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C 0

<latexit sha1_base64="onx0teUkP39WtJxm1pIRwJIP6O4=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IruGBI9ELh7RyCMBQmaHWZgwO7uZ6TUhG/7AiweN8eofefNvHGAPClbSSaWqO91dfiyFQdf9dnIbm1vbO/ndwt7+weFR8fikZaJEM95kkYx0x6eGS6F4EwVK3ok1p6Eveduf1Od++4lrIyL1iNOY90M6UiIQjKKVHuqXg2LJLbsLkHXiZaQEGRqD4ldvGLEk5AqZpMZ0PTfGfko1Cib5rNBLDI8pm9AR71qqaMhNP11cOiMXVhmSINK2FJKF+nsipaEx09C3nSHFsVn15uJ/XjfB4KafChUnyBVbLgoSSTAi87fJUGjOUE4toUwLeythY6opQxtOwYbgrb68TlrXZa9Srt5XSrXbLI48nME5XIEHVajBHTSgCQwCeIZXeHMmzovz7nwsW3NONnMKf+B8/gD5ZI0C</latexit>

�0 = 1

<latexit sha1_base64="fDnFW125vcWhTY2rbn/v0v4b1Gg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSqBuh6MZlBfuA6VAymUwbmkmG5I5Qhn6GGxeKuPVr3Pk3pu0stPVA4HDOueTeE6aCG3Ddb6e0sbm1vVPereztHxweVY9PukZlmrIOVULpfkgME1yyDnAQrJ9qRpJQsF44uZv7vSemDVfyEaYpCxIykjzmlICV/IGw0YgM3RtvWK25dXcBvE68gtRQgfaw+jWIFM0SJoEKYozvuSkEOdHAqWCzyiAzLCV0QkbMt1SShJkgX6w8wxdWiXCstH0S8EL9PZGTxJhpEtpkQmBsVr25+J/nZxBfBzmXaQZM0uVHcSYwKDy/H0dcMwpiagmhmttdMR0TTSjYliq2BG/15HXSvap7jXrzoVFr3RZ1lNEZOkeXyENN1EL3qI06iCKFntErenPAeXHenY9ltOQUM6foD5zPH2ANkKw=</latexit>

H| 0i = 0

<latexit sha1_base64="gt0KHfRTVZ9kZL1XgaxrnK2ogk8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIUC9C0UuPFewHtCFstpN26WYTdjdKSftTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKG5tb2zvF3dLe/sHhkV0+bqs4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfDf3O48gFYvFg54k4EVkKFjIKNFG8u1yY9pvKuY7fUnEkMON49sVp+osgNeJm5MKytH07a/+IKZpBEJTTpTquU6ivYxIzSiHWamfKkgIHZMh9AwVJALlZYvTZ/jcKAMcxtKU0Hih/p7ISKTUJApMZ0T0SK16c/E/r5fq8NrLmEhSDYIuF4UpxzrG8xzwgEmgmk8MIVQycyumIyIJ1SatkgnBXX15nbQvq+5VtXZ/Vanf5nEU0Sk6QxfIRTVURw3URC1E0RN6Rq/ozZpaL9a79bFsLVj5zAn6A+vzB3Hak3w=</latexit>

Steady State

Re(�i) > 0

<latexit sha1_base64="rVBdvYN1RpShpiomTHSEL8XRwkE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5JIoa6k6MZlFfuANoTJ5LYdOpmEmUmhhP6JGxeKuPVP3Pk3TtsstPXAwOGce7h3TpBwprTjfFuFjc2t7Z3ibmlv/+DwyD4+aas4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfDf3OxOQisXiSU8T8CIyFGzAKNFG8m37EXClz00gJD67vHF8u+xUnQXwOnFzUkY5mr791Q9jmkYgNOVEqZ7rJNrLiNSMcpiV+qmChNAxGULPUEEiUF62uHyGL4wS4kEszRMaL9TfiYxESk2jwExGRI/UqjcX//N6qR5cexkTSapB0OWiQcqxjvG8BhwyCVTzqSGESmZuxXREJKHalFUyJbirX14n7auqW6vWH2rlxm1eRxGdoXNUQS6qowa6R03UQhRN0DN6RW9WZr1Y79bHcrRg5ZlT9AfW5w+6HJJw</latexit>

|P (t)i = e�tH |P (0)i

<latexit sha1_base64="9dHtTE2hbrRd4PmmSIrcdSC/jAc=">AAACC3icbZC7SgNBFIZn4y3GW9TSZkgQtDDsiqCNELRJGcFcIIlhdnISh8zOLjNnhbCmt/FVbCwUsfUF7HwbJxdBE38Y+PnOOZw5vx9JYdB1v5zUwuLS8kp6NbO2vrG5ld3eqZow1hwqPJShrvvMgBQKKihQQj3SwAJfQs3vX47qtTvQRoTqGgcRtALWU6IrOEOL2tncffkAD5uaqZ4Eek7hJjnC0tBS94e2s3m34I5F5403NXkyVbmd/Wx2Qh4HoJBLZkzDcyNsJUyj4BKGmWZsIGK8z3rQsFaxAEwrGd8ypPuWdGg31PYppGP6eyJhgTGDwLedAcNbM1sbwf9qjRi7Z61EqChGUHyyqBtLiiEdBUM7QgNHObCGcS3sXym/ZZpxtPFlbAje7Mnzpnpc8E4Kp1cn+eLFNI402SM5ckA8ckqKpETKpEI4eSBP5IW8Oo/Os/PmvE9aU850Zpf8kfPxDd6RmbI=</latexit>

|P (1)i = | 0i

<latexit sha1_base64="Nad/KBJVfGGjXUsw9VjvQhFi3bg=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0Wom5JIoW6EohuXEewDmhAm00k7dDIJMxMhpN278VfcuFDErT/gzr9x2mahrQcuHM65l3vvCRJGpbKsb6O0tr6xuVXeruzs7u0fmIdHHRmnApM2jlksegGShFFO2ooqRnqJICgKGOkG45uZ330gQtKY36ssIV6EhpyGFCOlJd88nTg1l/JQZeeuQHzICLyCE9eR1LcKwTerVt2aA64SuyBVUMDxzS93EOM0IlxhhqTs21aivBwJRTEj04qbSpIgPEZD0teUo4hIL5//MoVnWhnAMBa6uIJz9fdEjiIpsyjQnRFSI7nszcT/vH6qwksvpzxJFeF4sShMGVQxnAUDB1QQrFimCcKC6lshHiGBsNLxVXQI9vLLq6RzUbcb9eZdo9q6LuIogxNwCmrABk3QArfAAW2AwSN4Bq/gzXgyXox342PRWjKKmWPwB8bnD/wCmmY=</latexit>
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↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

On the average from    particles at a given site, 

particles hop to the empty site ahead. 

n⇥ dt

<latexit sha1_base64="TISCX+CHEG9EzOt5D6feFAshf9g=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbMhMckt6MVjBPOAZAmzs7PJkNnZZaZXCCGf4cWDIl79Gm/+jZOHoKIFDUVVN91dQSqFAUI+nLX1jc2t7dxOfndv/+CwcHTcNkmmGW+xRCa6G1DDpVC8BQIk76aa0ziQvBOMr+d+555rIxJ1B5OU+zEdKhEJRsFKPYX7IGJucAiDQpG4FeLVLz1MXLKAJaUKqdcI9lZKEa3QHBTe+2HCspgrYJIa0/NICv6UahBM8lm+nxmeUjamQ96zVFG7x58uTp7hc6uEOEq0LQV4oX6fmNLYmEkc2M6Ywsj89ubiX14vg6jmT4VKM+CKLRdFmcSQ4Pn/OBSaM5ATSyjTwt6K2YhqysCmlLchfH2K/yftkuuV3eptudi4WsWRQ6foDF0gD1VRA92gJmohhhL0gJ7QswPOo/PivC5b15zVzAn6AeftExF5kSQ=</latexit>

n

<latexit sha1_base64="p7WsXTDRf+3D1BtuGNzVSXGEeL0=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbB05It1ra3ohePLdgPaJeSTdM2NptdkqxQSn+BFw+KePUnefPfmLYrqOiDgcd7M8zMC2LBtcH4w8msrW9sbmW3czu7e/sH+cOjlo4SRVmTRiJSnYBoJrhkTcONYJ1YMRIGgrWDyfXCb98zpXkkb800Zn5IRpIPOSXGSg3ZzxewW8Je9dJD2MVLWFIs4WoFIy9VCpCi3s+/9wYRTUImDRVE666HY+PPiDKcCjbP9RLNYkInZMS6lkoSMu3PlofO0ZlVBmgYKVvSoKX6fWJGQq2nYWA7Q2LG+re3EP/yuokZVvwZl3FimKSrRcNEIBOhxddowBWjRkwtIVRxeyuiY6IINTabnA3h61P0P2kVXe/CLTcuCrWrNI4snMApnIMHZajBDdShCRQYPMATPDt3zqPz4ryuWjNOOnMMP+C8fQIc1o0q</latexit>
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<latexit sha1_base64="47BRMYNE0J2xbrBt4t66u6dRBt4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIB6DXsRTAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp377SdUmsfywUwS9CM6lDzkjBorNe77xZJbdhcg68TLSAky1PvFr94gZmmE0jBBte56bmL8KVWGM4GzQi/VmFA2pkPsWipphNqfLg6dkQurDEgYK1vSkIX6e2JKI60nUWA7I2pGetWbi/953dSE1/6UyyQ1KNlyUZgKYmIy/5oMuEJmxMQSyhS3txI2oooyY7Mp2BC81ZfXSeuq7FXK1UalVLvJ4sjDGZzDJXhQhRrcQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB6O9jNg=</latexit>

↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>



1 0

C = (n1, n2, · · ·nL)

