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Quantum harmonic Otto heat engine
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<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

ω(t)

ω(t)

SvN(t) = − tr{ ̂ρ(t)ln ̂ρ(t)}

Ĥ(t) = ℏω(t)( ̂a†(t) ̂a(t) +
1
2 ), E(t) = tr{ ̂ρ(t)Ĥ(t)}



Time-evolution of harmonic oscillator

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

ω(t)

ω(t)

SvN(t) = − tr{ ̂ρ(t)ln ̂ρ(t)}

Ĥ(t) = ℏω(t)( ̂a†(t) ̂a(t) +
1
2 ), E(t) = tr{ ̂ρ(t)Ĥ(t)}

d
dt

̂ρ(t) = −
i
ℏ

[Ĥ(t), ̂ρ(t)]

dE(t)
dt

= tr ( ̂ρ(t)
dĤ(t)

dt ) = ·W(t)

adiabatic processes

dSvN(t)
dt

= 0

d
dt

̂ρ(t) = −
i
ℏ

[Ĥ, ̂ρ(t)] + 𝒟 ( ̂ρ(t))

isochoric & isothermal processes

dE(t)
dt

= tr (Ĥ
d ̂ρ(t)

dt ) = ·Q(t)

dSvN(t)
dt

= σ
⏟
≥0

− β ·Q



Phase-space approach

g(ξ, ξ*) = ⟨e−i(ξα+ξ*α*)⟩

moment generating function probability distribution function

fcl(α, α*) =
1
π2 ∫ g(ξ, ξ*)ei(ξα+ξ*α*)d2ξ

= ∫ fcl(α, α*)e−i(ξα+ξ*α*)d2α

Fourier

transform

classical

quantum

g1(ξ, ξ*) = tr { ̂ρe−i(ξ ̂a+ξ* ̂a†)}
g2(ξ, ξ*) = tr { ̂ρe−iξ ̂ae−iξ* ̂a†}

…

g3(ξ, ξ*) = tr { ̂ρe−iξ* ̂a†e−iξ ̂a}

fqu(α, α*) =
1
π2 ∫ g1(ξ, ξ*)ei(ξα+ξ*α*)d2ξ

Fourier

transform

̂a |α⟩ = α |α⟩ : coherent basis



Mapping to classical description

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/ zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK3 11+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

adiabatic processes

·α(t) = − iω(t)α(t) +
·ω(t)

2ω(t)
α*(t)

·W(t) =
ℏ ·ω(t)

2
⟨(α + α*)2⟩

d
dt

̂ρ(t) = −
i
ℏ

[Ĥ(t), ̂ρ(t)]

dE(t)
dt

= tr ( ̂ρ(t)
dĤ(t)

dt ) = ·W(t)

S(t) = − ∫ f(α, α*, t)ln f(α, α*, t)d2α,
dS(t)

dt
= 0

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

isochoric & isothermal processes

·α(t) = − ( γ
2

+ iω) α(t) +
γℏω

β̃
ξ(t)

·Q(t) = γ ( 1
β̃

− ℏω⟨ |α |2 ⟩)

d
dt

̂ρ(t) = −
i
ℏ

[Ĥ(t), ̂ρ(t)] + 𝒟 ( ̂ρ(t))

dE(t)
dt

= tr (Ĥ
d ̂ρ(t)

dt ) = ·Q(t)

dS(t)
dt

= ·Π⏟
≥0

− β̃ ·Q where β̃−1 =
ℏω
2

coth ( βℏω
2 )



Power-efficiency trade-off

Qh = ℏω∫ dt∫ d2α (α*J(α, α*, t) + αJ*(α, α*, t))

Q2
h ≤

Πh

β̃h ( γΔt1
β̃h

− Qh)

Cauchy-Schwarz inequality

P ≤
γΔt1
β̃hτcyc

η(η̃ − η)
1 − η

Πh ≤ Πtot = (β̃c − β̃h)Qh − β̃cWext : 2nd-law-like

inequality

where η̃ = 1 −
β̃h

β̃c

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M 4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

