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Permanent Review

Permanent:   Given              matrix 

Example:



Permanent complexity

Theorem [Valiant (1979)]:  The permanent of a matrix is       -hard to compute.# P
<latexit sha1_base64="yqfxobVhyLdRIhxJlyKgGF8LQ6w=">AAAB7XicbVC7TsNAEFyHVwiv8OhoTkRIVJFNw6OKREMZJEwixVY4X9bJKecHd2ekyMpvQIMQVHwFf8AP8CPUXBwKSJhqdmdWmtkgFVxp2/60SguLS8sr5dXK2vrG5lZ1e+dGJZlk6LJEJLIdUIWCx+hqrgW2U4k0CgS2guHFRG/do1Q8ia/1KEU/ov2Yh5xRbVa+VyNeRPVAhXlz3K3W7LpdgMwT54fUGnvvX7cA0OxWP7xewrIIY80EVarj2Kn2cyo1ZwLHFS9TmFI2pH3sGBrTCJWfF6HH5DBMJNEDJMX825vTSKlRFBhPkW1Wmyz/0zqZDk/9nMdppjFmxmK0MBNEJ2TSnfS4RKbFyBDKJDcpCRtQSZk2H6qY+s5s2XniHtfP6s6VecM5TFGGfTiAI3DgBBpwCU1wgcEdPMILvFqp9WA9Wc9Ta8n6udmFP7DevgGygpGG</latexit><latexit sha1_base64="F7gUnvGXh5qrQItqF8B21qmsoFg=">AAAB7XicbVA5TgNBEOw1lzGXOTKSERYSkbVLwhFZIiE0iMWWvCtrdtxrjzx7MDOLZK38DUgQgohX8AM+wAv4ATHjIwCbiqq7qqWqDlLBlbbtT6uwsLi0vFJcLa2tb2xulbd3blWSSYYuS0QimwFVKHiMruZaYDOVSKNAYCPoX4z0xj1KxZP4Rg9S9CPajXnIGdVm5XsV4kVU91SY14ftcsWu2mOQeeJMSaW29/7tetdf9Xb5w+skLIsw1kxQpVqOnWo/p1JzJnBY8jKFKWV92sWWoTGNUPn5OPSQHIaJJLqHZDz/9uY0UmoQBcYzzjarjZb/aa1Mh6d+zuM00xgzYzFamAmiEzLqTjpcItNiYAhlkpuUhPWopEybD5VMfWe27Dxxj6tnVefKvOEcJijCPhzAEThwAjW4hDq4wOAOHuEFXq3UerCerOeJtWBNb3bhD6y3H7WVkxA=</latexit><latexit sha1_base64="F7gUnvGXh5qrQItqF8B21qmsoFg=">AAAB7XicbVA5TgNBEOw1lzGXOTKSERYSkbVLwhFZIiE0iMWWvCtrdtxrjzx7MDOLZK38DUgQgohX8AM+wAv4ATHjIwCbiqq7qqWqDlLBlbbtT6uwsLi0vFJcLa2tb2xulbd3blWSSYYuS0QimwFVKHiMruZaYDOVSKNAYCPoX4z0xj1KxZP4Rg9S9CPajXnIGdVm5XsV4kVU91SY14ftcsWu2mOQeeJMSaW29/7tetdf9Xb5w+skLIsw1kxQpVqOnWo/p1JzJnBY8jKFKWV92sWWoTGNUPn5OPSQHIaJJLqHZDz/9uY0UmoQBcYzzjarjZb/aa1Mh6d+zuM00xgzYzFamAmiEzLqTjpcItNiYAhlkpuUhPWopEybD5VMfWe27Dxxj6tnVefKvOEcJijCPhzAEThwAjW4hDq4wOAOHuEFXq3UerCerOeJtWBNb3bhD6y3H7WVkxA=</latexit><latexit sha1_base64="JCSeVJc9DHgv+09uvKA90bWoq+c=">AAAB7XicbVC7TsNAEFyHVwivACXNCQuJKrJpeFSRaCiDhEmk2IrOl3VyyvnB3RkpsvIb0CAEFT/DD/A3XIwLSJhqdmdWmtkwE1xpx/myaiura+sb9c3G1vbO7l5z/+Bepblk6LFUpLIXUoWCJ+hprgX2Mok0DgV2w8n1XO8+olQ8Te70NMMgpqOER5xRbVaBbxM/pnqsoqIzGzRtp+WUIMvErYgNFTqD5qc/TFkeY6KZoEr1XSfTQUGl5kzgrOHnCjPKJnSEfUMTGqMKijL0jJxEqSR6jKScf3sLGis1jUPjKbMtavPlf1o/19FFUPAkyzUmzFiMFuWC6JTMu5Mhl8i0mBpCmeQmJWFjKinT5kMNU99dLLtMvLPWZcu9dez2VfWHOhzBMZyCC+fQhhvogAcMHuAZ3uDdyqwn68V6/bHWrOrmEP7A+vgGhRKPHw==</latexit>

-hardness:  Let         be an oracle which computes the permanent of a matrix.

# P ! FPper
<latexit sha1_base64="8olXctA9NohmqsryXD8FxFqPaiY=">AAACE3icbVDJSgNBFHzjbtzicvPSGARPYcaLy0kQxGMEY4RMjD3tG9PYs9j9RgzD/Ib+jLmI6EU/wB/xbCcquNWpuqoaXlWQKmnIdV+doeGR0bHxicnS1PTM7Fx5fuHIJJkWWBeJSvRxwA0qGWOdJCk8TjXyKFDYCC52+37jCrWRSXxI3RRbET+PZSgFJyu1y55f8SNOHRPmtYL5JgsMEl6yL3GvVpzkPuE1GZGnqIuiXa64VXcA9pd4n6Sys9R7OwWAWrv87J8lIoswJqG4MU3PTamVc01SKCxKfmYw5eKCn2PT0phHaFr5oFrBVsNEM+ogG7y/Z3MeGdONApsZ3Prb64v/ec2Mws1WLuM0I4yFjVgvzBSjhPUXYmdSoyDVtYQLLe2VTHS45oLsjiVb3/td9i+pr1e3qt6BnWEbPjABy7ACa+DBBuzAPtSgDgJuoQeP8OTcOHfOvfPwER1yPv8swg84L+83xqIA</latexit><latexit sha1_base64="nv0PFO2yZDpxH3zTANlovfvTcbo=">AAACE3icbVDJSgNBFOxxjXGLy81LYxA8hRkvLqeAIB6jOCaQiaGnfWMaexa734hhmN/QnzEXEb3oB/gF/oFnO4vgVqfqqmp4VX4ihUbbfrPGxicmp6YLM8XZufmFxdLS8qmOU8XB5bGMVcNnGqSIwEWBEhqJAhb6Eur+5X7fr1+D0iKOTrCbQCtkF5EIBGdopHbJ8cpeyLCjg6yWU0+nvgaEK/olHtTys8xDuEHNswRUnrdLZbtiD0D/EmdEytXV3ofrHb/X2qUX7zzmaQgRcsm0bjp2gq2MKRRcQl70Ug0J45fsApqGRiwE3coG1XK6EcSKYgfo4P09m7FQ627om8zg1t9eX/zPa6YY7LQyESUpQsRNxHhBKinGtL8QPRcKOMquIYwrYa6kvMMU42h2LJr6zu+yf4m7VdmtOEdmhj0yRIGskXWySRyyTarkkNSISzi5Iz3yRJ6tW+veerAeh9Exa/RnhfyA9foJOtmjig==</latexit><latexit sha1_base64="nv0PFO2yZDpxH3zTANlovfvTcbo=">AAACE3icbVDJSgNBFOxxjXGLy81LYxA8hRkvLqeAIB6jOCaQiaGnfWMaexa734hhmN/QnzEXEb3oB/gF/oFnO4vgVqfqqmp4VX4ihUbbfrPGxicmp6YLM8XZufmFxdLS8qmOU8XB5bGMVcNnGqSIwEWBEhqJAhb6Eur+5X7fr1+D0iKOTrCbQCtkF5EIBGdopHbJ8cpeyLCjg6yWU0+nvgaEK/olHtTys8xDuEHNswRUnrdLZbtiD0D/EmdEytXV3ofrHb/X2qUX7zzmaQgRcsm0bjp2gq2MKRRcQl70Ug0J45fsApqGRiwE3coG1XK6EcSKYgfo4P09m7FQ627om8zg1t9eX/zPa6YY7LQyESUpQsRNxHhBKinGtL8QPRcKOMquIYwrYa6kvMMU42h2LJr6zu+yf4m7VdmtOEdmhj0yRIGskXWySRyyTarkkNSISzi5Iz3yRJ6tW+veerAeh9Exa/RnhfyA9foJOtmjig==</latexit><latexit sha1_base64="ay4bfXkC2/4N8nAFltylVMC6hLE=">AAACE3icbVDJSgNBFOyJW4xb1KOXxiB4CjNeXE4BQTxGMCaQiaGn8yZp0rPY/UYMw/yG/oxeRPSiH+Df2BkjaGKdqquq4VV5sRQabfvTKszNLywuFZdLK6tr6xvlza0rHSWKQ4NHMlItj2mQIoQGCpTQihWwwJPQ9IanY795C0qLKLzEUQydgPVD4QvO0EjdsuNW3IDhQPtpPaOuTjwNCDf0RzyrZ9epi3CHmqcxqCzrlit21c5BZ4kzIRUyQb1bfnd7EU8CCJFLpnXbsWPspEyh4BKykptoiBkfsj60DQ1ZALqT5tUyuudHiuIAaP7+nU1ZoPUo8Ewmv3XaG4v/ee0E/aNOKsI4QQi5iRjPTyTFiI4Xoj2hgKMcGcK4EuZKygdMMY5mx5Kp70yXnSWNg+px1bmwK7WTyQ5FskN2yT5xyCGpkXNSJw3CyQN5Iq/kzbq3Hq1n6+U7WrAmf7bJH1gfXwpWn5k=</latexit>