<latexit sha1_base64="ntUIUsgAVTqlId3rARQIwkz72ZI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKpSSlELdCMVuXLioYB/QhjCZTNqhk0mYmQglduGvuHGhiFt/w51/47TNQlsPXDiccy/33uPFjEplWd9Gbm19Y3Mrv13Y2d3bPzAPjzoySgQmbRyxSPQ8JAmjnLQVVYz0YkFQ6DHS9cbNmd99IELSiN+rSUycEA05DShGSkuuedK8KnHXLnO3Wh5gP1IScvf2wjWLVsWaA64SOyNFkKHlml8DP8JJSLjCDEnZt61YOSkSimJGpoVBIkmM8BgNSV9TjkIinXR+/xSea8WHQSR0cQXn6u+JFIVSTkJPd4ZIjeSyNxP/8/qJCi6dlPI4UYTjxaIgYVBFcBYG9KkgWLGJJggLqm+FeIQEwkpHVtAh2Msvr5JOtWLXKvW7WrFxncWRB6fgDJSADeqgAW5AC7QBBo/gGbyCN+PJeDHejY9Fa87IZo7BHxifP1mxlGk=</latexit>

P (n1, n2, · · ·nL; t)

<latexit sha1_base64="QDljhvyxuiUWJd9q8dF7GegJr70=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGIUIIdyEQwSZoY2ERwXxAchx7m02yZG/v2J0TQkjjX7GxUMTWn2Hnv3GTXKGJDwYe780wMy+IBdfgON9WZm19Y3Mru53b2d3bP7APj5o6ShRlDRqJSLUDopngkjWAg2DtWDESBoK1gtHNzG89MqV5JB9gHDMvJAPJ+5wSMJJvn9QL0neL0i8Xu7QXgcbSv7uCC9/OOyVnDrxK3JTkUYq6b391exFNQiaBCqJ1x3Vi8CZEAaeCTXPdRLOY0BEZsI6hkoRMe5P5A1N8bpQe7kfKlAQ8V39PTEio9TgMTGdIYKiXvZn4n9dJoH/pTbiME2CSLhb1E4EhwrM0cI8rRkGMDSFUcXMrpkOiCAWTWc6E4C6/vEqa5ZJbKVXvK/nadRpHFp2iM1RALqqiGrpFddRAFE3RM3pFb9aT9WK9Wx+L1oyVzhyjP7A+fwBJTpTy</latexit>

Hbulk =
N�1X

i=1

��
�
i �

+
i+1 + n̂i(1� n̂i+1).

<latexit sha1_base64="gW6LBHU6S1zg0318VlGrjQpAX3c="></latexit>

ni = 0 , 1

<latexit sha1_base64="VGrn1yYJsd6VmL+2QP32hVl9inw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECvUiFL14rGBtIQlls920Sze7YXcjlNCf4cWDIl79Nd78N27bHLT1wcDjvRlm5kUpZ9q47rdTWlvf2Nwqb1d2dvf2D6qHR49aZorQDpFcql6ENeVM0I5hhtNeqihOIk670fh25nefqNJMigczSWmY4KFgMSPYWMkXfXbtBugiQF6/WnPr7hxolXgFqUGBdr/6FQwkyRIqDOFYa99zUxPmWBlGOJ1WgkzTFJMxHlLfUoETqsN8fvIUnVllgGKpbAmD5urviRwnWk+SyHYm2Iz0sjcT//P8zMRXYc5EmhkqyGJRnHFkJJr9jwZMUWL4xBJMFLO3IjLCChNjU6rYELzll1fJ42Xda9Sb941a66aIowwncArn4EETWnAHbegAAQnP8ApvjnFenHfnY9FacoqZY/gD5/MHNm+P6g==</latexit>

Configurations



Hbulk =
N�1X

i=1

��
�
i �

+
i+1 + n̂i(1� n̂i+1).

<latexit sha1_base64="gW6LBHU6S1zg0318VlGrjQpAX3c="></latexit>

hL := �↵(�+
1 � (1� n̂1))

<latexit sha1_base64="UMoYDa95GjF86ic6pjtSyQ5Iv5A=">AAACEHicbVBNS8NAEN34WetX1aOXxSJWpCURoSIIRS8ePFSwKjQxTLabZnGzCbsboYT+BC/+FS8eFPHq0Zv/xu3HQasPBh7vzTAzL0g5U9q2v6yp6ZnZufnCQnFxaXlltbS2fqWSTBLaIglP5E0AinImaEszzelNKinEAafXwd3pwL++p1KxRFzqXkq9GLqChYyANpJf2on886Pjqgs8jQBXXMW6MfjO7V614lTdCHQu+r6zu+uXynbNHgL/Jc6YlNEYTb/06XYSksVUaMJBqbZjp9rLQWpGOO0X3UzRFMgddGnbUAExVV4+fKiPt43SwWEiTQmNh+rPiRxipXpxYDpj0JGa9Abif1470+GhlzORZpoKMloUZhzrBA/SwR0mKdG8ZwgQycytmEQggWiTYdGE4Ey+/Jdc7decg1r94qDcOBnHUUCbaAtVkIPqqIHOUBO1EEEP6Am9oFfr0Xq23qz3UeuUNZ7ZQL9gfXwDCc6atg==</latexit>

hR := ��(��
N � n̂N )

<latexit sha1_base64="MciQ+gzNLtdIJZeH9QK5zt1WRhA=">AAACDHicbVDLSgMxFM3UV62vqks3wSLoomVGBEUQRDeuiopthU4d7qRpG8xkhuSOUIZ+gBt/xY0LRdz6Ae78G9PahVoPBA7nnMvNPWEihUHX/XRyU9Mzs3P5+cLC4tLySnF1rW7iVDNeY7GM9XUIhkuheA0FSn6daA5RKHkjvD0d+o07ro2I1RX2E96KoKtERzBAKwXFEu0Fl4dHZT/kCHTbN6IbQVC9KZf9HmCmBkF1x6bcijsCnSTemJTIGOdB8cNvxyyNuEImwZim5ybYykCjYJIPCn5qeALsFrq8aamCiJtWNjpmQLes0qadWNunkI7UnxMZRMb0o9AmI8Ce+esNxf+8Zoqdg1YmVJIiV+x7USeVFGM6bIa2heYMZd8SYFrYv1LWAw0MbX8FW4L39+RJUt+teHuV/Yu90vHJuI482SCbZJt4ZJ8ckzNyTmqEkXvySJ7Ji/PgPDmvztt3NOeMZ9bJLzjvXy5Cmdc=</latexit>

↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

This Hamiltonian is not Hermitian.



The Basic Problem

H| 0i = 0

<latexit sha1_base64="gt0KHfRTVZ9kZL1XgaxrnK2ogk8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIUC9C0UuPFewHtCFstpN26WYTdjdKSftTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKG5tb2zvF3dLe/sHhkV0+bqs4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfDf3O48gFYvFg54k4EVkKFjIKNFG8u1yY9pvKuY7fUnEkMON49sVp+osgNeJm5MKytH07a/+IKZpBEJTTpTquU6ivYxIzSiHWamfKkgIHZMh9AwVJALlZYvTZ/jcKAMcxtKU0Hih/p7ISKTUJApMZ0T0SK16c/E/r5fq8NrLmEhSDYIuF4UpxzrG8xzwgEmgmk8MIVQycyumIyIJ1SatkgnBXX15nbQvq+5VtXZ/Vanf5nEU0Sk6QxfIRTVURw3URC1E0RN6Rq/ozZpaL9a79bFsLVj5zAn6A+vzB3Hak3w=</latexit>

Find the Steady State

The Matrix Product State

P (n1, n2, · · ·nL) = hW |An1An2 · · ·AnL |V i

<latexit sha1_base64="HNu3veMhCw4o57CpVGpHjuRP5CY="></latexit>



D

<latexit sha1_base64="r4l/SiQMTvuVZxUMn1gTWoGz4SE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIB6DevCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8MJME/YgOJQ85o8ZKjbt+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhtT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe5VytVEp1W6yOPJwBudwCR5UoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AZqljNI=</latexit>

E

<latexit sha1_base64="HYUJETCPsAr1TVSYPWhad89WZUc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIB6DInhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt3O//YRK81g+mEmCfkSHkoecUWOlxl2/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rw2p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvUq52qiUajdZHHk4g3O4BA+qUIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AJwpjNM=</latexit>

The matrix for filled site

The matrix for empty site

P (n1, n2, · · ·nL) =
1

ZL
hW |An1An2 · · ·AnL |V i

<latexit sha1_base64="N4e9DoAfHWVuPTHbk2tllL/Yxxw="></latexit>

ZL = hW |(D + E)L|V i

<latexit sha1_base64="GdR+aX/tdJH9k7g6DrdAXqo2G1k=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQEUoihboRig9w0UUF+8A2hsl02g6dTMLMRChtd278FTcuFHHrL7jzb5ymWWjrgQuHc+7l3nu8kFGpLOvbSC0sLi2vpFcza+sbm1vm9k5NBpHApIoDFoiGhyRhlJOqooqRRigI8j1G6l7/YuLXH4iQNOC3ahASx0ddTjsUI6Ul19y/c8tnLYZ4lxFYH+Uuj6+O7sujWkvEkmtmrbwVA84TOyFZkKDiml+tdoAjn3CFGZKyaVuhcoZIKIoZGWdakSQhwn3UJU1NOfKJdIbxH2N4qJU27ARCF1cwVn9PDJEv5cD3dKePVE/OehPxP68Zqc6pM6Q8jBTheLqoEzGoAjgJBbapIFixgSYIC6pvhbiHBMJKR5fRIdizL8+T2kneLuSLN4Vs6TyJIw32wAHIARsUQQlcgwqoAgwewTN4BW/Gk/FivBsf09aUkczsgj8wPn8AIjSYOw==</latexit>

P ( )

<latexit sha1_base64="ZHv7kOn3RddYgMTm7B7X1S2xRwI=">AAACF3icdVDLSsNAFL3xWesr6tLNYBHqJiRSqMuiG5cV7APaUCbTSTt0MgkzE6GE/oUbf8WNC0Xc6s6/cdpmYVs9lwuHc+5l5p4g4Uxp1/221tY3Nre2CzvF3b39g0P76Lip4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB0M/VbD1QqFot7PU6oH+GBYCEjWBupZzv1MkKo+28t4qJnl1zHnQGtEi8nJchR79lf3X5M0ogKTThWquO5ifYzLDUjnE6K3VTRBJMRHtCOoQJHVPnZ7K4JOjdKH4WxNC00mqm/NzIcKTWOAjMZYT1Uy95U/MvrpDq88jMmklRTQeYPhSlHOkbTkFCfSUo0HxuCiWTmr4gMscREmyiLJgRv+eRV0rx0vIpTvauUatd5HAU4hTMogwdVqMEt1KEBBB7hGV7hzXqyXqx362M+umblOyewAOvzB8xKl44=</latexit>

