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GjLF0ror6MJlxbYW2qFk0sw0NJMMSUYoQ5cu3epHuBO3fojf4E+YPihW9MCFyznncu89QcKZNgh9Orm19Y3Nrfx2YWd3b/+geHjU1jJVhLaI5FJ1AqwpZ4K2DDOcdhJFcRxweh+Mrqb6/QNVmknRNOOE+jGOBAsZwcZSd80+6hdLyL2sVSplBD0XzQAtY1GtLJkSWKDRL371BpKkMRWGcKx110OJ8TOsDCOcTgq9VNMEkxGOaNe2AsdU+9ns1Ak8s8wAhlLZEgbO2J8TGY61HseBdcbYDPVvbUr+pXVTE9b8jIkkNVSQ+aIw5dBIOP0bDpiixPCxbTBRzN4KyRArTIxNZ3ULj6Q1DOOyfcamswzl/6Zddj3kercXpfr1Iqc8OAGn4Bx4oArq4AY0QAsQEIEn8AxenEfn1Xlz3ufWnLOYOQYrcD6+AQHEmDY=</latexit><latexit sha1_base64="qxZZNlPoDi9+Ah7/R6uWSxYaxnw=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GjLF0ror6MJlxbYW2qFk0sw0NJMMSUYoQ5cu3epHuBO3fojf4E+YPihW9MCFyznncu89QcKZNgh9Orm19Y3Nrfx2YWd3b/+geHjU1jJVhLaI5FJ1AqwpZ4K2DDOcdhJFcRxweh+Mrqb6/QNVmknRNOOE+jGOBAsZwcZSd80+6hdLyL2sVSplBD0XzQAtY1GtLJkSWKDRL371BpKkMRWGcKx110OJ8TOsDCOcTgq9VNMEkxGOaNe2AsdU+9ns1Ak8s8wAhlLZEgbO2J8TGY61HseBdcbYDPVvbUr+pXVTE9b8jIkkNVSQ+aIw5dBIOP0bDpiixPCxbTBRzN4KyRArTIxNZ3ULj6Q1DOOyfcamswzl/6Zddj3kercXpfr1Iqc8OAGn4Bx4oArq4AY0QAsQEIEn8AxenEfn1Xlz3ufWnLOYOQYrcD6+AQHEmDY=</latexit><latexit sha1_base64="qxZZNlPoDi9+Ah7/R6uWSxYaxnw=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GjLF0ror6MJlxbYW2qFk0sw0NJMMSUYoQ5cu3epHuBO3fojf4E+YPihW9MCFyznncu89QcKZNgh9Orm19Y3Nrfx2YWd3b/+geHjU1jJVhLaI5FJ1AqwpZ4K2DDOcdhJFcRxweh+Mrqb6/QNVmknRNOOE+jGOBAsZwcZSd80+6hdLyL2sVSplBD0XzQAtY1GtLJkSWKDRL371BpKkMRWGcKx110OJ8TOsDCOcTgq9VNMEkxGOaNe2AsdU+9ns1Ak8s8wAhlLZEgbO2J8TGY61HseBdcbYDPVvbUr+pXVTE9b8jIkkNVSQ+aIw5dBIOP0bDpiixPCxbTBRzN4KyRArTIxNZ3ULj6Q1DOOyfcamswzl/6Zddj3kercXpfr1Iqc8OAGn4Bx4oArq4AY0QAsQEIEn8AxenEfn1Xlz3ufWnLOYOQYrcD6+AQHEmDY=</latexit>