per
<latexit sha1_base64="rGcg8r6mQIz+Cb35BqbFcP73szs=">AAAB7HicbZDLSgNBEEVrfMb4irp0MxgEV2HGjY+NATcuIzgmkAyhp1OTNOl50F0jhiGfoRsRBcHv8APci39j57HQxLs6Xfc21K0glUKT43xbC4tLyyurhbXi+sbm1nZpZ/dWJ5ni6PFEJqoRMI1SxOiRIImNVCGLAon1oH858ut3qLRI4hsapOhHrBuLUHBGZtRqEd6T5nmKatgulZ2KM5Y9D+4Uyhcfb19gVGuXPludhGcRxsQl07rpOin5OVMkuMRhsZVpTBnvsy42DcYsQu3n452H9mGYKJt6aI/fv7M5i7QeRIHJRIx6etYbDf/zmhmFp34u4jQjjLmJGC/MpE2JPapud4RCTnJggHElzJY27zHFOJkDFU19d7bsPHjHlbOKe+2Uq+cwUQH24QCOwIUTqMIV1MADDik8wgu8Won1YD1Zz5PogjX9swd/ZL3/AFBbkf4=</latexit><latexit sha1_base64="YYTZb+m+rt17a1JykvSSrk159zo=">AAAB7HicbZDLSsNAFIYnXmu8VV26CRbBVUnceAGx4MZlBWMLTSmT6Uk7dJIMMydiCX0M3YgoKD6HD+BefBunl4W2/qtvzv8PnP+EUnCNrvttzc0vLC4tF1bs1bX1jc3i1vaNTjPFwGepSFU9pBoET8BHjgLqUgGNQwG1sHcx9Gu3oDRPk2vsS2jGtJPwiDOKZhQECHeoWS5BDVrFklt2R3JmwZtA6fzj9cs+k2/VVvEzaKcsiyFBJqjWDc+V2MypQs4EDOwg0yAp69EONAwmNAbdzEc7D5z9KFUOdsEZvX9ncxpr3Y9Dk4kpdvW0Nxz+5zUyjI6bOU9khpAwEzFelAkHU2dY3WlzBQxF3wBlipstHdalijI0B7JNfW+67Cz4h+WTsnflliqnZKwC2SV75IB45IhUyCWpEp8wIskDeSYvVmrdW4/W0zg6Z03+7JA/st5/ABY7k1k=</latexit><latexit sha1_base64="YYTZb+m+rt17a1JykvSSrk159zo=">AAAB7HicbZDLSsNAFIYnXmu8VV26CRbBVUnceAGx4MZlBWMLTSmT6Uk7dJIMMydiCX0M3YgoKD6HD+BefBunl4W2/qtvzv8PnP+EUnCNrvttzc0vLC4tF1bs1bX1jc3i1vaNTjPFwGepSFU9pBoET8BHjgLqUgGNQwG1sHcx9Gu3oDRPk2vsS2jGtJPwiDOKZhQECHeoWS5BDVrFklt2R3JmwZtA6fzj9cs+k2/VVvEzaKcsiyFBJqjWDc+V2MypQs4EDOwg0yAp69EONAwmNAbdzEc7D5z9KFUOdsEZvX9ncxpr3Y9Dk4kpdvW0Nxz+5zUyjI6bOU9khpAwEzFelAkHU2dY3WlzBQxF3wBlipstHdalijI0B7JNfW+67Cz4h+WTsnflliqnZKwC2SV75IB45IhUyCWpEp8wIskDeSYvVmrdW4/W0zg6Z03+7JA/st5/ABY7k1k=</latexit><latexit sha1_base64="LYICWZwg7c7hnOQvTFabarGNO+8=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoSFn6mSiyMRSK0UhNVjnvTWnXiyL5BVFEfAxaEYOJpeAHeBrdkgJYzfb7nWLrnRpkUBl33y6msrK6tb1Q3a1vbO7t79f2De6NyzcHnSirdjZgBKVLwUaCEbqaBJZGETjS+nvmdB9BGqPQOJxmECRumIhacoR0FAcIjGl5koKf9esNtunPRZfBKaJBS7X79MxgonieQIpfMmJ7nZhgWTKPgEqa1IDeQMT5mQ+hZTFkCJizmO0/pSaw0xRHQ+ft3tmCJMZMkspmE4cgserPhf14vx/giLESa5QgptxHrxbmkqOisOh0IDRzlxALjWtgtKR8xzTjaA9VsfW+x7DL4Z83LpnfrNlpX5R2q5Igck1PikXPSIjekTXzCSUaeyRt5d5Tz5Lw4rz/RilP+OSR/5Hx8AwmMj4U=</latexit>

Question:   Can the permanent be e# ciently computed?

Probably not:                                          collapsesper ! PH =" PH
<latexit sha1_base64="hDrzCWHW55VonWti7DBP0YCqyus=">AAACFHicdVDLSgNBEJz1bXxFPXoZDIKnZUcTk1xE8OIxgtFANoTZsdcMzj6Y6RXDkt/Qn9GTqBfx7t84iRGiaJ2qu6qhqoNUSYOe9+FMTc/Mzs0vLBaWlldW14rrG+cmybSApkhUolsBN6BkDE2UqKCVauBRoOAiuD4e6hc3oI1M4jPsp9CJ+FUsQyk42lW3yHyEWzQiT0EPqC9j6kcceybMGyfDObIhwEwuu8WS5+6xMqvWqedWKmy/VrakflD2aowy1xuhRMZodItv/mUisghiFIob02Zeip2ca5RCwaDgZwZSLq75FbQtjXkEppOPqg3oTphoij2go3nSm/PImH4UWM8o3G9tuPxLa2cY1jq5jNMMIRbWYrUwUxQTOvwQvZQaBKq+JVxoaVNS0eOaC7R/LNj63x3p/+R8z2Wey07LpaPD8SMWyBbZJruEkSo5IiekQZpEkHvySF7Iq3PnPDhPzvOXdcoZ32ySH3DePwFPBZ+K</latexit><latexit sha1_base64="hDrzCWHW55VonWti7DBP0YCqyus=">AAACFHicdVDLSgNBEJz1bXxFPXoZDIKnZUcTk1xE8OIxgtFANoTZsdcMzj6Y6RXDkt/Qn9GTqBfx7t84iRGiaJ2qu6qhqoNUSYOe9+FMTc/Mzs0vLBaWlldW14rrG+cmybSApkhUolsBN6BkDE2UqKCVauBRoOAiuD4e6hc3oI1M4jPsp9CJ+FUsQyk42lW3yHyEWzQiT0EPqC9j6kcceybMGyfDObIhwEwuu8WS5+6xMqvWqedWKmy/VrakflD2aowy1xuhRMZodItv/mUisghiFIob02Zeip2ca5RCwaDgZwZSLq75FbQtjXkEppOPqg3oTphoij2go3nSm/PImH4UWM8o3G9tuPxLa2cY1jq5jNMMIRbWYrUwUxQTOvwQvZQaBKq+JVxoaVNS0eOaC7R/LNj63x3p/+R8z2Wey07LpaPD8SMWyBbZJruEkSo5IiekQZpEkHvySF7Iq3PnPDhPzvOXdcoZ32ySH3DePwFPBZ+K</latexit><latexit sha1_base64="hDrzCWHW55VonWti7DBP0YCqyus=">AAACFHicdVDLSgNBEJz1bXxFPXoZDIKnZUcTk1xE8OIxgtFANoTZsdcMzj6Y6RXDkt/Qn9GTqBfx7t84iRGiaJ2qu6qhqoNUSYOe9+FMTc/Mzs0vLBaWlldW14rrG+cmybSApkhUolsBN6BkDE2UqKCVauBRoOAiuD4e6hc3oI1M4jPsp9CJ+FUsQyk42lW3yHyEWzQiT0EPqC9j6kcceybMGyfDObIhwEwuu8WS5+6xMqvWqedWKmy/VrakflD2aowy1xuhRMZodItv/mUisghiFIob02Zeip2ca5RCwaDgZwZSLq75FbQtjXkEppOPqg3oTphoij2go3nSm/PImH4UWM8o3G9tuPxLa2cY1jq5jNMMIRbWYrUwUxQTOvwQvZQaBKq+JVxoaVNS0eOaC7R/LNj63x3p/+R8z2Wey07LpaPD8SMWyBbZJruEkSo5IiekQZpEkHvySF7Iq3PnPDhPzvOXdcoZ32ySH3DePwFPBZ+K</latexit><latexit sha1_base64="hDrzCWHW55VonWti7DBP0YCqyus=">AAACFHicdVDLSgNBEJz1bXxFPXoZDIKnZUcTk1xE8OIxgtFANoTZsdcMzj6Y6RXDkt/Qn9GTqBfx7t84iRGiaJ2qu6qhqoNUSYOe9+FMTc/Mzs0vLBaWlldW14rrG+cmybSApkhUolsBN6BkDE2UqKCVauBRoOAiuD4e6hc3oI1M4jPsp9CJ+FUsQyk42lW3yHyEWzQiT0EPqC9j6kcceybMGyfDObIhwEwuu8WS5+6xMqvWqedWKmy/VrakflD2aowy1xuhRMZodItv/mUisghiFIob02Zeip2ca5RCwaDgZwZSLq75FbQtjXkEppOPqg3oTphoij2go3nSm/PImH4UWM8o3G9tuPxLa2cY1jq5jNMMIRbWYrUwUxQTOvwQvZQaBKq+JVxoaVNS0eOaC7R/LNj63x3p/+R8z2Wey07LpaPD8SMWyBbZJruEkSo5IiekQZpEkHvySF7Iq3PnPDhPzvOXdcoZ32ySH3DePwFPBZ+K</latexit>