P ≤
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<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M 4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

Illustration

Δt1, Δt2, Δt3, Δt4 ∈ [0,10]

Δt1

Δt2

ηC = 1 −
βh

βc
= 0.9, η̃ = 1 −

β̃h

β̃c
= 0.8

γ, ℏωh, βh ∈ [0,10]

·ω(t) ∝ ω2(t)

ω(t)

ω(t)

Δt3
Δt4



Summary

·α(t) = − iω(t)α(t) +
·ω(t)

2ω(t)
α*(t)

·α(t) = − ( γ
2

+ iω) α(t) +
γℏω

β̃
ξ(t)

d
dt

̂ρ(t) = −
i
ℏ

[Ĥ(t), ̂ρ(t)]

d
dt

̂ρ(t) = −
i
ℏ

[Ĥ(t), ̂ρ(t)] + 𝒟 ( ̂ρ(t))

mapping
⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

ω(t)

ω(t)

f(α, α*) =
1
π2 ∫ tr{ ̂ρei(ξ ̂a+ξ* ̂a†)}ei(ξα+ξ*α*)d2ξ



Thank you for your attention!



Appendices



Operation of heat engine

0 10 20 30 40 50 60 70
t

°0.5

0.0

0.5
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2.0 !

N

Re(M)

Im(M)

N(t) = ⟨ |α |2 (t)⟩, M(t) = ⟨α2(t)⟩

ωh =

ωc =

Δt1, Δt2, Δt3, Δt4 ∈ [0,10]

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

Th

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/f JXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1 Tc

⋮

⋮ ⋮

⋮

<latexit sha1_base64="ePx0wV1oauK60E4e3VjFpPHTaZU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLN5uwOxFK6Y/w4kERr/4eb/4bt20OWn0w8Hhvhpl5YSqFIc/7cgpr6xubW8Xt0s7u3v5B+fCoZZJMc2zyRCa6EzKDUihskiCJnVQji0OJ7XB8O/fbj6iNSNQDTVIMYjZUIhKckZXavRCJ9Xm/XPGq3gLuX+LnpAI5Gv3yZ2+Q8CxGRVwyY7q+l1IwZZoElzgr9TKDKeNjNsSupYrFaILp4tyZe2aVgRsl2pYid6H+nJiy2JhJHNrOmNHIrHpz8T+vm1F0HUyFSjNCxZeLoky6lLjz392B0MhJTixhXAt7q8tHTDNONqGSDcFfffkvaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOawGEMT/ACr07qPDtvzvuyteDkM8fwC87HNzqDj4E=</latexit>

�c
<latexit sha1_base64="y+XK72P4B18+qqB0hS+d9SpaYss=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxgnlAsoTZSScZMvtgplcISz7CiwdFvPo93vwbJ8keNFrQUFR1090VJEoact0vp7C2vrG5Vdwu7ezu7R+UD49aJk61wKaIVaw7ATeoZIRNkqSwk2jkYaCwHUxu5377EbWRcfRA0wT9kI8iOZSCk5XavQCJ98f9csWtuguwv8TLSQVyNPrlz94gFmmIEQnFjel6bkJ+xjVJoXBW6qUGEy4mfIRdSyMeovGzxbkzdmaVARvG2lZEbKH+nMh4aMw0DGxnyGlsVr25+J/XTWl47WcySlLCSCwXDVPFKGbz39lAahSkppZwoaW9lYkx11yQTahkQ/BWX/5LWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmCJjAE7zAq5M4z86b875sLTj5zDH8gvPxDUIXj4Y=</latexit>

�h
<latexit sha1_base64="q8D/pxBiPeks0Hi8wmlgqq65IX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZSNHxYjknlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBcJV1</latexit>