=
1

ZL
hW |D2ED2E2 · · · |V i

<latexit sha1_base64="p8plyiTnGvJF/Szfric+XVTl89I=">AAACGnicbVDLSsNAFJ34rPVVdelmsAiuSlIKdSMUH+DCRQX7wCYNk+mkHTqZhJmJUNJ+hxt/xY0LRdyJG//GSdqFth64cDjnXu69x4sYlco0v42l5ZXVtfXcRn5za3tnt7C335RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xI/dYDEZKG/E6NIuIEqM+pTzFSWnIL1pntC4QTa5LcuzcTmyHeZwS2xpfd8lVa3bKNe6GS46YtMs8tFM2SmQEuEmtGimCGulv4tHshjgPCFWZIyo5lRspJkFAUMzLJ27EkEcJD1CcdTTkKiHSS7LUJPNZKD/qh0MUVzNTfEwkKpBwFnu4MkBrIeS8V//M6sfJPnYTyKFaE4+kiP2ZQhTDNCfaoIFixkSYIC6pvhXiAdFRKp5nXIVjzLy+SZrlkVUrV20qxdj6LIwcOwRE4ARaoghq4BnXQABg8gmfwCt6MJ+PFeDc+pq1LxmzmAPyB8fUDmK6gng==</latexit>

· · ·

<latexit sha1_base64="k/A90g4AjV2XYmDdva2gsNq/EuU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC69qciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/sZOPOQ==</latexit>



ZL = hW |(D + E)L|V i

<latexit sha1_base64="GdR+aX/tdJH9k7g6DrdAXqo2G1k=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQEUoihboRig9w0UUF+8A2hsl02g6dTMLMRChtd278FTcuFHHrL7jzb5ymWWjrgQuHc+7l3nu8kFGpLOvbSC0sLi2vpFcza+sbm1vm9k5NBpHApIoDFoiGhyRhlJOqooqRRigI8j1G6l7/YuLXH4iQNOC3ahASx0ddTjsUI6Ul19y/c8tnLYZ4lxFYH+Uuj6+O7sujWkvEkmtmrbwVA84TOyFZkKDiml+tdoAjn3CFGZKyaVuhcoZIKIoZGWdakSQhwn3UJU1NOfKJdIbxH2N4qJU27ARCF1cwVn9PDJEv5cD3dKePVE/OehPxP68Zqc6pM6Q8jBTheLqoEzGoAjgJBbapIFixgSYIC6pvhbiHBMJKR5fRIdizL8+T2kneLuSLN4Vs6TyJIw32wAHIARsUQQlcgwqoAgwewTN4BW/Gk/FivBsf09aUkczsgj8wPn8AIjSYOw==</latexit>

Partition Function = A sum over all configurations

All steady state propertiesPartition Function



How to find the matrices E and D and the vectors 

hW |

<latexit sha1_base64="wp3nSNuoTbXCElTWcF0xPAm82+k=">AAAB8XicdZBNSwMxEIZn61etX1WPXoJF8FR2pVq9Fb14rGA/sF1KNp22odnskmSFUvsvvHhQxKv/xpv/xrRdRUVfCAzPO0Nm3iAWXBvXfXcyC4tLyyvZ1dza+sbmVn57p66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4cXUb9yi0jyS12YUox/SvuQ9zqix6KYtqOwLJI27Tr7gFo9d7+zEI27RnYl8ES8lBUhV7eTf2t2IJSFKwwTVuuW5sfHHVBnOBE5y7URjTNmQ9rFlS0lD1P54tvGEHFjSJb1I2ScNmdHvE2Maaj0KA9sZUjPQv70p/MtrJaZ36o+5jBODks0/6iWCmIhMzyddrpAZMbIFZYrbXQkbUEWZsSHlbAifl5L/i/pR0SsVy1elQuU8jSMLe7APh+BBGSpwCVWoAQMJ9/AIT452Hpxn52XemnHSmV34Ief1A4NKkNY=</latexit>

|V i

<latexit sha1_base64="E5IeHFrKmVXJxRMcN9Ar/3o6alM=">AAAB8HicdZDLSgMxFIbP1Futt6pLN8EiuBpmpFrdFd24rGAv0g4lk2ba0CQzJBmh1D6FGxeKuPVx3Pk2pu0oKvpD4PD955Bz/jDhTBvPe3dyC4tLyyv51cLa+sbmVnF7p6HjVBFaJzGPVSvEmnImad0ww2krURSLkNNmOLyY+s1bqjSL5bUZJTQQuC9ZxAg2Ft3cNToKyz6n3WLJc489/+zER57rzYS+iJ+REmSqdYtvnV5MUkGlIRxr3fa9xARjrAwjnE4KnVTTBJMh7tO2LSUWVAfj2cITdGBJD0Wxsk8aNKPfJ8ZYaD0Soe0U2Az0b28K//LaqYlOgzGTSWqoJPOPopQjE6Pp9ajHFCWGj2yBiWJ2V0QGWGFibEYFG8Lnpej/onHk+mW3clUuVc+zOPKwB/twCD5UoAqXUIM6EBBwD4/w5CjnwXl2XuatOSeb2YUfcl4/ADK+kLE=</latexit>

and

D|V i = 1

�
|V i

<latexit sha1_base64="f+ci1WR46G3vXWv+V6eHh1JVXEM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIp1I1Q1IXLCrYVmlAm05t26GQSZiZCifkAN/6KGxeKuPUD3Pk3Ttsg2npg4HDOudy5x485U9q2v6zC0vLK6lpxvbSxubW9U97da6sokRRaNOKRvPWJAs4EtDTTHG5jCST0OXT80cXE79yBVCwSN3ocgxeSgWABo0QbqVeuXN63XUnEgMOZG0hCUydLXR80yX4Mk7Kr9hR4kTg5qaAczV750+1HNAlBaMqJUl3HjrWXEqkZ5ZCV3ERBTOiIDKBrqCAhKC+dHpPhI6P0cRBJ84TGU/X3REpCpcahb5Ih0UM1703E/7xuooNTL2UiTjQIOlsUJBzrCE+awX0mgWo+NoRQycxfMR0SU4k2/ZVMCc78yYukfVJ1atX6da3SOM/rKKIDdIiOkYPqqIGuUBO1EEUP6Am9oFfr0Xq23qz3WbRg5TP76A+sj2+I8Jvz</latexit>

hW |E =
1

↵
hW |

<latexit sha1_base64="zYSIPUpbdPCDxkjp78kiJSO1eJY=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VxVRIp1I1QFMFlBfuAJpSb6aQdOpmEmYlQYv7Ajb/ixoUibt2682+cPkBtPXDhcM693HuPH3OmtG1/Wbml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7YOinAna0Exz2o4lhdDntOUPL8d+645KxSJxq0cx9ULoCxYwAtpI3eKxy0H0OcWt+6tzN5BAUidLXeDxALIfr1ss2WV7ArxInBkpoRnq3eKn24tIElKhCQelOo4day8FqRnhNCu4iaIxkCH0acdQASFVXjr5J8NHRunhIJKmhMYT9fdECqFSo9A3nSHogZr3xuJ/XifRwZmXMhEnmgoyXRQkHOsIj8PBPSYp0XxkCBDJzK2YDMCEok2EBROCM//yImmelp1KuXpTKdUuZnHk0QE6RCfIQVVUQ9eojhqIoAf0hF7Qq/VoPVtv1vu0NWfNZvbRH1gf3w8qnLI=</latexit>

DE = D + E

<latexit sha1_base64="zB2HroIk0PozvAz6DnYD2T3YIFo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAvEiBE3AYwTzgGQJs5PZZMzszDIzK4Ql/+DFgyJe/R9v/o2Tx0ETCxqKqm66u4KYM21c99vJrK1vbG5lt3M7u3v7B/nDo6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqd+q0nqjST4sGMY+pHeCBYyAg2VmpWa9fVi1ovX3CL7gxolXgLUoAF6r38V7cvSRJRYQjHWnc8NzZ+ipVhhNNJrptoGmMywgPasVTgiGo/nV07QWdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8TmLCKz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQHlbAje8surpHlZ9ErF8n2pULlZxJGFEziFc/CgDBW4gzo0gMAjPMMrvDnSeXHenY95a8ZZzBzDHzifPy0Ejjo=</latexit>

The Physical Process The Algebra



ZL = hW |(D + E)L|V i

<latexit sha1_base64="GdR+aX/tdJH9k7g6DrdAXqo2G1k=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQEUoihboRig9w0UUF+8A2hsl02g6dTMLMRChtd278FTcuFHHrL7jzb5ymWWjrgQuHc+7l3nu8kFGpLOvbSC0sLi2vpFcza+sbm1vm9k5NBpHApIoDFoiGhyRhlJOqooqRRigI8j1G6l7/YuLXH4iQNOC3ahASx0ddTjsUI6Ul19y/c8tnLYZ4lxFYH+Uuj6+O7sujWkvEkmtmrbwVA84TOyFZkKDiml+tdoAjn3CFGZKyaVuhcoZIKIoZGWdakSQhwn3UJU1NOfKJdIbxH2N4qJU27ARCF1cwVn9PDJEv5cD3dKePVE/OehPxP68Zqc6pM6Q8jBTheLqoEzGoAjgJBbapIFixgSYIC6pvhbiHBMJKR5fRIdizL8+T2kneLuSLN4Vs6TyJIw32wAHIARsUQQlcgwqoAgwewTN4BW/Gk/FivBsf09aUkczsgj8wPn8AIjSYOw==</latexit>