 RyserÕs/GlynnÕs formula:  Permanent can be computed in time              .



Permanent counts cycle covers

Combinatorial interpretation:   

- If     is adjacency matrix, then"
                             = the number of cycle covers of graph.

A
<latexit sha1_base64="Ud72YbPz56JyLXm/2LIky833Gzw=">AAAB4XicbZC7TgJBFIbP4g3xhlraTCQmVmTXxksjxsYSEldIYENmh7MwYfaSmVkTsuEFtDFGK0tfxAewN76Nw0Kh4F99c/5/kvMfPxFcadv+tgpLyyura8X10sbm1vZOeXfvTsWpZOiyWMSy5VOFgkfoaq4FthKJNPQFNv3h9cRv3qNUPI5u9ShBL6T9iAecUW1GjatuuWJX7VxkEZwZVC4/3r/AqN4tf3Z6MUtDjDQTVKm2Yyfay6jUnAkclzqpwoSyIe1j22BEQ1Reli86JkdBLIkeIMnfv7MZDZUahb7JhFQP1Lw3Gf7ntVMdnHkZj5JUY8RMxHhBKoiOyaQv6XGJTIuRAcokN1sSNqCSMm2uUjL1nfmyi+CeVM+rTsOu1C5gqiIcwCEcgwOnUIMbqIMLDBAe4QVerZ71YD1Zz9NowZr92Yc/st5+AD04jJs=</latexit><latexit sha1_base64="NuASX2qF80B39RVlTdMiQ8kTJaQ=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gRmwsE3BNIFnC7OQkGTJ7YWZWCEteQBsRrSz1QXwAe/FtnFwKTfyrb87/D5z/BIngSjvOt5VbWFxaXsmv2mvrG5tbhe2dWxWnkqHHYhHLekAVCh6hp7kWWE8k0jAQWAv6VyO/dodS8Ti60YME/ZB2I97hjGozql62CkWn5IxF5sGdQvHi4+3LPk/eK63CZ7MdszTESDNBlWq4TqL9jErNmcCh3UwVJpT1aRcbBiMaovKz8aJDctCJJdE9JOP372xGQ6UGYWAyIdU9NeuNhv95jVR3TvyMR0mqMWImYrxOKoiOyagvaXOJTIuBAcokN1sS1qOSMm2uYpv67mzZefCOSqclt+oUy2cwUR72YB8OwYVjKMM1VMADBggP8AwvVtu6tx6tp0k0Z03/7MIfWa8/AxiN9g==</latexit><latexit sha1_base64="NuASX2qF80B39RVlTdMiQ8kTJaQ=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gRmwsE3BNIFnC7OQkGTJ7YWZWCEteQBsRrSz1QXwAe/FtnFwKTfyrb87/D5z/BIngSjvOt5VbWFxaXsmv2mvrG5tbhe2dWxWnkqHHYhHLekAVCh6hp7kWWE8k0jAQWAv6VyO/dodS8Ti60YME/ZB2I97hjGozql62CkWn5IxF5sGdQvHi4+3LPk/eK63CZ7MdszTESDNBlWq4TqL9jErNmcCh3UwVJpT1aRcbBiMaovKz8aJDctCJJdE9JOP372xGQ6UGYWAyIdU9NeuNhv95jVR3TvyMR0mqMWImYrxOKoiOyagvaXOJTIuBAcokN1sS1qOSMm2uYpv67mzZefCOSqclt+oUy2cwUR72YB8OwYVjKMM1VMADBggP8AwvVtu6tx6tp0k0Z03/7MIfWa8/AxiN9g==</latexit><latexit sha1_base64="zbYvOT5AAF21VcWEkNzSRzf+q8U=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WGDcuIXGEBCakp6mBDj2PdNeYEMIP6MYYXflL/oB/Y4OzUPSuTte9ndStMFPSkOt+OqWV1bX1jfJmZWt7Z3evun9wb9JcC/RFqlLdCblBJRP0SZLCTqaRx6HCdji+mfvtB9RGpskdTTIMYj5MZCQFJztqXferNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFFMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/rHstt9a4Ku5QhiM4hlPw4BwacAtN8EEAwhO8wpszcB6dZ+flO1pyij+H8EvO+xf2Wooi</latexit>

per(A)
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- If     is adjacency matrix with edge weights, then              "
             = the sum of the weighted cycle covers of graph.

A
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per(A)
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ValiantÕs reduction

Idea behind ValiantÕs proof:   Construct graph such that the weighted cycle covers "
correspond to the number of solutions to a 3SAT formula.

Figure:  A single ÒinterchangeÓ in ValiantÕs original proof



Going beyond ValiantÕs reduction

Drawbacks to ValiantÕs reduction:   

1) Relies on complicated cycle cover gadgets

- Terry Rudolph (2009):  Built subclass of quantum circuits with amplitudes 
proportional to the permanent

- Ben-Dor and Halevi (1993):  SimpliÞed cycle cover argument

- Scott Aaronson (2011):  #P-hardness of permanent from linear optics

Why Quantum?  O$ oad di# culty onto well-known theorems in linear optics

2) Not suited for ÒstructuredÓ matrices

- Invertible:  ValiantÕs matrices are probably invertible, but tedious to prove

- Unitary:  ValiantÕs matrices are not unitary, and no obvious way forward

Plan:  Modify AaronsonÕs proof and use quantum reductions to handle classes of 
matrices not suited for reductions based on cycle covers.