T0 +�T
<latexit sha1_base64="KGwjxsdC8WudbvQkNuDuZ98z8Cw=">AAACDnicdVDLSgMxFM3UV62vqks3wSIIwjBTLK27gl24rNAXtGPJpJk2NI8hyQhl6D+4dKsf4U7c+gt+gz9h+kCs6IHA4ZxzuTcnjBnVxvM+nMza+sbmVnY7t7O7t3+QPzxqaZkoTJpYMqk6IdKEUUGahhpGOrEiiIeMtMPx9cxv3xOlqRQNM4lJwNFQ0IhiZKx01+h78AL2aoQZBBv9fMFzryqlUtGDvuvNAa1iUS59KwWwRL2f/+wNJE44EQYzpHXX92ITpEgZihmZ5nqJJjHCYzQkXUsF4kQH6fzqKTyzygBGUtknDJyrPydSxLWe8NAmOTIj/dubiX953cRElSClIk4MEXixKEoYNBLOKoADqgg2bGIJworaWyEeIYWwsUWtbmFDaQMjXrSfse18l/I/aRVd33P928tCtbbsKQtOwCk4Bz4ogyq4AXXQBBgo8AiewLPz4Lw4r87bIppxljPHYAXO+xfDz5vJ</latexit><latexit sha1_base64="KGwjxsdC8WudbvQkNuDuZ98z8Cw=">AAACDnicdVDLSgMxFM3UV62vqks3wSIIwjBTLK27gl24rNAXtGPJpJk2NI8hyQhl6D+4dKsf4U7c+gt+gz9h+kCs6IHA4ZxzuTcnjBnVxvM+nMza+sbmVnY7t7O7t3+QPzxqaZkoTJpYMqk6IdKEUUGahhpGOrEiiIeMtMPx9cxv3xOlqRQNM4lJwNFQ0IhiZKx01+h78AL2aoQZBBv9fMFzryqlUtGDvuvNAa1iUS59KwWwRL2f/+wNJE44EQYzpHXX92ITpEgZihmZ5nqJJjHCYzQkXUsF4kQH6fzqKTyzygBGUtknDJyrPydSxLWe8NAmOTIj/dubiX953cRElSClIk4MEXixKEoYNBLOKoADqgg2bGIJworaWyEeIYWwsUWtbmFDaQMjXrSfse18l/I/aRVd33P928tCtbbsKQtOwCk4Bz4ogyq4AXXQBBgo8AiewLPz4Lw4r87bIppxljPHYAXO+xfDz5vJ</latexit><latexit sha1_base64="KGwjxsdC8WudbvQkNuDuZ98z8Cw=">AAACDnicdVDLSgMxFM3UV62vqks3wSIIwjBTLK27gl24rNAXtGPJpJk2NI8hyQhl6D+4dKsf4U7c+gt+gz9h+kCs6IHA4ZxzuTcnjBnVxvM+nMza+sbmVnY7t7O7t3+QPzxqaZkoTJpYMqk6IdKEUUGahhpGOrEiiIeMtMPx9cxv3xOlqRQNM4lJwNFQ0IhiZKx01+h78AL2aoQZBBv9fMFzryqlUtGDvuvNAa1iUS59KwWwRL2f/+wNJE44EQYzpHXX92ITpEgZihmZ5nqJJjHCYzQkXUsF4kQH6fzqKTyzygBGUtknDJyrPydSxLWe8NAmOTIj/dubiX953cRElSClIk4MEXixKEoYNBLOKoADqgg2bGIJworaWyEeIYWwsUWtbmFDaQMjXrSfse18l/I/aRVd33P928tCtbbsKQtOwCk4Bz4ogyq4AXXQBBgo8AiewLPz4Lw4r87bIppxljPHYAXO+xfDz5vJ</latexit><latexit sha1_base64="KGwjxsdC8WudbvQkNuDuZ98z8Cw=">AAACDnicdVDLSgMxFM3UV62vqks3wSIIwjBTLK27gl24rNAXtGPJpJk2NI8hyQhl6D+4dKsf4U7c+gt+gz9h+kCs6IHA4ZxzuTcnjBnVxvM+nMza+sbmVnY7t7O7t3+QPzxqaZkoTJpYMqk6IdKEUUGahhpGOrEiiIeMtMPx9cxv3xOlqRQNM4lJwNFQ0IhiZKx01+h78AL2aoQZBBv9fMFzryqlUtGDvuvNAa1iUS59KwWwRL2f/+wNJE44EQYzpHXX92ITpEgZihmZ5nqJJjHCYzQkXUsF4kQH6fzqKTyzygBGUtknDJyrPydSxLWe8NAmOTIj/dubiX953cRElSClIk4MEXixKEoYNBLOKoADqgg2bGIJworaWyEeIYWwsUWtbmFDaQMjXrSfse18l/I/aRVd33P928tCtbbsKQtOwCk4Bz4ogyq4AXXQBBgo8AiewLPz4Lw4r87bIppxljPHYAXO+xfDz5vJ</latexit>