D + E = C

<latexit sha1_base64="ADxYGXsUnePv9wSBZjdmD+XXOnk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoihXoRilXwWMF+QBPKZrtpl242YXcjlNC/4cWDIl79M978N27aHLT1wcDjvRlm5vkxZ0rb9rdVWFvf2Nwqbpd2dvf2D8qHRx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+pNm5nefqFQsEo96GlMvxCPBAkawNpJ7e3F3nboEc9ScDcoVu2rPgVaJk5MK5GgNyl/uMCJJSIUmHCvVd+xYeymWmhFOZyU3UTTGZIJHtG+owCFVXjq/eYbOjDJEQSRNCY3m6u+JFIdKTUPfdIZYj9Wyl4n/ef1EB1deykScaCrIYlGQcKQjlAWAhkxSovnUEEwkM7ciMsYSE21iKpkQnOWXV0nnsurUqvWHWqVxk8dRhBM4hXNwoA4NuIcWtIFADM/wCm9WYr1Y79bHorVg5TPH8AfW5w+xRpDU</latexit>

ZL = hW |CL|V i

<latexit sha1_base64="1kyMS0cC8wXo8CCUNFjN6qPhbb4=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIp1I1Q7MZFFxXsA5sYJtNpO3QyCTMToaRdu/FX3LhQxK1f4M6/cZpmoa0HLhzOuZd77/EjRqWyrG8jt7K6tr6R3yxsbe/s7pn7By0ZxgKTJg5ZKDo+koRRTpqKKkY6kSAo8Blp+6PazG8/ECFpyG/VOCJugAac9ilGSkueeXzn1S8dhviAEdieJA5GDNam9/VJyxGp6plFq2SlgMvEzkgRZGh45pfTC3EcEK4wQ1J2bStSboKEopiRacGJJYkQHqEB6WrKUUCkm6SvTOGpVnqwHwpdXMFU/T2RoEDKceDrzgCpoVz0ZuJ/XjdW/Qs3oTyKFeF4vqgfM6hCOMsF9qggWLGxJggLqm+FeIgEwkqnV9Ah2IsvL5PWeckulyo35WL1KosjD47ACTgDNqiAKrgGDdAEGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gCZIJo7</latexit>

hnki =
1

Z

X

C

P (· · · , 1, · · · )

<latexit sha1_base64="gIaBaiJ5ArviYRZlHq1NQaovdCg="></latexit>

hnki =
1

ZL
hW |Ck�1DCL�k|V i

<latexit sha1_base64="JKQEIHN2yiOsCpp8OVyd/qcNx5k="></latexit>



J =
ZL�1

ZL

<latexit sha1_base64="1iY+aQ8HNFvBNvQv4EGgO/0i6JA=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFcGNJpFA3QtGNSBcV7AXbECbTSTt0cmFmIpQQ8FXcuFDErc/hzrdx2mahrT8MfPznHM6Z34s5k8qyvo2l5ZXVtfXCRnFza3tn19zbb8koEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qe1NuPVEgWhfdqHFMnwIOQ+YxgpS3XPLy97PkCk/TBTetndpZpqGeuWbLK1lRoEewcSpCr4ZpfvX5EkoCGinAsZde2YuWkWChGOM2KvUTSGJMRHtCuxhAHVDrp9PwMnWinj/xI6BcqNHV/T6Q4kHIceLozwGoo52sT879aN1H+hZOyME4UDclskZ9wpCI0yQL1maBE8bEGTATTtyIyxDoNpRMr6hDs+S8vQuu8bFfK1btKqXaVx1GAIziGU7ChCjW4gQY0gUAKz/AKb8aT8WK8Gx+z1iUjnzmAPzI+fwCx25VW</latexit>

Steady State Current

J = hnK(1� nk+1)i

<latexit sha1_base64="rdwaxrspWKc19SRIvc48FGeT1bU=">AAACCXicbVDLSgNBEJyNrxhfqx69DAYhIoZdCcSLEPQieolgHpANy+ykkwyZnV1mZoWw5OrFX/HiQRGv/oE3/8bJ46CJBQ1FVTfdXUHMmdKO821llpZXVtey67mNza3tHXt3r66iRFKo0YhHshkQBZwJqGmmOTRjCSQMODSCwdXYbzyAVCwS93oYQzskPcG6jBJtJN/GNxceJ6LHAQv/tuCeCj8dnLijY09OVd/OO0VnArxI3BnJoxmqvv3ldSKahCA05USpluvEup0SqRnlMMp5iYKY0AHpQctQQUJQ7XTyyQgfGaWDu5E0JTSeqL8nUhIqNQwD0xkS3Vfz3lj8z2slunveTpmIEw2CThd1E451hMex4A6TQDUfGkKoZOZWTPtEEqpNeDkTgjv/8iKpnxXdUrF8V8pXLmdxZNEBOkQF5KIyqqBrVEU1RNEjekav6M16sl6sd+tj2pqxZjP76A+szx8YFJiz</latexit>

J =
1

ZL
hW |Ck�1DECL�k�1|V i

<latexit sha1_base64="3n2kph0mFVZsmvtLE1Wszux2ri4="></latexit>

J =
1

ZL
hW |Ck�1(D + E)CL�k�1|V i

<latexit sha1_base64="sOZFXMFhxabERTdU3mP4M8E5kEI="></latexit>



Analysis of the algebra

D|V i = 1

�
|V i

<latexit sha1_base64="f+ci1WR46G3vXWv+V6eHh1JVXEM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIp1I1Q1IXLCrYVmlAm05t26GQSZiZCifkAN/6KGxeKuPUD3Pk3Ttsg2npg4HDOudy5x485U9q2v6zC0vLK6lpxvbSxubW9U97da6sokRRaNOKRvPWJAs4EtDTTHG5jCST0OXT80cXE79yBVCwSN3ocgxeSgWABo0QbqVeuXN63XUnEgMOZG0hCUydLXR80yX4Mk7Kr9hR4kTg5qaAczV750+1HNAlBaMqJUl3HjrWXEqkZ5ZCV3ERBTOiIDKBrqCAhKC+dHpPhI6P0cRBJ84TGU/X3REpCpcahb5Ih0UM1703E/7xuooNTL2UiTjQIOlsUJBzrCE+awX0mgWo+NoRQycxfMR0SU4k2/ZVMCc78yYukfVJ1atX6da3SOM/rKKIDdIiOkYPqqIGuUBO1EEUP6Am9oFfr0Xq23qz3WbRg5TP76A+sj2+I8Jvz</latexit>

hW |E =
1

↵
hW |

<latexit sha1_base64="zYSIPUpbdPCDxkjp78kiJSO1eJY=">AAACD3icbVDLSsNAFJ3UV62vqks3g0VxVRIp1I1QFMFlBfuAJpSb6aQdOpmEmYlQYv7Ajb/ixoUibt2682+cPkBtPXDhcM693HuPH3OmtG1/Wbml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7YOinAna0Exz2o4lhdDntOUPL8d+645KxSJxq0cx9ULoCxYwAtpI3eKxy0H0OcWt+6tzN5BAUidLXeDxALIfr1ss2WV7ArxInBkpoRnq3eKn24tIElKhCQelOo4day8FqRnhNCu4iaIxkCH0acdQASFVXjr5J8NHRunhIJKmhMYT9fdECqFSo9A3nSHogZr3xuJ/XifRwZmXMhEnmgoyXRQkHOsIj8PBPSYp0XxkCBDJzK2YDMCEok2EBROCM//yImmelp1KuXpTKdUuZnHk0QE6RCfIQVVUQ9eojhqIoAf0hF7Qq/VoPVtv1vu0NWfNZvbRH1gf3w8qnLI=</latexit>

DE = D + E

<latexit sha1_base64="zB2HroIk0PozvAz6DnYD2T3YIFo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAvEiBE3AYwTzgGQJs5PZZMzszDIzK4Ql/+DFgyJe/R9v/o2Tx0ETCxqKqm66u4KYM21c99vJrK1vbG5lt3M7u3v7B/nDo6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqd+q0nqjST4sGMY+pHeCBYyAg2VmpWa9fVi1ovX3CL7gxolXgLUoAF6r38V7cvSRJRYQjHWnc8NzZ+ipVhhNNJrptoGmMywgPasVTgiGo/nV07QWdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8TmLCKz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQHlbAje8surpHlZ9ErF8n2pULlZxJGFEziFc/CgDBW4gzo0gMAjPMMrvDnSeXHenY95a8ZZzBzDHzifPy0Ejjo=</latexit>

1-D representation

Infinite dimensional Represenation

Mean Field



Low Density

Low Density

High Density High Density

⇢ = 1� �

<latexit sha1_base64="Bid6iTAKuXxzxzw2o2SwQgnO0Bw=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4ccho1boQim5cVrAP6Awlk2ba0EwyJBmhDP0NNy4UcevPuPNvTKcVVPTAhcM593LvPWHCmTYIfTiFhcWl5ZXiamltfWNzq7y909IyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOR9dTv31PlWZS3JlxQoMYDwSLGMHGSr6vhvLSO/JDanCvXEHuKfIuzhBELsqRk5p34kFvrlTAHI1e+d3vS5LGVBjCsdZdDyUmyLAyjHA6KfmppgkmIzygXUsFjqkOsvzmCTywSh9GUtkSBubq94kMx1qP49B2xtgM9W9vKv7ldVMT1YKMiSQ1VJDZoijl0Eg4DQD2maLE8LElmChmb4VkiBUmxsZUsiF8fQr/J61j16u61dtqpX41j6MI9sA+OAQeOAd1cAMaoAkISMADeALPTuo8Oi/O66y14MxndsEPOG+fdriRUw==</latexit>

⇢ = ↵

<latexit sha1_base64="8ac100rF+02Gn/T3PF2OLuMiV1U=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU9ho1XoQil48VrC1kISy2W6apZts2N0IJfRnePGgiFd/jTf/jds0goo+GHi8N8PMvCDlTGmEPqzKwuLS8kp1tba2vrG5Vd/e6SmRSUK7RHAh+wFWlLOEdjXTnPZTSXEccHoXjK9m/t09lYqJ5FZPUurHeJSwkBGsjeR6MhIXHuZphAf1BrJPkHN+iiCyUYGCtJxjBzql0gAlOoP6uzcUJItpognHSrkOSrWfY6kZ4XRa8zJFU0zGeERdQxMcU+XnxclTeGCUIQyFNJVoWKjfJ3IcKzWJA9MZYx2p395M/MtzMx22/JwlaaZpQuaLwoxDLeDsfzhkkhLNJ4ZgIpm5FZIIS0y0SalmQvj6FP5Peke207SbN81G+7KMowr2wD44BA44A21wDTqgCwgQ4AE8gWdLW4/Wi/U6b61Y5cwu+AHr7RNiD5FV</latexit>