#P-hardness for new classes of matrices

Theorem:   The permanent of an             matrix     in any of the classical Lie 
groups over the complex numbers is       -hard:

n ! n
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A
<latexit sha1_base64="3uToeReqGuSD/zPlpD1Wks6AmHQ=">AAAB4XicbZC9TgJBFIXv4h/iH2ppM5GYWJFdGzUWYiy0hMQVEtiQ2eEuTJj9ycysCdnwAtoYo5Xv4DvY+wK+jbNAoeCpvrnnTHLP9RPBlbbtb6uwtLyyulZcL21sbm3vlHf37lWcSoYui0UsWz5VKHiEruZaYCuRSENfYNMfXud+8wGl4nF0p0cJeiHtRzzgjGozalx1yxW7ak9EFsGZQeXy8+aDAEC9W/7q9GKWhhhpJqhSbcdOtJdRqTkTOC51UoUJZUPax7bBiIaovGyy6JgcBbEkeoBk8v6dzWio1Cj0TSakeqDmvXz4n9dOdXDmZTxKUo0RMxHjBakgOiZ5X9LjEpkWIwOUSW62JGxAJWXaXKVk6jvzZRfBPameV52GXaldwFRFOIBDOAYHTqEGt1AHFxggPMErvFk969F6tl6m0YI1+7MPf2S9/wC49Iw4</latexit><latexit sha1_base64="8WB04Ty4DbOGyfYAgb0kID8kTM4=">AAAB4XicbZC7TgJBFIbP4g3xhpfOZiIxsSK7NmosxFhICYkrJLAhs8NZmDB7ycysCRJeQBtjtPIdfAd7X8DSN3G4FAr+1Tfn/yc5//ETwZW27S8rs7C4tLySXc2trW9sbuW3d25VnEqGLotFLOs+VSh4hK7mWmA9kUhDX2DN712N/NodSsXj6Eb3E/RC2ol4wBnVZlS9bOULdtEei8yDM4XCxcf1+979d7nSyn822zFLQ4w0E1SphmMn2htQqTkTOMw1U4UJZT3awYbBiIaovMF40SE5DGJJdBfJ+P07O6ChUv3QN5mQ6q6a9UbD/7xGqoNTb8CjJNUYMRMxXpAKomMy6kvaXCLTom+AMsnNloR1qaRMm6vkTH1ntuw8uMfFs6JTtQulc5goC/twAEfgwAmUoAwVcIEBwiO8wKvVth6sJ+t5Es1Y0z+78EfW2w/NxY3P</latexit><latexit sha1_base64="8WB04Ty4DbOGyfYAgb0kID8kTM4=">AAAB4XicbZC7TgJBFIbP4g3xhpfOZiIxsSK7NmosxFhICYkrJLAhs8NZmDB7ycysCRJeQBtjtPIdfAd7X8DSN3G4FAr+1Tfn/yc5//ETwZW27S8rs7C4tLySXc2trW9sbuW3d25VnEqGLotFLOs+VSh4hK7mWmA9kUhDX2DN712N/NodSsXj6Eb3E/RC2ol4wBnVZlS9bOULdtEei8yDM4XCxcf1+979d7nSyn822zFLQ4w0E1SphmMn2htQqTkTOMw1U4UJZT3awYbBiIaovMF40SE5DGJJdBfJ+P07O6ChUv3QN5mQ6q6a9UbD/7xGqoNTb8CjJNUYMRMxXpAKomMy6kvaXCLTom+AMsnNloR1qaRMm6vkTH1ntuw8uMfFs6JTtQulc5goC/twAEfgwAmUoAwVcIEBwiO8wKvVth6sJ+t5Es1Y0z+78EfW2w/NxY3P</latexit><latexit sha1_base64="6lfbv1r+Jvu22nYZWSjVXuhHFuU=">AAAB4XicbZC9TgJBFIXv4h/iH2ppM5GYWJFdGzU2GBtLSFwhgQ2ZHe7ChNmfzNw1IYQX0MYYrXwlX8C3ccAtFD3VN/ecSe65YaakIdf9dEorq2vrG+XNytb2zu5edf/g3qS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8M/fbD6iNTJM7mmQYxHyYyEgKTnbUuu5Xa27dXYj9Ba+AGhRq9qsfvUEq8hgTEoob0/XcjIIp1ySFwlmllxvMuBjzIXYtJjxGE0wXi87YSZRqRiNki/fP7JTHxkzi0GZiTiOz7M2H/3ndnKKLYCqTLCdMhI1YL8oVo5TN+7KB1ChITSxwoaXdkokR11yQvUrF1veWy/4F/6x+Wfdabq1xVdyhDEdwDKfgwTk04Baa4IMAhCd4hTdn4Dw6z87Ld7TkFH8O4Zec9y/2p4oj</latexit>

# P
<latexit sha1_base64="jTRFTqB2Rh+avZZyT1yXT6nMghI=">AAAB7HicbVDLSgNBEOyNrxhfUfHkZTAIXgy7XlS8BLx4jOCaQHYJs5PeZMjsg5lZISz5Ae96EdGT3+EH+AP+jZNNDppYp+quaqjqIBVcadv+tkpLyyura+X1ysbm1vZOdXfvXiWZZOiyRCSyHVCFgsfoaq4FtlOJNAoEtoLh9URvPaBUPInv9ChFP6L9mIecUW1WnlfzIqoHKsyb4261ZtftAmSRODNSaxw8nn4CQLNb/fJ6CcsijDUTVKmOY6faz6nUnAkcV7xMYUrZkPaxY2hMI1R+XmQek+MwkUQPkBTzb29OI6VGUWA8RbZ5bbL8T+tkOrzwcx6nmcaYGYvRwkwQnZBJddLjEpkWI0Mok9ykJGxAJWXaPKhi6jvzZReJe1a/rDu35g1XMEUZDuEITsCBc2jADTTBBQYpPMMbvFuJ9WS9WK9Ta8ma3ezDH1gfP483kMI=</latexit><latexit sha1_base64="s7gi8U7Qw+SFSZ/ItSoKcgxgcNk=">AAAB7HicbVC7TsNAEFyHVwivAKJKYxEh0RDZNIBoItFQBgmTSLEVzpd1csrZZ92dkSIrP0APDUJQUVPxFfwAf8MloYCEqWZ3ZqWZDVPOlHacL6uwsLi0vFJcLa2tb2xulbd3bpTIJEWPCi5kKyQKOUvQ00xzbKUSSRxybIaDi7HevEOpmEiu9TDFICa9hEWMEm1Wvl/1Y6L7Ksobo0656tScCex54v6Qan3v/uij8n7b6JQ//a6gWYyJppwo1XadVAc5kZpRjqOSnylMCR2QHrYNTUiMKsgnmUf2QSSkrftoT+bf3pzESg3j0Hgm2Wa18fI/rZ3p6DTIWZJmGhNqLEaLMm5rYY+r210mkWo+NIRQyUxKm/aJJFSbB5VMfXe27DzxjmtnNffKvOEcpihCBfbhEFw4gTpcQgM8oJDCI7zAqyWsB+vJep5aC9bPzS78gfX2DQkrkeM=</latexit><latexit sha1_base64="s7gi8U7Qw+SFSZ/ItSoKcgxgcNk=">AAAB7HicbVC7TsNAEFyHVwivAKJKYxEh0RDZNIBoItFQBgmTSLEVzpd1csrZZ92dkSIrP0APDUJQUVPxFfwAf8MloYCEqWZ3ZqWZDVPOlHacL6uwsLi0vFJcLa2tb2xulbd3bpTIJEWPCi5kKyQKOUvQ00xzbKUSSRxybIaDi7HevEOpmEiu9TDFICa9hEWMEm1Wvl/1Y6L7Ksobo0656tScCex54v6Qan3v/uij8n7b6JQ//a6gWYyJppwo1XadVAc5kZpRjqOSnylMCR2QHrYNTUiMKsgnmUf2QSSkrftoT+bf3pzESg3j0Hgm2Wa18fI/rZ3p6DTIWZJmGhNqLEaLMm5rYY+r210mkWo+NIRQyUxKm/aJJFSbB5VMfXe27DzxjmtnNffKvOEcpihCBfbhEFw4gTpcQgM8oJDCI7zAqyWsB+vJep5aC9bPzS78gfX2DQkrkeM=</latexit><latexit sha1_base64="W+OixhfRIy1F61sL+y4WjyhE+9o=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiRuVNwU3LisYLTQhDKZ3rRDJ5kwMxFK6GfoRkRXfo0/4N84jVlo61mde8+5cM6NMsG1cd0vp7ayura+Ud9sbG3v7O419w/utcwVQ59JIVUvohoFT9E33AjsZQppEgl8iCbXc/3hEZXmMr0z0wzDhI5SHnNGjV0FQStIqBnruOjOBs2W23ZLkGXiVaQFFbqD5mcwlCxPMDVMUK37npuZsKDKcCZw1ghyjRllEzrCvqUpTVCHRZl5Rk5iqYgZIynn396CJlpPk8h6ymyL2nz5n9bPTXwRFjzNcoMpsxarxbkgRpJ5dTLkCpkRU0soU9ymJGxMFWXGPqhh63uLZZeJf9a+bHu3bqtzVf2hDkdwDKfgwTl04Aa64AODDJ7hDd4d6Tw5L87rj7XmVDeH8AfOxzcvDY72</latexit>

Theorem:   Let               be prime. There exists a Þnite Þeld of characteristic   , 
namely       , such that the permanent of an orthogonal matrix in        is hard for 
the class            .