H
<latexit sha1_base64="BkmGXSuCqDk+9JreqHfl6L4vTXk=">AAACAXicdVDLSgNBEOz1GeMr6tHLYBA8LbvBkHgL6CHHBMwDkiXMTibJkJmdZWZWCEtOHr3qR3gTr36J3+BPOHkQjGhBQ1NVTXdXGHOmjed9OhubW9s7u5m97P7B4dFx7uS0qWWiCG0QyaVqh1hTziLaMMxw2o4VxSLktBWOb2d664EqzWR0byYxDQQeRmzACDaWqld7ubzn3pSLxYKHfNebA1nGolRcMXlYotbLfXX7kiSCRoZwrHXH92ITpFgZRjidZruJpjEmYzykHdtGWFAdpPNDp+jSMn00kMpWZNCc/TmRYqH1RITWKbAZ6d/ajPxL6yRmUA5SFsWJoRFZLBokHBmJZl+jPlOUGD6xDSaK2VsRGWGFibHZrG/hQ2kNI1Gwz9h0VqH83zQLru+5fv06X7lb5pSBc7iAK/ChBBWoQg0aQIDCEzzDi/PovDpvzvvCuuEsZ85gDc7HN7yUl4c=</latexit><latexit sha1_base64="BkmGXSuCqDk+9JreqHfl6L4vTXk=">AAACAXicdVDLSgNBEOz1GeMr6tHLYBA8LbvBkHgL6CHHBMwDkiXMTibJkJmdZWZWCEtOHr3qR3gTr36J3+BPOHkQjGhBQ1NVTXdXGHOmjed9OhubW9s7u5m97P7B4dFx7uS0qWWiCG0QyaVqh1hTziLaMMxw2o4VxSLktBWOb2d664EqzWR0byYxDQQeRmzACDaWqld7ubzn3pSLxYKHfNebA1nGolRcMXlYotbLfXX7kiSCRoZwrHXH92ITpFgZRjidZruJpjEmYzykHdtGWFAdpPNDp+jSMn00kMpWZNCc/TmRYqH1RITWKbAZ6d/ajPxL6yRmUA5SFsWJoRFZLBokHBmJZl+jPlOUGD6xDSaK2VsRGWGFibHZrG/hQ2kNI1Gwz9h0VqH83zQLru+5fv06X7lb5pSBc7iAK/ChBBWoQg0aQIDCEzzDi/PovDpvzvvCuuEsZ85gDc7HN7yUl4c=</latexit><latexit sha1_base64="BkmGXSuCqDk+9JreqHfl6L4vTXk=">AAACAXicdVDLSgNBEOz1GeMr6tHLYBA8LbvBkHgL6CHHBMwDkiXMTibJkJmdZWZWCEtOHr3qR3gTr36J3+BPOHkQjGhBQ1NVTXdXGHOmjed9OhubW9s7u5m97P7B4dFx7uS0qWWiCG0QyaVqh1hTziLaMMxw2o4VxSLktBWOb2d664EqzWR0byYxDQQeRmzACDaWqld7ubzn3pSLxYKHfNebA1nGolRcMXlYotbLfXX7kiSCRoZwrHXH92ITpFgZRjidZruJpjEmYzykHdtGWFAdpPNDp+jSMn00kMpWZNCc/TmRYqH1RITWKbAZ6d/ajPxL6yRmUA5SFsWJoRFZLBokHBmJZl+jPlOUGD6xDSaK2VsRGWGFibHZrG/hQ2kNI1Gwz9h0VqH83zQLru+5fv06X7lb5pSBc7iAK/ChBBWoQg0aQIDCEzzDi/PovDpvzvvCuuEsZ85gDc7HN7yUl4c=</latexit><latexit sha1_base64="BkmGXSuCqDk+9JreqHfl6L4vTXk=">AAACAXicdVDLSgNBEOz1GeMr6tHLYBA8LbvBkHgL6CHHBMwDkiXMTibJkJmdZWZWCEtOHr3qR3gTr36J3+BPOHkQjGhBQ1NVTXdXGHOmjed9OhubW9s7u5m97P7B4dFx7uS0qWWiCG0QyaVqh1hTziLaMMxw2o4VxSLktBWOb2d664EqzWR0byYxDQQeRmzACDaWqld7ubzn3pSLxYKHfNebA1nGolRcMXlYotbLfXX7kiSCRoZwrHXH92ITpFgZRjidZruJpjEmYzykHdtGWFAdpPNDp+jSMn00kMpWZNCc/TmRYqH1RITWKbAZ6d/ajPxL6yRmUA5SFsWJoRFZLBokHBmJZl+jPlOUGD6xDSaK2VsRGWGFibHZrG/hQ2kNI1Gwz9h0VqH83zQLru+5fv06X7lb5pSBc7iAK/ChBBWoQg0aQIDCEzzDi/PovDpvzvvCuuEsZ85gDc7HN7yUl4c=</latexit>