⇢ =
1

2

<latexit sha1_base64="Y9bBQ8hJO/2fQd1sGnemS/BHTOg=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuSqZWrQuh6MZlBfuAJpTJdNIOnUzCzKRQQv7EjQtF3Pon7vwbp2kEFT1w4XDOvdx7jx9zprTjfFhLyyura+uljfLm1vbOrr2331FRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP7mZ+90plYpF4l7PYuqFeCRYwAjWRhrYtivH0ZUbSExSlKW1bGBXnOqZgy7PHehUnRw5aaBTBFGhVECB1sB+d4cRSUIqNOFYqT5yYu2lWGpGOM3KbqJojMkEj2jfUIFDqrw0vzyDx0YZwiCSpoSGufp9IsWhUrPQN50h1mP125uLf3n9RAcNL2UiTjQVZLEoSDjUEZzHAIdMUqL5zBBMJDO3QjLGJgVtwiqbEL4+hf+TTq2K6tX6Xb3SvC7iKIFDcAROAAIXoAluQQu0AQFT8ACewLOVWo/Wi/W6aF2yipkD8APW2yeRPpOh</latexit>

J =
1

4

<latexit sha1_base64="Oy3Xn8nXaZTV+JTlFcFTaJnnj6Q=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFTIatS6EohtxVcE+oA1lMp20QyeTODMplJDvcONCEbd+jDv/xmlaQUUPXDiccy/33uPHnCntOB9WYWFxaXmluFpaW9/Y3Cpv7zRVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y+upn5rTKVikbjTk5h6IR4IFjCCtZG8m4tuIDFJUZa6Wa9ccewTB52fOtCxnRw5qaJjBNFcqYA56r3ye7cfkSSkQhOOleogJ9ZeiqVmhNOs1E0UjTEZ4QHtGCpwSJWX5kdn8MAofRhE0pTQMFe/T6Q4VGoS+qYzxHqofntT8S+vk+ig6qVMxImmgswWBQmHOoLTBGCfSUo0nxiCiWTmVkiG2KSgTU4lE8LXp/B/0jyykWu7t26ldjmPowj2wD44BAicgRq4BnXQAATcgwfwBJ6tsfVovVivs9aCNZ/ZBT9gvX0CjL2R+Q==</latexit>

Maximum Current

↵

<latexit sha1_base64="VG4r2XDgj4Vvw8IzTn+HFYIO3SA=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07KrVeut6MVjBfsB7VKyabaNZpMlyQpl6X/w4kERr/4fb/4b020FFX0w8Hhvhpl5YcKZNp734RQWFpeWV4qrpbX1jc2t8vZOS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTu8u5z67XuqNJPixowTGsR4KFjECDZWavUwT0a4X6547onnn596yHO9HDmp+cc+8udKBeZo9MvvvYEkaUyFIRxr3fW9xAQZVoYRTielXqppgskdHtKupQLHVAdZfu0EHVhlgCKpbAmDcvX7RIZjrcdxaDtjbEb6tzcV//K6qYlqQcZEkhoqyGxRlHJkJJq+jgZMUWL42BJMFLO3IjLCChNjAyrZEL4+Rf+T1pHrV93qdbVSv5jHUYQ92IdD8OEM6nAFDWgCgVt4gCd4dqTz6Lw4r7PWgjOf2YUfcN4+Ab9Aj0E=</latexit>

�

<latexit sha1_base64="ChCgK5UnrZmdd51c/fRYZFcmQHs=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0i0ar0VvXisYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btMIKvpg4PHeDDPzgkRwDY7zYZWWlldW18rrlY3Nre2d6u5eW8eposyjsYhVNyCaCS6ZBxwE6yaKkSgQrBNMrud+554pzWN5B9OE+REZSR5ySsBIXj9gQAbVmmOfOe7luYMd28mRk4Z76mK3UGqoQGtQfe8PY5pGTAIVROue6yTgZ0QBp4LNKv1Us4TQCRmxnqGSREz7WX7sDB8ZZYjDWJmSgHP1+0RGIq2nUWA6IwJj/dubi395vRTChp9xmaTAJF0sClOBIcbzz/GQK0ZBTA0hVHFzK6ZjoggFk0/FhPD1Kf6ftE9st27Xb+u15lURRxkdoEN0jFx0gZroBrWQhyji6AE9oWdLWo/Wi/W6aC1Zxcw++gHr7RP3lY7N</latexit>

1

2

<latexit sha1_base64="5zUwDUWdSnQRHaTj3WQG4p0Z5wk=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXZVKr1l3RjcsK9gHToWTSTBuaSYYkI5RhPsONC0Xc+jXu/BvT6QgqeuDC4Zx7ufeeIOZMG9f9cJaWV1bX1ksb5c2t7Z3dyt5+V8tEEdohkkvVD7CmnAnaMcxw2o8VxVHAaS+YXs/93j1VmklxZ2Yx9SM8FixkBBsreYNQYZKiLK1nw0rVrZ256PLchW7NzZGTJjpFEBVKFRRoDyvvg5EkSUSFIRxr7SE3Nn6KlWGE06w8SDSNMZniMfUsFTii2k/zkzN4bJURDKWyJQzM1e8TKY60nkWB7Yywmejf3lz8y/MSEzb9lIk4MVSQxaIw4dBIOP8fjpiixPCZJZgoZm+FZIJtCsamVLYhfH0K/yfdeg01ao3bRrV1VcRRAofgCJwABC5AC9yANugAAiR4AE/g2THOo/PivC5al5xi5gD8gPP2CWz/kVw=</latexit>

1

2

<latexit sha1_base64="5zUwDUWdSnQRHaTj3WQG4p0Z5wk=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXZVKr1l3RjcsK9gHToWTSTBuaSYYkI5RhPsONC0Xc+jXu/BvT6QgqeuDC4Zx7ufeeIOZMG9f9cJaWV1bX1ksb5c2t7Z3dyt5+V8tEEdohkkvVD7CmnAnaMcxw2o8VxVHAaS+YXs/93j1VmklxZ2Yx9SM8FixkBBsreYNQYZKiLK1nw0rVrZ256PLchW7NzZGTJjpFEBVKFRRoDyvvg5EkSUSFIRxr7SE3Nn6KlWGE06w8SDSNMZniMfUsFTii2k/zkzN4bJURDKWyJQzM1e8TKY60nkWB7Yywmejf3lz8y/MSEzb9lIk4MVSQxaIw4dBIOP8fjpiixPCZJZgoZm+FZIJtCsamVLYhfH0K/yfdeg01ao3bRrV1VcRRAofgCJwABC5AC9yANugAAiR4AE/g2THOo/PivC5al5xi5gD8gPP2CWz/kVw=</latexit>

B Derrida, M R Evans, V Hakim and V Pasquier, Journal of Physics A (1999).



Question: 
Is it possible to generalize this process and its exact solution?

↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

↵0

<latexit sha1_base64="4vl+zK3dPpIi8kbGhB62UwQOVDo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkUI9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOn0UyRgvB+WKW3UXIOvEy0kFcjQH5a/+MKZpxKShArXueW5i/AyV4VSwWamfapYgneCI9SyVGDHtZ4tzZ+TCKkMSxsqWNGSh/p7IMNJ6GgW2M0Iz1qveXPzP66UmvPEzLpPUMEmXi8JUEBOT+e9kyBWjRkwtQaq4vZXQMSqkxiZUsiF4qy+vk/Z11atV6w+1SuM2j6MIZ3AOV+BBHRpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP/Epj1M=</latexit>

�0

<latexit sha1_base64="zCyG1cXQ+Xrz+JGMoNsH5YxrTzs=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE9lUQK9Vj04rGC/YA2lM120q7d7IbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpuaZkqik0quVSdkGjkTGDTMMOxkygkccixHY5vZ377CZVmUjyYSYJBTIaCRYwSY6VWL0RDLvqlslfx5nBXiZ+TMuRo9EtfvYGkaYzCUE607vpeYoKMKMMox2mxl2pMCB2TIXYtFSRGHWTza6fuuVUGbiSVLWHcufp7IiOx1pM4tJ0xMSO97M3E/7xuaqLrIGMiSQ0KulgUpdw10p297g6YQmr4xBJCFbO3unREFKHGBlS0IfjLL6+S1lXFr1Zq99Vy/SaPowCncAaX4EMN6nAHDWgChUd4hld4c6Tz4rw7H4vWNSefOYE/cD5/ACkhjt8=</latexit>

�

<latexit sha1_base64="DHEvNiWeANsgitPRCfSB44FtEFc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6BmgkvWNtwI1ksVwzgQrBtM7uZ+94kpzRP5aKYp82McSR5xisZK3YGw0RCH1Zpbdxcg68QrSA0KtIbVr0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmGVkESJsk8aslB/T+QYaz2NA5uM0Yz1qjcX//P6mYlu/JzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyeukc1X3ruuNh+ta87aoowxncA6X4EEDmnAPLWgDhQk8wyu8Oanz4rw7H8toySlmTuEPnM8fQAGPhw==</latexit>

1

<latexit sha1_base64="Xj6GR5MJByX83xXwjpEmvYy2b08=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W962qteV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDfdmMvw==</latexit>

Making the process partially asymmetric?



Adding other microscopic processes?