p != 2 , 3
<latexit sha1_base64="5VXH2xwdbP5Toxeeiu9hTtAgc4U=">AAAB6nicbZDLTgIxFIbPgBfEG152bhqJiQtDZnDhZUXixiUmjhBhQjrlAA2dzth2TAgh8R10Y4yufA6fwBfwbSzgQsF/9fX8f5PznzARXBvX/XIy2YXFpeXcSn51bX1js7C1faPjVDH0WSxiVQ+pRsEl+oYbgfVEIY1CgbWwfzH2a/eoNI/ltRkkGES0K3mHM2rs6DYhTYl3pHx03CoU3ZI7EZkH7weKld2P7AMAVFuFz2Y7ZmmE0jBBtW54bmKCIVWGM4GjfDPVmFDWp11sWJQ0Qh0MJxuPyEEnVsT0kEzev7NDGmk9iEKbiajp6VlvPPzPa6SmcxoMuUxSg5LZiPU6qSAmJuPipM0VMiMGFihT3G5JWI8qyow9T97W92bLzoNfLp2VvCt7hnOYKgd7sA+H4MEJVOASquADAwlP8ApvTuQ8Os/OyzSacX7+7MAfOe/fUZSOsQ==</latexit><latexit sha1_base64="dOEUNYsPvwZ1A9LmOhfI94alUfc=">AAAB6nicbZDLTgIxFIY74AXxhpedm0Zi4sKQGVx4WZG4cYmJI0SYkE45QEOnU9uOCZnwFLoxRlc+h2sX+gC+jeWyUPBffT3/3+T8J5ScaeO6304mu7C4tJxbya+urW9sFra2b3ScKAo+jXms6iHRwJkA3zDDoS4VkCjkUAv7FyO/dg9Ks1hcm4GEICJdwTqMEmNHtxI3Bdzh8tFxq1B0S+5YeB68KRQru+9Z+fWRVFuFz2Y7pkkEwlBOtG54rjRBSpRhlMMw30w0SEL7pAsNi4JEoIN0vPEQH3RihU0P8Pj9O5uSSOtBFNpMRExPz3qj4X9eIzGd0yBlQiYGBLUR63USjk2MR8Vxmymghg8sEKqY3RLTHlGEGnuevK3vzZadB79cOit5V/YM52iiHNpD++gQeegEVdAlqiIfUSTQI3pBr07kPDhPzvMkmnGmf3bQHzlvP+gQkKs=</latexit><latexit sha1_base64="dOEUNYsPvwZ1A9LmOhfI94alUfc=">AAAB6nicbZDLTgIxFIY74AXxhpedm0Zi4sKQGVx4WZG4cYmJI0SYkE45QEOnU9uOCZnwFLoxRlc+h2sX+gC+jeWyUPBffT3/3+T8J5ScaeO6304mu7C4tJxbya+urW9sFra2b3ScKAo+jXms6iHRwJkA3zDDoS4VkCjkUAv7FyO/dg9Ks1hcm4GEICJdwTqMEmNHtxI3Bdzh8tFxq1B0S+5YeB68KRQru+9Z+fWRVFuFz2Y7pkkEwlBOtG54rjRBSpRhlMMw30w0SEL7pAsNi4JEoIN0vPEQH3RihU0P8Pj9O5uSSOtBFNpMRExPz3qj4X9eIzGd0yBlQiYGBLUR63USjk2MR8Vxmymghg8sEKqY3RLTHlGEGnuevK3vzZadB79cOit5V/YM52iiHNpD++gQeegEVdAlqiIfUSTQI3pBr07kPDhPzvMkmnGmf3bQHzlvP+gQkKs=</latexit><latexit sha1_base64="hsuhItfv5D/uHlaYpvuIrcEqcIk=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxcWHIDC78WZG4cYmJI0SYkE65QEOnM7YdEzLhKXRjjK58HF/At7HgLBQ8q6/3nCb33DARXBvX/XIKS8srq2vF9dLG5tb2Tnl3707HqWLos1jEqhVSjYJL9A03AluJQhqFApvh6GrqNx9RaR7LWzNOMIjoQPI+Z9TY0X1COhIfSO3ktFuuuFV3JrIIXg4VyNXolj87vZilEUrDBNW67bmJCTKqDGcCJ6VOqjGhbEQH2LYoaYQ6yGYbT8hRP1bEDJHM3r+zGY20HkehzUTUDPW8Nx3+57VT0z8PMi6T1KBkNmK9fiqIicm0OOlxhcyIsQXKFLdbEjakijJjz1Oy9b35sovg16oXVe/GrdQv8zsU4QAO4Rg8OIM6XEMDfGAg4Rne4N2JnCfnxXn9iRac/M8+/JHz8Q05lo0c</latexit>

p
<latexit sha1_base64="jAPbkJ8QtxrX6cAAY9uF8CcKnMM=">AAAB4nicbZC7TsMwFIZPWi6l3MplY7GokJiqhIXLVImFsSACldqoctyT1qoTR7aDVEWV2GFBCCaehSfgBXgb3MsALf/0+fy/pfOfMBVcG9f9dgrFpeWV1dJaeX1jc2u7srN7p2WmGPpMCqmaIdUoeIK+4UZgM1VI41DgfTi4HPv3D6g0l8mtGaYYxLSX8IgzauzoJiWdStWtuRORRfBmUK3vfxYfAaDRqXy1u5JlMSaGCap1y3NTE+RUGc4EjsrtTGNK2YD2sGUxoTHqIJ9sOiJHkVTE9JFM3r+zOY21HsahzcTU9PW8Nx7+57UyE50FOU/SzGDCbMR6USaIkWRcmHS5QmbE0AJlitstCetTRZmxZynb+t582UXwT2rnNe/anuECpirBARzCMXhwCnW4ggb4wCCCZ3iDdwedJ+fFeZ1GC87szx78kfPxA6lHjBA=</latexit><latexit sha1_base64="S/BCL9DeYNhQv6QDSkRcCRTVlC8=">AAAB4nicbZC7TgJBFIbPghfEG146m4nExIrs2nipSGws0bhCAhsyO5yFCbO7k5lZE0J4Am2M0cpnsbbQB/BtHC6Fgn/1zfn/Sc5/Qim4Nq777eTyS8srq4W14vrG5tZ2aWf3TqeZYuizVKSqEVKNgifoG24ENqRCGocC62H/cuzX71Fpnia3ZiAxiGk34RFn1NjRjSTtUtmtuBORRfBmUK7uv+fl10dWa5c+W52UZTEmhgmqddNzpQmGVBnOBI6KrUyjpKxPu9i0mNAYdTCcbDoiR1GqiOkhmbx/Z4c01noQhzYTU9PT8954+J/XzEx0Fgx5IjODCbMR60WZICYl48KkwxUyIwYWKFPcbklYjyrKjD1L0db35ssugn9SOa941/YMFzBVAQ7gEI7Bg1OowhXUwAcGETzCC7w66Dw4T87zNJpzZn/24I+ctx8/0o4K</latexit><latexit sha1_base64="S/BCL9DeYNhQv6QDSkRcCRTVlC8=">AAAB4nicbZC7TgJBFIbPghfEG146m4nExIrs2nipSGws0bhCAhsyO5yFCbO7k5lZE0J4Am2M0cpnsbbQB/BtHC6Fgn/1zfn/Sc5/Qim4Nq777eTyS8srq4W14vrG5tZ2aWf3TqeZYuizVKSqEVKNgifoG24ENqRCGocC62H/cuzX71Fpnia3ZiAxiGk34RFn1NjRjSTtUtmtuBORRfBmUK7uv+fl10dWa5c+W52UZTEmhgmqddNzpQmGVBnOBI6KrUyjpKxPu9i0mNAYdTCcbDoiR1GqiOkhmbx/Z4c01noQhzYTU9PT8954+J/XzEx0Fgx5IjODCbMR60WZICYl48KkwxUyIwYWKFPcbklYjyrKjD1L0db35ssugn9SOa941/YMFzBVAQ7gEI7Bg1OowhXUwAcGETzCC7w66Dw4T87zNJpzZn/24I+ctx8/0o4K</latexit><latexit sha1_base64="LZgTOVYAKtuqMvc2KbpR1w/cTXk=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5conGEBAjpaWqgQ88j3TUmZMIX6MYYXflJ/oB/Y4OzUPCuTte9ndStIFXSkOt+OaWV1bX1jfJmZWt7Z3evun/wYJJMC/RFohLdDrhBJWP0SZLCdqqRR4HCVjC+nvmtR9RGJvE9TVLsRXwYy1AKTnZ0l7J+tebW3bnYMngF1KBQs1/97A4SkUUYk1DcmI7nptTLuSYpFE4r3cxgysWYD7FjMeYRml4+33TKTsJEMxohm79/Z3MeGTOJApuJOI3Mojcb/ud1MgovermM04wwFjZivTBTjBI2K8wGUqMgNbHAhZZ2SyZGXHNB9iwVW99bLLsM/ln9su7durXGVXGHMhzBMZyCB+fQgBtogg8CQniGN3h30HlyXpzXn2jJKf4cwh85H9+RSYp7</latexit>