Rayleigh-Benard Problem

(H, g,↵,�T, ⌫,)
<latexit sha1_base64="efPbjcj8al/guNmejdGqOHCV3vQ="></latexit><latexit sha1_base64="efPbjcj8al/guNmejdGqOHCV3vQ="></latexit><latexit sha1_base64="efPbjcj8al/guNmejdGqOHCV3vQ="></latexit><latexit sha1_base64="efPbjcj8al/guNmejdGqOHCV3vQ="></latexit>

gravity coef. of thermal

expansion

kinematic

viscosity

Thermal

diffusivity

Inputs

T (x, z, t) =
X

k

T̂k(z, t)e
ikx

<latexit sha1_base64="NCmKeWcVXfGeiq7ZQYtiDMyURpM="></latexit><latexit sha1_base64="NCmKeWcVXfGeiq7ZQYtiDMyURpM="></latexit><latexit sha1_base64="NCmKeWcVXfGeiq7ZQYtiDMyURpM="></latexit><latexit sha1_base64="NCmKeWcVXfGeiq7ZQYtiDMyURpM="></latexit>

q(t) =

�����

Z Lz

0
�ikT̂2(z, t)dz

�����
<latexit sha1_base64="ZZO37rjAXLkd1Tk/og3/ks6NWTY="></latexit><latexit sha1_base64="ZZO37rjAXLkd1Tk/og3/ks6NWTY="></latexit><latexit sha1_base64="ZZO37rjAXLkd1Tk/og3/ks6NWTY="></latexit><latexit sha1_base64="ZZO37rjAXLkd1Tk/og3/ks6NWTY="></latexit>

Output



Discovered groups

<latexit sha1_base64="Zu8qO9VU1eoMKLDme7Ce6G6N9i8="></latexit>

⇡p = Ra�1 =
⌫

g↵�TL3
z

⌧ =
t2

↵2⌫(�T )2
<latexit sha1_base64="WosMWeDy2xntD/EykI6sY7HGrBY="></latexit><latexit sha1_base64="WosMWeDy2xntD/EykI6sY7HGrBY="></latexit><latexit sha1_base64="WosMWeDy2xntD/EykI6sY7HGrBY="></latexit><latexit sha1_base64="WosMWeDy2xntD/EykI6sY7HGrBY="></latexit>

Rac ⇡ 1878
<latexit sha1_base64="oJFKAh2TKzZNLOpJu4PTsQboCDc="></latexit><latexit sha1_base64="oJFKAh2TKzZNLOpJu4PTsQboCDc="></latexit><latexit sha1_base64="oJFKAh2TKzZNLOpJu4PTsQboCDc="></latexit><latexit sha1_base64="oJFKAh2TKzZNLOpJu4PTsQboCDc="></latexit>

Critical Rayleigh number

µ ⇡ 4.6⇥ 10�5
<latexit sha1_base64="DvFygAHHJLqpl2ctDDX3NfupEhg="></latexit><latexit sha1_base64="DvFygAHHJLqpl2ctDDX3NfupEhg="></latexit><latexit sha1_base64="DvFygAHHJLqpl2ctDDX3NfupEhg="></latexit><latexit sha1_base64="DvFygAHHJLqpl2ctDDX3NfupEhg="></latexit>

Landau parameter



• Proposed a hypothesis for discovering dimensionless groups from parametric data through an optimal fit


• Used the algebraic form of the Buckingham Pi theorem as soft and hard constraints


• Generalized the SINDy method to discover dimensionless parametric differential equations

Conclusions

Future work

• Use these methods on real-world data where the underlying dimensionless groups are not known


• Improve the robustness of the method for small and noisy data


• Improve efficiency of hyper-parameter optimization, particularly in the dimensionless SINDy method
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Bakarji, J., Callaham, J., Brunton, S. L., & Kutz, J. N. (2022) 
arXiv preprint arXiv:2202.04643. - Under review in Nat. Comp. Sci. 