Pair annihilation

Pair Creation



Different types of particles

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

↵i

<latexit sha1_base64="gmy/oUeLYiJrStDpo653V4Gs32M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2Vun0UyRgHfFCuuFV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmlfVb1atX5fqzRu8jiKcAbncAke1KEBd9CEFlAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMM/I/+</latexit>

�i

<latexit sha1_base64="Sn2+HXeT4XXcWTEhG9RNtLfTsB4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1GPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw5HnfTmFjc2t7p7hb2ts/ODwqH5+0TJJpjk2eyER3QmZQCoVNEiSxk2pkcSixHY7v5n77CbURiXqkSYpBzIZKRIIzslK7FyKxvuiXK17VW8BdJ35OKpCj0S9/9QYJz2JUxCUzput7KQVTpklwibNSLzOYMj5mQ+xaqliMJpguzp25F1YZuFGibSlyF+rviSmLjZnEoe2MGY3MqjcX//O6GUU3wVSoNCNUfLkoyqRLiTv/3R0IjZzkxBLGtbC3unzENONkEyrZEPzVl9dJ66rqX1drD9eV+m0eRxHO4BwuwYca1OEeGtAEDmN4hld4c1LnxXl3PpatBSefOYU/cD5/AER5j4o=</latexit>



The basic Challenge

Defining a non-trivial process which is still Exactly Solvable.

How many particles?

The rates of hopping?

The rates of interaction?

The rates of injection and extraction?



The solution: Mathematical Beauty
Follow the reverse path and 

Start from a consistent Algebra

D1

<latexit sha1_base64="e/vy1mFb219h2Pa7NnvEOrhB0zQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw23f65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dr9ZaV+ncdRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w+/pY12</latexit>

D2

<latexit sha1_base64="S2NYL3wIZidCyzJTBwNI7Lv9Dr8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGQDwG9eAxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+Z++wmV5rF8NJME/YgOJQ85o8ZKD7f9Sr9YcsvuAmSdeBkpQYZGv/jVG8QsjVAaJqjWXc9NjD+lynAmcFbopRoTysZ0iF1LJY1Q+9PFqTNyYZUBCWNlSxqyUH9PTGmk9SQKbGdEzUivenPxP6+bmvDKn3KZpAYlWy4KU0FMTOZ/kwFXyIyYWEKZ4vZWwkZUUWZsOgUbgrf68jppVcpetVy7r5bq11kceTiDc7gED2pQhztoQBMYDOEZXuHNEc6L8+58LFtzTjZzCn/gfP4AwSmNdw==</latexit>

D3

<latexit sha1_base64="flNpVhnXcsqDcm5Hitm6XcigSes=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqIB6DevAY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVI44T7kd0oEQoGEUrPdz2LnvFklt25yCrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6EahRM8mmhmxqeUDaiA96xVNGIG38yP3VKzqzSJ2GsbSkkc/X3xIRGxoyjwHZGFIdm2ZuJ/3mdFMMrfyJUkiJXbLEoTCXBmMz+Jn2hOUM5toQyLeythA2ppgxtOgUbgrf88ippXpS9Srl6XynVrrM48nACp3AOHlShBndQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBwq2NeA==</latexit>

Dp

<latexit sha1_base64="rKTphmbD3vGdu5HvHKpFcY1uif8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw20/6ZcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dr9ZaV+ncdRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8fMI21</latexit>

E

<latexit sha1_base64="HYUJETCPsAr1TVSYPWhad89WZUc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIB6DInhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt3O//YRK81g+mEmCfkSHkoecUWOlxl2/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rw2p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvUq52qiUajdZHHk4g3O4BA+qUIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AJwpjNM=</latexit>

···

<latexit sha1_base64="k/A90g4AjV2XYmDdva2gsNq/EuU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC69qciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/sZOPOQ==</latexit>

DiE =?

<latexit sha1_base64="Drq1tNcT7jT15ejEkN8645YqAUU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKIF7E4AM8RjAPSJYwO5lNxszOLDOzQljyD148KOLV//Hm3zhJ9qCJBQ1FVTfdXUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGF1P/dYTVZpJ8WDGMfUjPBAsZAQbKzVveuz24rJXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx47qdMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM/KXqVcva+UaldZHHk4gmM4BQ+qUIM7qEMDCDzCM7zCmyOdF+fd+Zi35pxs5hD+wPn8AavQjo0=</latexit>

DjDi =?

<latexit sha1_base64="UhQ6sdruQWU5klBR4OoRVBD6G1g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mk0F7Eoj14rGA/oA1hs920azebuLsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/PHNzO88UalYJO71JKZuiIeCBYxgbaRuw3toeOzyyiuW7LI9B1olTkZKkKHpFb/6g4gkIRWacKxUz7Fj7aZYakY4nRb6iaIxJmM8pD1DBQ6pctP5vVN0ZpQBCiJpSmg0V39PpDhUahL6pjPEeqSWvZn4n9dLdFBzUybiRFNBFouChCMdodnzaMAkJZpPDMFEMnMrIiMsMdEmooIJwVl+eZW0L8pOpVy9q5Tq11kceTiBUzgHB6pQh1toQgsIcHiGV3izHq0X6936WLTmrGzmGP7A+vwBKX6PaQ==</latexit>

Di(DjDk) = (DiDj)Dk

<latexit sha1_base64="Pp2AqnxjPxp2q2kxUqQ+vE4c/0U=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzfBIrSbkkihboSiXbisYC/QhjCZTtqxk0mYmQgldOOruHGhiFsfw51v47TNQlt/GPjmP+cwc34/ZlQq2/42cmvrG5tb+e3Czu7e/oF5eNSWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj++mdU7j0RIGvF7NYmJG6IhpwHFSGnLM08aHi01vIeGNy5faaCay/rimUW7Ys9lrYKTQREyNT3zqz+IcBISrjBDUvYcO1ZuioSimJFpoZ9IEiM8RkPS08hRSKSbzheYWufaGVhBJPThypq7vydSFEo5CX3dGSI1ksu1mflfrZeo4NJNKY8TRThePBQkzFKRNUvDGlBBsGITDQgLqv9q4RESCCudWUGH4CyvvArti4pTrdTuqsX6dRZHHk7hDErgQA3qcAtNaAGGKTzDK7wZT8aL8W58LFpzRjZzDH9kfP4ACLOUyA==</latexit>

Di(DjE) = (DiDj)E

<latexit sha1_base64="xJfk5bHWIN4vEv+ZZhvV0+14CmU=">AAAB/HicbZBNS8MwGMfT+TbnW3VHL8EhbJfRymBehKEbeJzgXmArJc3SLS5NS5IKpcyv4sWDIl79IN78NmZbD7r5QMiP//95yJO/FzEqlWV9G7mNza3tnfxuYW//4PDIPD7pyjAWmHRwyELR95AkjHLSUVQx0o8EQYHHSM+b3sz93iMRkob8XiURcQI05tSnGCktuWax6dJy031oVa70RTVVWq5ZsqrWouA62BmUQFZt1/wajkIcB4QrzJCUA9uKlJMioShmZFYYxpJECE/RmAw0chQQ6aSL5WfwXCsj6IdCH67gQv09kaJAyiTwdGeA1ESuenPxP28QK//SSSmPYkU4Xj7kxwyqEM6TgCMqCFYs0YCwoHpXiCdIIKx0XgUdgr365XXoXlTtWrV+Vys1rrM48uAUnIEysEEdNMAtaIMOwCABz+AVvBlPxovxbnwsW3NGNlMEf8r4/AH3VpMO</latexit>

Demands:



The solution: Mathematical Beauty

There is only one consistent algebra!

D1

<latexit sha1_base64="e/vy1mFb219h2Pa7NnvEOrhB0zQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw23f65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dr9ZaV+ncdRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w+/pY12</latexit>

D2

<latexit sha1_base64="S2NYL3wIZidCyzJTBwNI7Lv9Dr8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGQDwG9eAxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+Z++wmV5rF8NJME/YgOJQ85o8ZKD7f9Sr9YcsvuAmSdeBkpQYZGv/jVG8QsjVAaJqjWXc9NjD+lynAmcFbopRoTysZ0iF1LJY1Q+9PFqTNyYZUBCWNlSxqyUH9PTGmk9SQKbGdEzUivenPxP6+bmvDKn3KZpAYlWy4KU0FMTOZ/kwFXyIyYWEKZ4vZWwkZUUWZsOgUbgrf68jppVcpetVy7r5bq11kceTiDc7gED2pQhztoQBMYDOEZXuHNEc6L8+58LFtzTjZzCn/gfP4AwSmNdw==</latexit>

D3

<latexit sha1_base64="flNpVhnXcsqDcm5Hitm6XcigSes=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqIB6DevAY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVI44T7kd0oEQoGEUrPdz2LnvFklt25yCrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6EahRM8mmhmxqeUDaiA96xVNGIG38yP3VKzqzSJ2GsbSkkc/X3xIRGxoyjwHZGFIdm2ZuJ/3mdFMMrfyJUkiJXbLEoTCXBmMz+Jn2hOUM5toQyLeythA2ppgxtOgUbgrf88ippXpS9Srl6XynVrrM48nACp3AOHlShBndQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBwq2NeA==</latexit>

Dp

<latexit sha1_base64="rKTphmbD3vGdu5HvHKpFcY1uif8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw20/6ZcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dr9ZaV+ncdRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8fMI21</latexit>

E

<latexit sha1_base64="HYUJETCPsAr1TVSYPWhad89WZUc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKIB6DInhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt3O//YRK81g+mEmCfkSHkoecUWOlxl2/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rw2p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvUq52qiUajdZHHk4g3O4BA+qUIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AJwpjNM=</latexit>

···

<latexit sha1_base64="k/A90g4AjV2XYmDdva2gsNq/EuU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC69qciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/sZOPOQ==</latexit>

DiE =
1

vi
Di + E

<latexit sha1_base64="eM/e4PfR/1buOf8wY9FAXoB0cEo=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiCEJJpFA3QlELLivYB7QhTKaTdujkwcykUEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89XsyZVJb1baysrq1vbBa2its7u3v75sFhS0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90e3Ub4+pkCwKH9Ukpk6AByHzGcFKS655fOey+nXPF5ikdpaOXZZp5aLumiWrbM2AlomdkxLkaLjmV68fkSSgoSIcS9m1rVg5KRaKEU6zYi+RNMZkhAe0q2mIAyqddPZAhs600kd+JHSFCs3U3xMpDqScBJ7uDLAaykVvKv7ndRPlXzkpC+NE0ZDMF/kJRypC0zRQnwlKFJ9ogolg+lZEhliHoXRmRR2CvfjyMmldlu1KufpQKdVu8jgKcAKncA42VKEG99CAJhDI4Ble4c14Ml6Md+Nj3rpi5DNH8AfG5w/pyZX8</latexit>