Fp4
<latexit sha1_base64="Mtsvf8+q9nVnB0q0gk8Xs7VW7zM=">AAAB8nicbVDLSgNBEOyNj8T4WvXoZTAInsKuCD5OAUE8RnBNIIlhdtJJhsw+mJkNhGU/w5NeRPTkp/gD/o2zSQ6aWKfqrmqoLj8WXGnH+bYKK6tr68XSRnlza3tn197bf1BRIhl6LBKRbPpUoeAhepprgc1YIg18gQ1/dJ3rjTFKxaPwXk9i7AR0EPI+Z1SbVde22wHVQ99Pb7JuGj+eZV274lSdKcgyceekUiNPRQIA9a791e5FLAkw1ExQpVquE+tOSqXmTGBWbicKY8pGdIAtQ0MaoOqk0+QZOe5Hkughkun825vSQKlJ4BtPnlAtavnyP62V6P5FJ+VhnGgMmbEYrZ8IoiOSF0B6XCLTYmIIZZKblIQNqaRMm5rK5n138dll4p1WL6vunanhCmYowSEcwQm4cA41uIU6eMBgDC/wDh9WYj1br9bbzFqw5jcH8AfW5w9eJZIl</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="i1/2DeENNDFi0YBx92ZUo9rISPo=">AAAB8nicbVDLSsNAFL3xWesr6tJNsAiuSiKCj1VBEJcVjC20MUymN+3QyYOZSaGEfIluRHTlp/gD/o2TmoW2ntW595wL554g5Uwq2/4ylpZXVtfWaxv1za3tnV1zb/9BJpmg6NKEJ6IbEImcxegqpjh2U4EkCjh2gvF1qXcmKCRL4ns1TdGLyDBmIaNE6ZVvmv2IqFEQ5DeFn6ePZ4VvNuymPYO1SJyKNKBC2zc/+4OEZhHGinIiZc+xU+XlRChGORb1fiYxJXRMhtjTNCYRSi+fJS+s4zARlhqhNZt/e3MSSTmNAu0pE8p5rVz+p/UyFV54OYvTTGFMtUVrYcYtlVhlAdaACaSKTzUhVDCd0qIjIghVuqa6ft+Zf3aRuKfNy6ZzZzdaV1UPNTiEIzgBB86hBbfQBhcoTOAZ3uDdyIwn48V4/bEuGdXNAfyB8fEN5ZqRCQ==</latexit>

Fp4
<latexit sha1_base64="Mtsvf8+q9nVnB0q0gk8Xs7VW7zM=">AAAB8nicbVDLSgNBEOyNj8T4WvXoZTAInsKuCD5OAUE8RnBNIIlhdtJJhsw+mJkNhGU/w5NeRPTkp/gD/o2zSQ6aWKfqrmqoLj8WXGnH+bYKK6tr68XSRnlza3tn197bf1BRIhl6LBKRbPpUoeAhepprgc1YIg18gQ1/dJ3rjTFKxaPwXk9i7AR0EPI+Z1SbVde22wHVQ99Pb7JuGj+eZV274lSdKcgyceekUiNPRQIA9a791e5FLAkw1ExQpVquE+tOSqXmTGBWbicKY8pGdIAtQ0MaoOqk0+QZOe5Hkughkun825vSQKlJ4BtPnlAtavnyP62V6P5FJ+VhnGgMmbEYrZ8IoiOSF0B6XCLTYmIIZZKblIQNqaRMm5rK5n138dll4p1WL6vunanhCmYowSEcwQm4cA41uIU6eMBgDC/wDh9WYj1br9bbzFqw5jcH8AfW5w9eJZIl</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="i1/2DeENNDFi0YBx92ZUo9rISPo=">AAAB8nicbVDLSsNAFL3xWesr6tJNsAiuSiKCj1VBEJcVjC20MUymN+3QyYOZSaGEfIluRHTlp/gD/o2TmoW2ntW595wL554g5Uwq2/4ylpZXVtfWaxv1za3tnV1zb/9BJpmg6NKEJ6IbEImcxegqpjh2U4EkCjh2gvF1qXcmKCRL4ns1TdGLyDBmIaNE6ZVvmv2IqFEQ5DeFn6ePZ4VvNuymPYO1SJyKNKBC2zc/+4OEZhHGinIiZc+xU+XlRChGORb1fiYxJXRMhtjTNCYRSi+fJS+s4zARlhqhNZt/e3MSSTmNAu0pE8p5rVz+p/UyFV54OYvTTGFMtUVrYcYtlVhlAdaACaSKTzUhVDCd0qIjIghVuqa6ft+Zf3aRuKfNy6ZzZzdaV1UPNTiEIzgBB86hBbfQBhcoTOAZ3uDdyIwn48V4/bEuGdXNAfyB8fEN5ZqRCQ==</latexit>

ModpP
<latexit sha1_base64="6ImISGis8kOl+QI2cvpMBW2EB7k=">AAAB+nicbVDLSsNAFL3xWesr6kYQZLAIrkrixseqIIgboYKxhTbUyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdO0grae1bn3nAv3nCDhTGnH+bLm5hcWl5ZLK+XVtfWNTXtr+06JVBLqEcGFbAZYUc5i6mmmOW0mkuIo4LQRDC5GeuOBSsVEfKuHCfUj3ItZyAjWZtWxd9sR1n0VZteim3eSn6med+yKU3UKoFniTkiltn+Z3QNAvWN/truCpBGNNeFYqZbrJNrPsNSMcJqX26miCSYD3KMtQ2McUeVnRYIcHYZCIt2nqJh/ezMcKTWMAuMpfpvWRsv/tFaqw1M/Y3GSahoTYzFamHKkBRoVgbpMUqL50BBMJDNfItLHEhNt6iqb+O502FniHVfPqu6NqeEcxijBHhzAEbhwAjW4gjp4QOARnuEN3q3cerJerNexdc6a3OzAH1gf35IdlmQ=</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="JaGqHLNsRpS5SbWjqrUteb2DqTQ=">AAAB+nicbVDLSsNAFL2pr1pfUTeCm8EiuCqJGx+rghs3QgWjhTaEyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdMYQVvP6tx7zoV7TphyprTjfFq1hcWl5ZX6amNtfWNzy97euVUik4R6RHAhuyFWlLOEepppTruppDgOOb0LxxdT/e6eSsVEcqMnKfVjPExYxAjWZhXYe/0Y65GK8isxKIL0Z+oUgd10Wk4JNE/cijShQiewP/oDQbKYJppwrFTPdVLt51hqRjgtGv1M0RSTMR7SnqEJjqny8zJBgQ4jIZEeUVTOv705jpWaxKHxlL/NatPlf1ov09Gpn7MkzTRNiLEYLco40gJNi0ADJinRfGIIJpKZLxEZYYmJNnU1THx3Nuw88Y5bZy332mm2z6se6rAPB3AELpxAGy6hAx4QeIAneIU3q7AerWfr5dtas6qbXfgD6/0Ll2+U5Q==</latexit>