• Data-driven discovery of coarse-grained equations  
Bakarji, J., & Tartakovsky, D. M. (2021) 
Journal of Computational Physics


• Discovering Governing Equations from Partial Measurements with Deep Delay Autoencoders  
Bakarji, J., Champion, K., Kutz, J. N., & Brunton, S. L. (2022) 
arXiv preprint arXiv:2201.05136.
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Collaborators

github.com/josephbakarji/bucki-data
Code available at

http://josephbakarji.com


Questions ?



D� = 0
<latexit sha1_base64="cyuZ68kgqJsnqSGkRdxB9QTtv7I="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit><latexit sha1_base64="TAn+ZWDq0h1En7lFfVEq/3in/RY="></latexit>

[F ] = ML/T2
<latexit sha1_base64="vasdOwQB9ZyX8Hdmj/+2fSVl/sI="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit><latexit sha1_base64="0ox+b7YMIlfIlMq0imlbQWW9FTo="></latexit>

⌦(F ) = [1, 1,�2]>
<latexit sha1_base64="+PPx9q7WExpvaD3OfGdhhBrlJQU="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit><latexit sha1_base64="fwubWRDLmgM3TzYwJa7rot9F9ok="></latexit>

D =

2

4
| |

⌦(p̃1) . . . ⌦(p̃d)
| |

3

5

<latexit sha1_base64="1 u5iLVN5yKVQK8P1dyDBim28Lug="></latexit><latexit sha1_base64="U rOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="U rOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="U rOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="U rOJQsFH4+Hz96T/a+CpwNL28RI="></latexit><latexit sha1_base64="5 LSJfdSwmOWPL9+kFjJFzDjSUVo=">AAAB8nicbVDLSgNBEOyNrxijxrOXwSB4Cru56FHw4jGCeUASwuzsbDJkHstMrxCWHLx69SO8ib/jN/gTTh4Hk1jQUFR1090VZ1I4DMPvoLS3f3B4VD6unFQrp2fntWrHmdwy3mZGGtuLqeNSaN5GgZL3MsupiiXvxtOHhd994dYJo59xlvGhomMtUsEoeqk1qtXDRrgE2SXRmtRhjVHtZ5AYliuukUnqXD8KMxwW1KJgks8rg9zxjLIpHfO+p5oq7obF8sw5ufZKQlJjfWkkS/XvREGVczMV+05FceK2vYX4n9fPMb0bFkJnOXLNVovSXBI0ZPEzSYTlDOXME8qs8LcSNqGWMvTJbG6RY+MbJqrpn/HhRNtR7JJOsxGFjegphDJcwhXcQAS3cA+P0II2MEjgDd6D1+Aj+FyFWArWaV7ABoKvX0oUlIo=</latexit><latexit sha1_base64="S bedlGHcDBISpMYlJ2xj132ak7U="></latexit><latexit sha1_base64="I pQSSY5aKeEuIlqQYUaYba1kVEA="></latexit><latexit sha1_base64="t jx1z6uQc0xGwdNZuffqkcYrDng="></latexit><latexit sha1_base64="C 1kNgcGDWcmc+2KmGhC+kcyH7F4="></latexit><latexit sha1_base64="C 1kNgcGDWcmc+2KmGhC+kcyH7F4="></latexit><latexit sha1_base64="1 u5iLVN5yKVQK8P1dyDBim28Lug="></latexit><latexit sha1_base64="v mFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit><latexit sha1_base64="v mFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit><latexit sha1_base64="v mFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit><latexit sha1_base64="v mFzi9BDPtLPFKWTi0F0J3mZHmQ="></latexit>