DjDi =
viDj � vjDi

vi � vj
j > i

<latexit sha1_base64="+Crje4cTqmifLFjlQJMq+MZXklw=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDOlUDdK0S5cVrAP6AxDJs20aTMPkkyhDP0PN/6KGxeKuBJc+DdmpiNo6wmBc8+5l+QeN2JUSMP40lZW19Y3Ngtbxe2d3b19/eCwLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru+Cb1OxPCBQ2DezmNiO2jQUA9ipFUkqNXGs6o4dBLy+MIJxOHqvp8kmmztEz5zII/B46uqKOXjLKRAS4TMyclkKPp6B9WP8SxTwKJGRKiZxqRtBPEJcWMzIpWLEiE8BgNSE/RAPlE2Em22wyeKqUPvZCrG0iYqb8nEuQLMfVd1ekjORSLXir+5/Vi6V3YCQ2iWJIAzx/yYgZlCNOgYJ9ygiWbKoIwp+qvEA+RSkmqOIsqBHNx5WXSrpTNarl2Vy3Vr/M4CuAYnIAzYIIaqINb0AQtgMEDeAIv4FV71J61N+193rqi5TNH4A+0z2+6EJ/x</latexit>

What are the meaning of these parameters?



DiE =
1

vi
Di + E

<latexit sha1_base64="eM/e4PfR/1buOf8wY9FAXoB0cEo=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiCEJJpFA3QlELLivYB7QhTKaTdujkwcykUEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89XsyZVJb1baysrq1vbBa2its7u3v75sFhS0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90e3Ub4+pkCwKH9Ukpk6AByHzGcFKS655fOey+nXPF5ikdpaOXZZp5aLumiWrbM2AlomdkxLkaLjmV68fkSSgoSIcS9m1rVg5KRaKEU6zYi+RNMZkhAe0q2mIAyqddPZAhs600kd+JHSFCs3U3xMpDqScBJ7uDLAaykVvKv7ndRPlXzkpC+NE0ZDMF/kJRypC0zRQnwlKFJ9ogolg+lZEhliHoXRmRR2CvfjyMmldlu1KufpQKdVu8jgKcAKncA42VKEG99CAJhDI4Ble4c14Ml6Md+Nj3rpi5DNH8AfG5w/pyZX8</latexit>

DjDi =
viDj � vjDi

vi � vj
j > i

<latexit sha1_base64="+Crje4cTqmifLFjlQJMq+MZXklw=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDOlUDdK0S5cVrAP6AxDJs20aTMPkkyhDP0PN/6KGxeKuBJc+DdmpiNo6wmBc8+5l+QeN2JUSMP40lZW19Y3Ngtbxe2d3b19/eCwLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru+Cb1OxPCBQ2DezmNiO2jQUA9ipFUkqNXGs6o4dBLy+MIJxOHqvp8kmmztEz5zII/B46uqKOXjLKRAS4TMyclkKPp6B9WP8SxTwKJGRKiZxqRtBPEJcWMzIpWLEiE8BgNSE/RAPlE2Em22wyeKqUPvZCrG0iYqb8nEuQLMfVd1ekjORSLXir+5/Vi6V3YCQ2iWJIAzx/yYgZlCNOgYJ9ygiWbKoIwp+qvEA+RSkmqOIsqBHNx5WXSrpTNarl2Vy3Vr/M4CuAYnIAzYIIaqINb0AQtgMEDeAIv4FV71J61N+193rqi5TNH4A+0z2+6EJ/x</latexit>

Go backward and find the Hamiltonian

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

vj � vi

<latexit sha1_base64="kXOA7JVT5Uj/jaL+v/HsuIuPhfY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXCvVY9OKxgv2AdlmyabaNzWZDki2UpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbC8d3c70yo0iwRj2YqqR/joWARI9hYqTMJnq4mAQvKFbfqLoDWiZeTCuRoBuWv/iAhaUyFIRxr3fNcafwMK8MIp7NSP9VUYjLGQ9qzVOCYaj9bnDtDF1YZoChRtoRBC/X3RIZjradxaDtjbEZ61ZuL/3m91EQ3fsaETA0VZLkoSjkyCZr/jgZMUWL41BJMFLO3IjLCChNjEyrZELzVl9dJ+7rq1ar1h1qlcZvHUYQzOIdL8KAODbiHJrSAwBie4RXeHOm8OO/Ox7K14OQzp/AHzucPIxePdA==</latexit>

vp � vp�1 � · · · v1 � 0

<latexit sha1_base64="5rSq8piFM0TKkxaorxT/EdR/wkE=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSpBlcpYwcJYJHqR2ihyHKe16jjGdipVUV+AhVdhYQAhVnY23gY3zQAtv2Tp83/OkX3+QDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVkkqMWnhhCWyGyBFGOWkpalmpCskQXHASCcY3czqnTGRiib8Xk8E8WI04DSiGGlj+fbp2Bf9AXmAYz8TF+405z4OE62M5eZXx7crTtXJBZfBLaACCjV9+6sfJjiNCdeYIaV6riO0lyGpKWZkWu6nigiER2hAegY5ionysnybKTwzTgijRJrDNczd3xMZipWaxIHpjJEeqsXazPyv1kt1dOVllItUE47nD0UpgzqBs2hgSCXBmk0MICyp+SvEQyQR1ibAsgnBXVx5GdqXVbdWrd/VKo3rIo4SOAYn4By4oA4a4BY0QQtg8AiewSt4s56sF+vd+pi3rljFzBH4I+vzByQmmvc=</latexit>

Multi-species asymmetric simple exclusion process and its relation to traffic flow, 
V. Karimipour, Phys. Rev. E, 1999. 



Different types of particles

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

↵vi

<latexit sha1_base64="CTPBMkUah5RscVlrcewutejOofc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oUy2m3bpZhN2N4US+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38399oQpzWP5aKYJ8yMcSh5yisZKTz0UyQjJpM/75YpbdRcg68TLSQVyNPrlr94gpmnEpKECte56bmL8DJXhVLBZqZdqliAd45B1LZUYMe1ni4tn5MIqAxLGypY0ZKH+nsgw0noaBbYzQjPSq95c/M/rpia88TMuk9QwSZeLwlQQE5P5+2TAFaNGTC1Bqri9ldARKqTGhlSyIXirL6+T1lXVu67WHq4r9ds8jiKcwTlcggc1qMM9NKAJFCQ8wyu8Odp5cd6dj2VrwclnTuEPnM8fQFmQqA==</latexit>

�vi

<latexit sha1_base64="JFkMNOv6WefHnumjuAm80ZQV7IM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ie0oWy2m3bpbhJ2J4US+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpYh4EwVK3kk0pyqQvB2M7+Z+e8K1EXH0iNOE+4oOIxEKRtFKT72AIyWTvuiXK27VXYCsEy8nFcjR6Je/eoOYpYpHyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xraUQVN362OHhGLqwyIGGsbUVIFurviYwqY6YqsJ2K4sisenPxP6+bYnjjZyJKUuQRWy4KU0kwJvPvyUBozlBOLaFMC3srYSOqKUObUcmG4K2+vE5aV1Xvulp7uK7Ub/M4inAG53AJHtSgDvfQgCYwUPAMr/DmaOfFeXc+lq0FJ585hT9wPn8Adv6QNA==</latexit>



 Relation to Traffic Flow

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

vj � vi

<latexit sha1_base64="kXOA7JVT5Uj/jaL+v/HsuIuPhfY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXCvVY9OKxgv2AdlmyabaNzWZDki2UpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbC8d3c70yo0iwRj2YqqR/joWARI9hYqTMJnq4mAQvKFbfqLoDWiZeTCuRoBuWv/iAhaUyFIRxr3fNcafwMK8MIp7NSP9VUYjLGQ9qzVOCYaj9bnDtDF1YZoChRtoRBC/X3RIZjradxaDtjbEZ61ZuL/3m91EQ3fsaETA0VZLkoSjkyCZr/jgZMUWL41BJMFLO3IjLCChNjEyrZELzVl9dJ+7rq1ar1h1qlcZvHUYQzOIdL8KAODbiHJrSAwBie4RXeHOm8OO/Ox7K14OQzp/AHzucPIxePdA==</latexit>

vi

<latexit sha1_base64="Dmu990fj1eLC07CN0WmF75GLdOg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOnzfrniVt0FyDrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwVuqlGhPKxnSIXUsljVD72eLUGbmwyoCEsbIlDVmovycyGmk9jQLbGVEz0qveXPzP66YmvPEzLpPUoGTLRWEqiInJ/G8y4AqZEVNLKFPc3krYiCrKjE2nZEPwVl9eJ62rqnddrT1cV+q3eRxFOINzuAQPalCHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gBgwI3g</latexit>

vj � vi

<latexit sha1_base64="kXOA7JVT5Uj/jaL+v/HsuIuPhfY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXCvVY9OKxgv2AdlmyabaNzWZDki2UpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbC8d3c70yo0iwRj2YqqR/joWARI9hYqTMJnq4mAQvKFbfqLoDWiZeTCuRoBuWv/iAhaUyFIRxr3fNcafwMK8MIp7NSP9VUYjLGQ9qzVOCYaj9bnDtDF1YZoChRtoRBC/X3RIZjradxaDtjbEZ61ZuL/3m91EQ3fsaETA0VZLkoSjkyCZr/jgZMUWL41BJMFLO3IjLCChNjEyrZELzVl9dJ+7rq1ar1h1qlcZvHUYQzOIdL8KAODbiHJrSAwBie4RXeHOm8OO/Ox7K14OQzp/AHzucPIxePdA==</latexit>



Multi-species asymmetric simple exclusion process and its relation to traffic flow, 
V. Karimipour, Phys. Rev. E, 1999. 