Dichotomy
p = 2

<latexit sha1_base64="aELp1a23laB3I29J/J8riZxPMT0=">AAAB5XicbZDJSgNBFEVfJw4xTnHYuSkMgqvQnY0DCAE3LiPYJpA0obryOl2keqCqWghNwC/QjYiu/BO/wB/wb6wMC028q1Pv3oJ3n58KrrRtf1uF4srq2nppo7y5tb2zW9nbv1dJJhm6LBGJbPtUoeAxupprge1UIo18gS1/eD3xWw8oFU/iOz1K0YvoIOYBZ1SbkZuSK1LvVap2zZ6KLIMzh2rj8LP4CADNXuWr209YFmGsmaBKdRw71V5OpeZM4LjczRSmlA3pADsGYxqh8vLpsmNyEiSS6BDJ9P07m9NIqVHkm0xEdagWvcnwP6+T6eDcy3mcZhpjZiLGCzJBdEImnUmfS2RajAxQJrnZkrCQSsq0uUzZ1HcWyy6DW69d1Jxbc4ZLmKkER3AMp+DAGTTgBprgAgMOz/AG71ZoPVkv1ussWrDmfw7gj6yPH+8WjL0=</latexit><latexit sha1_base64="tGgI9SMENrXbpFk4znzAh0UAwPk=">AAAB5XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwm8YLCAEbywiuCcQlzE7OZofMXpiZFcKSV9BGRCvfxNpCH8C3cXIpNPGvvjn/P3D+46eCK23b31ahuLS8slpaK69vbG5tV3Z2b1WSSYYuS0Qi2z5VKHiMruZaYDuVSCNfYMsfXI791j1KxZP4Rg9T9CLaj3nAGdVm5KbkgtS7lapdsycii+DMoNrYfy+mXx9Zs1v5vOslLIsw1kxQpTqOnWovp1JzJnBUvssUppQNaB87BmMaofLyybIjchQkkugQyeT9O5vTSKlh5JtMRHWo5r3x8D+vk+ng1Mt5nGYaY2YixgsyQXRCxp1Jj0tkWgwNUCa52ZKwkErKtLlM2dR35ssugluvndWca3OGc5iqBAdwCMfgwAk04Aqa4AIDDo/wAq9WaD1YT9bzNFqwZn/24I+stx+FoY63</latexit><latexit sha1_base64="tGgI9SMENrXbpFk4znzAh0UAwPk=">AAAB5XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwm8YLCAEbywiuCcQlzE7OZofMXpiZFcKSV9BGRCvfxNpCH8C3cXIpNPGvvjn/P3D+46eCK23b31ahuLS8slpaK69vbG5tV3Z2b1WSSYYuS0Qi2z5VKHiMruZaYDuVSCNfYMsfXI791j1KxZP4Rg9T9CLaj3nAGdVm5KbkgtS7lapdsycii+DMoNrYfy+mXx9Zs1v5vOslLIsw1kxQpTqOnWovp1JzJnBUvssUppQNaB87BmMaofLyybIjchQkkugQyeT9O5vTSKlh5JtMRHWo5r3x8D+vk+ng1Mt5nGYaY2YixgsyQXRCxp1Jj0tkWgwNUCa52ZKwkErKtLlM2dR35ssugluvndWca3OGc5iqBAdwCMfgwAk04Aqa4AIDDo/wAq9WaD1YT9bzNFqwZn/24I+stx+FoY63</latexit><latexit sha1_base64="FQ6UOeEPppwHT+lJtoP6KFC+tH4=">AAAB5XicbZDLSgMxFIZPvNZ6q7p0EyyCqzLTjRcQCm5cVnBsoR1KJj3TCc1cSDJCGfoKuhHRlS/kC/g2pnUW2vqvvpz/D5z/BJkU2jjOF1lZXVvf2KxsVbd3dvf2aweHDzrNFUePpzJV3YBplCJBzwgjsZspZHEgsROMb2Z+5xGVFmlybyYZ+jEbJSIUnBk78jJ6TZuDWt1pOHPRZXBLqEOp9qD22R+mPI8xMVwyrXuukxm/YMoILnFa7ecaM8bHbIQ9iwmLUfvFfNkpPQ1TRU2EdP7+nS1YrPUkDmwmZibSi95s+J/Xy0144RciyXKDCbcR64W5pCals850KBRyIycWGFfCbkl5xBTjxl6mauu7i2WXwWs2LhvunVNvXZV3qMAxnMAZuHAOLbiFNnjAQcAzvME7icgTeSGvP9EVUv45gj8iH9/XGIso</latexit>

:  Permanent = determinant
p = 3

<latexit sha1_base64="ez6xA5M140zNDnL28MyCj0ReWQA=">AAAB5XicbZDJSgNBFEVfJw4xTnHYuSkMgqvQrQsHEAJuXEawTSBpQnXldbpI9UBVtRCagF+gGxFd+Sd+gT/g31gZFpp4V6fevQXvPj8VXGnb/rYKxaXlldXSWnl9Y3Nru7Kze6+STDJ0WSIS2fKpQsFjdDXXAlupRBr5Apv+4HrsNx9QKp7Ed3qYohfRfswDzqg2IzclV+S0W6naNXsisgjODKr1/c/iIwA0upWvTi9hWYSxZoIq1XbsVHs5lZozgaNyJ1OYUjagfWwbjGmEyssny47IUZBIokMkk/fvbE4jpYaRbzIR1aGa98bD/7x2poNzL+dxmmmMmYkYL8gE0QkZdyY9LpFpMTRAmeRmS8JCKinT5jJlU9+ZL7sI7kntoubcmjNcwlQlOIBDOAYHzqAON9AAFxhweIY3eLdC68l6sV6n0YI1+7MHf2R9/ADwk4y+</latexit><latexit sha1_base64="dGf5O5R/HEMOVXzOzDvFbMwaOts=">AAAB5XicbZC7SgNBFIbPGi8x3uKlsxkMglXY1cILCAEbywiuCSRLmJ2czQ6ZvTAzK4Qlr6CNiFa+ibWFPoBv4+RSaOJffXP+f+D8x08FV9q2v62FwuLS8kpxtbS2vrG5Vd7euVNJJhm6LBGJbPpUoeAxupprgc1UIo18gQ2/fzXyG/coFU/iWz1I0YtoL+YBZ1SbkZuSS3LSKVfsqj0WmQdnCpXa3nsh/frI6p3yZ7ubsCzCWDNBlWo5dqq9nErNmcBhqZ0pTCnr0x62DMY0QuXl42WH5DBIJNEhkvH7dzankVKDyDeZiOpQzXqj4X9eK9PBmZfzOM00xsxEjBdkguiEjDqTLpfItBgYoExysyVhIZWUaXOZkqnvzJadB/e4el51bswZLmCiIuzDARyBA6dQg2uogwsMODzCC7xaofVgPVnPk+iCNf2zC39kvf0Ahx6OuA==</latexit><latexit sha1_base64="dGf5O5R/HEMOVXzOzDvFbMwaOts=">AAAB5XicbZC7SgNBFIbPGi8x3uKlsxkMglXY1cILCAEbywiuCSRLmJ2czQ6ZvTAzK4Qlr6CNiFa+ibWFPoBv4+RSaOJffXP+f+D8x08FV9q2v62FwuLS8kpxtbS2vrG5Vd7euVNJJhm6LBGJbPpUoeAxupprgc1UIo18gQ2/fzXyG/coFU/iWz1I0YtoL+YBZ1SbkZuSS3LSKVfsqj0WmQdnCpXa3nsh/frI6p3yZ7ubsCzCWDNBlWo5dqq9nErNmcBhqZ0pTCnr0x62DMY0QuXl42WH5DBIJNEhkvH7dzankVKDyDeZiOpQzXqj4X9eK9PBmZfzOM00xsxEjBdkguiEjDqTLpfItBgYoExysyVhIZWUaXOZkqnvzJadB/e4el51bswZLmCiIuzDARyBA6dQg2uogwsMODzCC7xaofVgPVnPk+iCNf2zC39kvf0Ahx6OuA==</latexit><latexit sha1_base64="25Eui6hbI/3Bc+dsyVCTcXQuJhs=">AAAB5XicbZDNSsNAFIVv/K31r+rSzWARXJVEF/6AUHDjsoKxhTaUyfSmGTqThJmJUEJfQTciuvKFfAHfxmnNQlvP6pt7zsA9N8wE18Z1v5yl5ZXVtfXKRnVza3tnt7a3/6DTXDH0WSpS1QmpRsET9A03AjuZQipDge1wdDP124+oNE+TezPOMJB0mPCIM2rsyM/INTnr1+puw52JLIJXQh1Ktfq1z94gZbnExDBBte56bmaCgirDmcBJtZdrzCgb0SF2LSZUog6K2bITchylipgYyez9O1tQqfVYhjYjqYn1vDcd/ud1cxNdBAVPstxgwmzEelEuiEnJtDMZcIXMiLEFyhS3WxIWU0WZsZep2vrefNlF8E8blw3vzq03r8o7VOAQjuAEPDiHJtxCC3xgwOEZ3uDdiZ0n58V5/YkuOeWfA/gj5+Mb2JWLKQ==</latexit>

:  Nontrivial algorithm due to Kogan (1996)

Theorem:   The permanent of an orthogonal matrix over      is             -hard for 
1/16th of all primes.