⇡j =
dY

i=1

p̃
�ij

i
<latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit><latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit><latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit><latexit sha1_base64="k9pfpm3EYB1yCnpeySaWkffS/ds="></latexit>

Re = ⇢1v1D1µ�1
<latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit><latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit><latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit><latexit sha1_base64="csMbuggqb/P3pid+/d+Zrmi90Po="></latexit>

D�(⇡i) = 0, 8i 2 {1, . . . , d}
<latexit sha1_base64="4p4U236PwkKvJ49J/mHE7DOTyp0="></latexit><latexit sha1_base64="4p4U236PwkKvJ49J/mHE7DOTyp0="></latexit><latexit sha1_base64="4p4U236PwkKvJ49J/mHE7DOTyp0="></latexit><latexit sha1_base64="4p4U236PwkKvJ49J/mHE7DOTyp0="></latexit>

�(⇡j) = [�1j ,�2j , . . . ,�dj ]
T

<latexit sha1_base64="K2W2SSKrREiBoYluIfjLChT0TSc="></latexit><latexit sha1_base64="K2W2SSKrREiBoYluIfjLChT0TSc="></latexit><latexit sha1_base64="K2W2SSKrREiBoYluIfjLChT0TSc="></latexit><latexit sha1_base64="K2W2SSKrREiBoYluIfjLChT0TSc="></latexit>

� =

2

4
| | |

�(⇡1) �(⇡2) . . . �(⇡d0)
| | |

3

5 2 Rd⇥d0
,

<latexit sha1_base64="rqDeY0CpQUqKElJ0pPvN10orFvE="></latexit><latexit sha1_base64="rqDeY0CpQUqKElJ0pPvN10orFvE="></latexit><latexit sha1_base64="rqDeY0CpQUqKElJ0pPvN10orFvE="></latexit><latexit sha1_base64="rqDeY0CpQUqKElJ0pPvN10orFvE="></latexit>



<latexit sha1_base64="jw1qVbU/p6amRq/8hMXUhRSNUSE=">AAACAHicdZDLSsNAFIYn9VbrLerChZvBIrgKSSm1XQgFNy5cVLAXaGKYTCft0EkyzEyEErLxVdy4UMStj+HOt3F6oajoDwOH7z+HM+cPOKNS2fanUVhZXVvfKG6WtrZ3dvfM/YOOTFKBSRsnLBG9AEnCaEzaiipGelwQFAWMdIPx5dTv3hMhaRLfqgknXoSGMQ0pRkoj3zyCLqc+hxfQDQXC2VDdVfLsOvfNsm01Go16vQYdy54JzknVXpIyWKjlmx/uIMFpRGKFGZKy79hceRkSimJG8pKbSsIRHqMh6esyRhGRXjY7IIenmgxgmAj9YgVn9PtEhiIpJ1GgOyOkRvK3N4V/ef1UhXUvozFPFYnxfFGYMqgSOE0DDqggWLGJLhAWVP8V4hHSQSidWUmHsLz9/6JTsZya5dxUy83qIo4iOAYn4Aw44Bw0wRVogTbAIAeP4Bm8GA/Gk/FqvM1bC8Zi5hD8kPH+BSwhliI=</latexit>

⇡p =
gt2

L

<latexit sha1_base64="L4T9/7FNC6TS0wRGB6jiciBObdc="></latexit>

↵(t) = ↵0 cos(
p
⇡p + ✓)

<latexit sha1_base64="o0Fq/dTQi1J9OCJWeteGtHrsSnc="></latexit>

Dp =

2

4
| | | |

⌦(g) ⌦(m) ⌦(L) ⌦(t)
| | | |

3

5 =

2

4
0 1 0 0
1 0 1 0
�2 0 0 1

3

5

Dq =

2

4
|

⌦(↵)
|

3

5 =

2

4
0
0
0

3

5

<latexit sha1_base64="6CJSZvanygeeGQu4dp7/DxDxcfs="></latexit>

� =

2

66664

1 0
0 0
�1 0
2 0
0 1

3

77775
s.t. �p =

2

66664

1
0
�1
2
0

3

77775
, �q =

2

66664

0
0
0
0
1

3

77775

Dimensional Matrix Dimensionless powers