hvi =
Z 1

0
vP (v)dv

<latexit sha1_base64="DhVUURejU6+I35w7FbOdd+BiktQ=">AAACD3icbZDLSgMxFIYzXmu9VV26CRalbsqMFOpGKLpxWcFeoFNLJs20oZnMkJwZGErfwI2v4saFIm7duvNtTNtZaOuBkI//P4fk/F4kuAbb/rZWVtfWNzZzW/ntnd29/cLBYVOHsaKsQUMRqrZHNBNcsgZwEKwdKUYCT7CWN7qZ+q2EKc1DeQ9pxLoBGUjuc0rASL3CmSuIHAiGE1fN4MrlEnr2g7l8SHFSLyXn/aRXKNple1Z4GZwMiiireq/w5fZDGgdMAhVE645jR9AdEwWcCjbJu7FmEaEjMmAdg5IETHfHs30m+NQofeyHyhwJeKb+nhiTQOs08ExnQGCoF72p+J/XicG/7I65jGJgks4f8mOBIcTTcHCfK0ZBpAYIVdz8FdMhUYSCiTBvQnAWV16G5kXZqZSrd5Vi7TqLI4eO0QkqIQdVUQ3dojpqIIoe0TN6RW/Wk/VivVsf89YVK5s5Qn/K+vwBcNicSQ==</latexit>

l[P ] :=
1

v21
� h v

(v � v1)2
i

<latexit sha1_base64="ZP70avSEriWniQxqmejc3ezObVs=">AAACIXicbZDLSsNAFIYnXmu9VV26GSxCXbQkpdAiCEU3LivYCyQxTKaTduhkEmYmhRLyKm58FTcuFOlOfBmnl4W2Hhj4+b9zOHN+P2ZUKtP8MjY2t7Z3dnN7+f2Dw6PjwslpR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+6G7Gu2MiJI34o5rExA3RgNOAYqS05RUazG651zdOIBBOrSwde9ZTNSs7DPEBI3Dhj7O0NC5rdKWZI+bIKxTNijkvuC6spSiCZbW8wtTpRzgJCVeYISlty4yVmyKhKGYkyzuJJDHCIzQgtpYchUS66fzCDF5qpw+DSOjHFZy7vydSFEo5CX3dGSI1lKtsZv7H7EQFDTelPE4U4XixKEgYVBGcxQX7VBCs2EQLhAXVf4V4iHQoSoea1yFYqyevi061YtUq9YdasXm7jCMHzsEFKAEL1EET3IMWaAMMnsEreAcfxovxZnwa00XrhrGcOQN/yvj+Add6o1g=</latexit>



↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

High Density Phase

Low Density Phase Maximal Current

↵m

<latexit sha1_base64="tdxNEvrikwhYbDPVyJHxE9rQ10E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M79zhNTmsfRg5kmzJc4injIKRordfsokjEO5KBccavuAmSdeDmpQI7moPzVH8Y0lSwyVKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lEUqm/Wxx74xcWGVIwljZigxZqL8nMpRaT2VgOyWasV715uJ/Xi814bWf8ShJDYvoclGYCmJiMn+eDLli1IipJUgVt7cSOkaF1NiISjYEb/XlddK+qnq1av2+Vmnc5HEU4QzO4RI8qEMD7qAJLaAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wcTDJAC</latexit>

�m

<latexit sha1_base64="WVveWWyn8Dij7MWexP3GPOB8Qjk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZDZmaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fju7nffuLGikQ/4iTloaJDLWLBKDqp3Ys40r7qlyt+1V+ArJMgJxXI0eiXv3qDhGWKa2SSWtsN/BTDKTUomOSzUi+zPKVsTIe866imittwujh3Ri6cMiBxYlxpJAv198SUKmsnKnKdiuLIrnpz8T+vm2F8E06FTjPkmi0XxZkkmJD572QgDGcoJ45QZoS7lbARNZShS6jkQghWX14nratqcF2tPVxX6rd5HEU4g3O4hABqUId7aEATGIzhGV7hzUu9F+/d+1i2Frx85hT+wPv8AUqJj44=</latexit>

M. Khorrami, V. Karimipour, Jour. Stat. Phys, 2000. 

l[P ] < 0

<latexit sha1_base64="QlxnbGbS1lUCHNhd9yczkn6ln/M=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kkBQWQRvLCOYDLkfY2+wla/Z2j909IRz5DzYWitj6f+z8N26SKzTxwcDjvRlm5oUJZ9q47rdT2Njc2t4p7pb29g8Oj8rHJx0tU0Vom0guVS/EmnImaNsww2kvURTHIafdcHI797tPVGkmxYOZJjSI8UiwiBFsrNThfiu4dgflilt1F0DrxMtJBXK0BuWv/lCSNKbCEI619j03MUGGlWGE01mpn2qaYDLBI+pbKnBMdZAtrp2hC6sMUSSVLWHQQv09keFY62kc2s4Ym7Fe9ebif56fmqgRZEwkqaGCLBdFKUdGovnraMgUJYZPLcFEMXsrImOsMDE2oJINwVt9eZ10rqperVq/r1WaN3kcRTiDc7gED+rQhDtoQRsIPMIzvMKbI50X5935WLYWnHzmFP7A+fwByTiOoA==</latexit>



↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

High Density Phase

Low Density Phase Maximal Current

↵m

<latexit sha1_base64="tdxNEvrikwhYbDPVyJHxE9rQ10E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M79zhNTmsfRg5kmzJc4injIKRordfsokjEO5KBccavuAmSdeDmpQI7moPzVH8Y0lSwyVKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lEUqm/Wxx74xcWGVIwljZigxZqL8nMpRaT2VgOyWasV715uJ/Xi814bWf8ShJDYvoclGYCmJiMn+eDLli1IipJUgVt7cSOkaF1NiISjYEb/XlddK+qnq1av2+Vmnc5HEU4QzO4RI8qEMD7qAJLaAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wcTDJAC</latexit>

�m

<latexit sha1_base64="WVveWWyn8Dij7MWexP3GPOB8Qjk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZDZmaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fju7nffuLGikQ/4iTloaJDLWLBKDqp3Ys40r7qlyt+1V+ArJMgJxXI0eiXv3qDhGWKa2SSWtsN/BTDKTUomOSzUi+zPKVsTIe866imittwujh3Ri6cMiBxYlxpJAv198SUKmsnKnKdiuLIrnpz8T+vm2F8E06FTjPkmi0XxZkkmJD572QgDGcoJ45QZoS7lbARNZShS6jkQghWX14nratqcF2tPVxX6rd5HEU4g3O4hABqUId7aEATGIzhGV7hzUu9F+/d+1i2Frx85hT+wPv8AUqJj44=</latexit>

M. Khorrami, V. Karimipour, Jour. Stat. Phys, 2000. 



↵

<latexit sha1_base64="4P4rYRxi5KLRBp5rQPU/qTvv2aI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5YpbdRcg68TLSQVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5MIqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa89jMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9lXVq1Xr97VK4yaPowhncA6X4EEdGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AI69jyI=</latexit>

�

<latexit sha1_base64="jbdQ1aB1IWp+Q44prLxsRRi9raw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+yEaOqjW3Lq7AFknXkFqUKA1qH71hwnLYpSGCap1z3NTE+RUGc4Ezir9TGNK2YSOsGeppDHqIF8cOyMXVhmSKFG2pCEL9fdETmOtp3FoO2NqxnrVm4v/eb3MRDdBzmWaGZRsuSjKBDEJmX9OhlwhM2JqCWWK21sJG1NFmbH5VGwI3urL66R9Vfeu642H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPHEo6u</latexit>

Low Density Phase Maximal Current

↵m

<latexit sha1_base64="tdxNEvrikwhYbDPVyJHxE9rQ10E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ5lsN+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3M79zhNTmsfRg5kmzJc4injIKRordfsokjEO5KBccavuAmSdeDmpQI7moPzVH8Y0lSwyVKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lEUqm/Wxx74xcWGVIwljZigxZqL8nMpRaT2VgOyWasV715uJ/Xi814bWf8ShJDYvoclGYCmJiMn+eDLli1IipJUgVt7cSOkaF1NiISjYEb/XlddK+qnq1av2+Vmnc5HEU4QzO4RI8qEMD7qAJLaAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wcTDJAC</latexit>

�m

<latexit sha1_base64="WVveWWyn8Dij7MWexP3GPOB8Qjk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZDZmaXmV4hhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5p2SQzjDdZIhPTiajlUmjeRIGSd1LDqYokb0fju7nffuLGikQ/4iTloaJDLWLBKDqp3Ys40r7qlyt+1V+ArJMgJxXI0eiXv3qDhGWKa2SSWtsN/BTDKTUomOSzUi+zPKVsTIe866imittwujh3Ri6cMiBxYlxpJAv198SUKmsnKnKdiuLIrnpz8T+vm2F8E06FTjPkmi0XxZkkmJD572QgDGcoJ45QZoS7lbARNZShS6jkQghWX14nratqcF2tPVxX6rd5HEU4g3O4hABqUId7aEATGIzhGV7hzUu9F+/d+1i2Frx85hT+wPv8AUqJj44=</latexit>

M. Khorrami, V. Karimipour, Jour. Stat. Phys, 2000. 

l[P ] > 0

<latexit sha1_base64="71vg2P0BgTFDYN+ZGwKLtPSGFUw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQnuSohePFewHbJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpeiHWlDNB24YZTnuJojgOOe2Gk9u5332iSjMpHsw0oUGMR4JFjGBjpQ73W8G1OyhX3Kq7AFonXk4qkKM1KH/1h5KkMRWGcKy177mJCTKsDCOczkr9VNMEkwkeUd9SgWOqg2xx7QxdWGWIIqlsCYMW6u+JDMdaT+PQdsbYjPWqNxf/8/zURI0gYyJJDRVkuShKOTISzV9HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3urL66RzVfVq1fp9rdK8yeMowhmcwyV4UIcm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/MQo6i</latexit>



Extension to the quantum 
domain?

Matrix product representation of all valence bond states
V. Karimipour, L. Memarzadeh, Phys. Rev. B, 2008
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