Ah!c

<latexit sha1_base64="f6D80r/qgYb471rLIYLDlKaLmX0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1WXFje4q2Ac0IUymk3bo5MHMRKgh+CtuXCji1v9w5984abPQ1gMDh3PuZc49fsKZVJb1bSwtr6yurVc2qptb2zu75t5+R8apILRNYh6Lno8l5SyibcUUp71EUBz6nHb98XXhdx+okCyO7tUkoW6IhxELGMFKS5556IRYjQjm2VXuZcRRMRrlnlmz6tYUaJHYJalBiZZnfjmDmKQhjRThWMq+bSXKzbBQjHCaV51U0gSTMR7SvqYRDql0s2n6HJ1oZYCCWOgXKTRVf29kOJRyEvp6ssgq571C/M/rpyq4dDMWJamiEZl9FKQc6RuLKtCACUoUn2iCiWA6KyIjLDBRurCqLsGeP3mRdM7qdqPeuDuvNW/LOipwBMdwCjZcQBNuoAVtIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwDBV5V1</latexit>

Ac!h

<latexit sha1_base64="j20fZYFAyqJ6YJHVgMOAHZHXmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GV+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwTxvzARmUK27VXQCtEy8nFcjRHJS/+kNJkogKQzjWuue5sfFTrAwjnM5L/UTTGJMJHtGepQJHVPvpIvQcXVhliEKp7BMGLdTfGymOtJ5FgZ3MQupVLxP/83qJCW/9lIk4MVSQ5aEw4chIlDWAhkxRYvjMEkwUs1kRGWOFibE9lWwJ3uqX10n7qurVqrWH60q9kddRhDM4h0vw4AbqcA9NaAGBJ3iGV3hzps6L8+58LEcLTr5zCn/gfP4A+3mSRw==</latexit>

Ic
<latexit sha1_base64="Rsu6H2WRCeZAre/xkZreNXDQPK0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN3ZXwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnjbmg/GgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE976KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftq6pXq9Yeriv1Rl5HEc7gHC7Bgxuowz00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDAxySTA==</latexit>

Ih
<latexit sha1_base64="orF++Bpg5HBye3UdYDpid6EqOWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWum/2R/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV8njRdWrVWvNy0r9Lo+jCCdwCufgwRXU4RYa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz8pT43C</latexit>

Qh
<latexit sha1_base64="I/+2EuZG3ZSQnGe6HF5AqHAInz0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF721aG2hDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK980+65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVfJ4UfVq1VrzslK/y+Mowgmcwjl4cAV1uIUGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8hu429</latexit>

Qc

<latexit sha1_base64="7DFyQu8fExs1hejcv1in68eGDrk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXvQW0TwgWcLspDcZMju7zMwqIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG1zO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWq7eXZRqt1kceTiBUzgHDy6hBjdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBEVuNsg==</latexit>w2

<latexit sha1_base64="JPe69Lgmh0XSP1o8aAgAriQGCYQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworeK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+6ee1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK161Ur27KNdu8zgKcAwncAYeXEINbqAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcP142x</latexit>w1
<latexit sha1_base64="Dg8Epi8/lYPIajpZ/3sbCIZ+NZ8=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2JUSPAT14USKYByTLMjuZTYbMY5mZFUPIr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0UJo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdja5mfvuRKE2leDDjhAQcDQSNKUbGSqFb7ElOBijEZXgXVsvwNqyGbsmreHPAVeJnpAQyNEL3q9eXOOVEGMyQ1l3fS0wwQcpQzMi00Es1SRAeoQHpWioQJzqYzG+fwlOr9GEslS1h4Fz9PTFBXOsxj2wnR2aol72Z+J/XTU18GUyoSFJDBF4silMGjYSzIGCfKoING1uCsKL2VoiHSCFsbFwFG4K//PIqaZ1X/Fqldl8t1a+zOPLgGJyAM+CDC1AHN6ABmgCDJ/AMXsGbM3VenHfnY9Gac7KZI/AHzucPrBSS7A==</latexit>

!c, N4,M4

<latexit sha1_base64="2TAizGao/39V+8AYPVrF8x86L/o=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0HwEMKukegxoAcvSgTzgGRZZiezyZB5LDOzYgj5FS8eFPHqj3jzb5wke9DEgoaiqpvurihhVBvP+3ZWVtfWNzZzW/ntnd29ffeg0NQyVZg0sGRStSOkCaOCNAw1jLQTRRCPGGlFw6up33okSlMpHswoIQFHfUFjipGxUugWupKTPgpxCd6FlRK8DSuhW/TK3gxwmfgZKYIM9dD96vYkTjkRBjOkdcf3EhOMkTIUMzLJd1NNEoSHqE86lgrEiQ7Gs9sn8MQqPRhLZUsYOFN/T4wR13rEI9vJkRnoRW8q/ud1UhNfBmMqktQQgeeL4pRBI+E0CNijimDDRpYgrKi9FeIBUggbG1fehuAvvrxMmmdlv1qu3p8Xa9dZHDlwBI7BKfDBBaiBG1AHDYDBE3gGr+DNmTgvzrvzMW9dcbKZQ/AHzucPqQeS6g==</latexit>

!c, N3,M3
<latexit sha1_base64="BzSDelLgEtw5tB8q9foGkXLAE58=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyChxB2g0SPAT14USKYByTLMjuZJEPmsczMimHJr3jxoIhXf8Sbf+Mk2YMmFjQUVd10d0Uxo9p43reTW1vf2NzKbxd2dvf2D9zDYkvLRGHSxJJJ1YmQJowK0jTUMNKJFUE8YqQdja9mfvuRKE2leDCTmAQcDQUdUIyMlUK32JOcDFE4KsO7sFqGt2E1dEtexZsDrhI/IyWQoRG6X72+xAknwmCGtO76XmyCFClDMSPTQi/RJEZ4jIaka6lAnOggnd8+hadW6cOBVLaEgXP190SKuNYTHtlOjsxIL3sz8T+vm5jBZZBSESeGCLxYNEgYNBLOgoB9qgg2bGIJworaWyEeIYWwsXEVbAj+8surpFWt+LVK7f68VL/O4siDY3ACzoAPLkAd3IAGaAIMnsAzeAVvztR5cd6dj0VrzslmjsAfOJ8/rcCS7Q==</latexit>

!h, N2,M2

<latexit sha1_base64="mNvNrEdborMmVir06FpmixiEQL0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJKIVJcFXbhRKtgHtCFMppN26DzCzEQsob/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5uFreL2zu7evntQammZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0dXUbz8SpakUD2ackICjgaAxxchYKXRLPcnJAIXDCrwL/Qq8Df3QLXtVbwa4TPyclEGORuh+9foSp5wIgxnSuut7iQkypAzFjEyKvVSTBOERGpCupQJxooNsdvsEnlilD2OpbAkDZ+rviQxxrcc8sp0cmaFe9Kbif143NfFlkFGRpIYIPF8UpwwaCadBwD5VBBs2tgRhRe2tEA+RQtjYuIo2BH/x5WXSOqv6tWrt/rxcv87jKIAjcAxOgQ8uQB3cgAZoAgyewDN4BW/OxHlx3p2PeeuKk88cgj9wPn8AqrOS6w==</latexit>

!h, N1,M1

Δt1 Δt2

Δt3Δt4

·ω ∝ ω−2

·ω ∝ ω



Πh ≤ Πtot = (β̃c − β̃h)Qh − β̃cWext

Saturation conditions

Qh = ℏω∫ dt∫ d2α (α*J(α, α*, t) + αJ*(α, α*, t))

Q2
h ≤

Πh

β̃h ( γΔt1
β̃h

− Qh)

Cauchy-Schwarz inequality

: 2nd-law-like

inequality

P
P0

≤
η(η̃ − η)

1 − η
·ω(t) ∝ ωm(t) with m ∈ {−2, − 1,0,1,2}

for combined protocols 

quasistatic

adiabatic

processes

Δt1 ≪ Δt3
Δt1 ≫ Δt3

asymmetric

isochoric processes

·ω(t) ∝ ω2(t) for semi-analytic protocols 