Fp
<latexit sha1_base64="oS2fwbGXw15jHSO81/OQPSAZWKE=">AAAB7XicbVDLSgNBEOz1GeMr6lGQwSB4CrtefJwCQvAYwTWBZImzk04yZHZ3nJkVwpLf0IuInvwZf8C/cTbJQRPrVN1VDVUdSsG1cd1vZ2l5ZXVtvbBR3Nza3tkt7e3f6yRVDH2WiEQ1Q6pR8Bh9w43AplRIo1BgIxxe53rjCZXmSXxnRhKDiPZj3uOMGrsK2hE1gzDMauOOLHZKZbfiTkAWiTcj5epRLXsAgHqn9NXuJiyNMDZMUK1bnitNkFFlOBM4LrZTjZKyIe1jy9KYRqiDbBJ6TE56iSJmgGQy//ZmNNJ6FIXWk8fT81q+/E9rpaZ3EWQ8lqnBmFmL1XqpICYheXfS5QqZESNLKFPcpiRsQBVlxn4or+/Nl10k/lnlsuLd2jdcwRQFOIRjOAUPzqEKN1AHHxg8wgu8w4cjnWfn1XmbWpec2c0B/IHz+QOtypC5</latexit><latexit sha1_base64="+YwXX5TM1756lBeiqXEmKim96TM=">AAAB7XicbVDLSsNAFL3xWeur6rIgwSK4KokbH6uCUMRVBWMLbQiT6W07dJKMMxOhhP6GbkR05c/4A36Fv+Ck7UJbz+rce86Fc24oOFPacb6speWV1bX1wkZxc2t7Z7e0t3+vklRS9GjCE9kKiULOYvQ00xxbQiKJQo7NcHiV681HlIol8Z0eCfQj0o9Zj1GizcrvREQPwjCrjwNRDEoVp+pMYC8Sd0YqtcN6FpS/bxpB6bPTTWgaYawpJ0q1XUdoPyNSM8pxXOykCgWhQ9LHtqExiVD52ST02D7uJdLWA7Qn829vRiKlRlFoPHk8Na/ly/+0dqp7537GYpFqjKmxGK2Xclsndt7d7jKJVPORIYRKZlLadEAkodp8KK/vzpddJN5p9aLq3po3XMIUBSjDEZyAC2dQg2togAcUHuAZ3uDdEtaT9WK9Tq1L1uzmAP7A+vgBaVSSDA==</latexit><latexit sha1_base64="+YwXX5TM1756lBeiqXEmKim96TM=">AAAB7XicbVDLSsNAFL3xWeur6rIgwSK4KokbH6uCUMRVBWMLbQiT6W07dJKMMxOhhP6GbkR05c/4A36Fv+Ck7UJbz+rce86Fc24oOFPacb6speWV1bX1wkZxc2t7Z7e0t3+vklRS9GjCE9kKiULOYvQ00xxbQiKJQo7NcHiV681HlIol8Z0eCfQj0o9Zj1GizcrvREQPwjCrjwNRDEoVp+pMYC8Sd0YqtcN6FpS/bxpB6bPTTWgaYawpJ0q1XUdoPyNSM8pxXOykCgWhQ9LHtqExiVD52ST02D7uJdLWA7Qn829vRiKlRlFoPHk8Na/ly/+0dqp7537GYpFqjKmxGK2Xclsndt7d7jKJVPORIYRKZlLadEAkodp8KK/vzpddJN5p9aLq3po3XMIUBSjDEZyAC2dQg2togAcUHuAZ3uDdEtaT9WK9Tq1L1uzmAP7A+vgBaVSSDA==</latexit><latexit sha1_base64="QDenCvRfUq4Ux75j8o6KZZjOZ3s=">AAAB7XicbVDLSsNAFL2pr1pfVZduBovgqiRufKwKgrisYLTQhjKZ3rRDJ8k4MxFK6G/oRkRX/ow/4N84qVlo61mde8+5cM4NpeDauO6XU1laXlldq67XNja3tnfqu3t3Os0UQ5+lIlWdkGoUPEHfcCOwIxXSOBR4H44vC/3+EZXmaXJrJhKDmA4THnFGjV0FvZiaURjmV9O+rPXrDbfpzkAWiVeSBpRo9+ufvUHKshgTwwTVuuu50gQ5VYYzgdNaL9MoKRvTIXYtTWiMOshnoafkKEoVMSMks/m3N6ex1pM4tJ4inp7XiuV/Wjcz0VmQ80RmBhNmLVaLMkFMSoruZMAVMiMmllCmuE1J2Igqyoz9UFHfmy+7SPyT5nnTu3EbrYvyD1U4gEM4Bg9OoQXX0AYfGDzAM7zBuyOdJ+fFef2xVpzyZh/+wPn4BrMcjzo=</latexit>

ModpP
<latexit sha1_base64="6ImISGis8kOl+QI2cvpMBW2EB7k=">AAAB+nicbVDLSsNAFL3xWesr6kYQZLAIrkrixseqIIgboYKxhTbUyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdO0grae1bn3nAv3nCDhTGnH+bLm5hcWl5ZLK+XVtfWNTXtr+06JVBLqEcGFbAZYUc5i6mmmOW0mkuIo4LQRDC5GeuOBSsVEfKuHCfUj3ItZyAjWZtWxd9sR1n0VZteim3eSn6med+yKU3UKoFniTkiltn+Z3QNAvWN/truCpBGNNeFYqZbrJNrPsNSMcJqX26miCSYD3KMtQ2McUeVnRYIcHYZCIt2nqJh/ezMcKTWMAuMpfpvWRsv/tFaqw1M/Y3GSahoTYzFamHKkBRoVgbpMUqL50BBMJDNfItLHEhNt6iqb+O502FniHVfPqu6NqeEcxijBHhzAEbhwAjW4gjp4QOARnuEN3q3cerJerNexdc6a3OzAH1gf35IdlmQ=</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="JaGqHLNsRpS5SbWjqrUteb2DqTQ=">AAAB+nicbVDLSsNAFL2pr1pfUTeCm8EiuCqJGx+rghs3QgWjhTaEyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdMYQVvP6tx7zoV7TphyprTjfFq1hcWl5ZX6amNtfWNzy97euVUik4R6RHAhuyFWlLOEepppTruppDgOOb0LxxdT/e6eSsVEcqMnKfVjPExYxAjWZhXYe/0Y65GK8isxKIL0Z+oUgd10Wk4JNE/cijShQiewP/oDQbKYJppwrFTPdVLt51hqRjgtGv1M0RSTMR7SnqEJjqny8zJBgQ4jIZEeUVTOv705jpWaxKHxlL/NatPlf1ov09Gpn7MkzTRNiLEYLco40gJNi0ADJinRfGIIJpKZLxEZYYmJNnU1THx3Nuw88Y5bZy332mm2z6se6rAPB3AELpxAGy6hAx4QeIAneIU3q7AerWfr5dtas6qbXfgD6/0Ll2+U5Q==</latexit>



Outline of AaronsonÕs proof

Input:  Given polynomially sized circuit "
Output:   Number of unsatisfying assignments minus satisfying assignments to

C : { 0, 1} n ! { 0, 1}
<latexit sha1_base64="0kbyaXTg8Dcnj4NxKPMtcEsSkdM=">AAACA3icbVA7T8MwGPxSXqW8AmywGAoSA6oSFqBTpS6MRSK0UhMqx3Vaq85DtgOqoo7An4EFIZj4B/wB/g3uAwlabjrfnaXvzk84k8qyvozc3PzC4lJ+ubCyura+YW5uXcs4FYQ6JOaxaPhYUs4i6iimOG0kguLQ57Tu96pDv35LhWRxdKX6CfVC3IlYwAhWWmqZe1VURm5mHdvu4CZCrmCdrsJCxHc/asssWiVrBDRL7AkpVnbuD0Cj1jI/3XZM0pBGinAsZdO2EuVlWChGOB0U3FTSBJMe7tCmphEOqfSyUZUBOgxigVSXotH7dzbDoZT90NeZEKuunPaG4n9eM1XBmZexKEkVjYiOaC9IOVIxGi6C2kxQonhfE0wE01ci0sUCE6V3K+j69nTZWeKclM5L9qWeoQxj5GEX9uEIbDiFClxADRwg8AjP8AbvxoPxZLwYr+Nozpj82YY/MD6+AeaNlz0=</latexit><latexit sha1_base64="Cp++AUzQkS6bw/QKbg5z0SbGLV8=">AAACA3icbVC9TsMwGHTKXyl/ATZYDBUSA6oSFqBTpS4sSEUitFITKsd1GquOE9kOqIoqJuBlYEEIJngCXoAXYcYtRYKWm853Z+m78xNGpbKsDyM3NT0zO5efLywsLi2vmKtr5zJOBSYOjlksGj6ShFFOHEUVI41EEBT5jNT9bnXg1y+JkDTmZ6qXEC9CHU4DipHSUsvcqsIydDNrz3b7Fxy6gnZChYSIr37Ullm0StYQcJLYI1KsbNwUP69P3mot891txziNCFeYISmbtpUoL0NCUcxIv+CmkiQId1GHNDXlKCLSy4ZV+nAniAVUIYHD9+9shiIpe5GvMxFSoRz3BuJ/XjNVwaGXUZ6kinCsI9oLUgZVDAeLwDYVBCvW0wRhQfWVEIdIIKz0bgVd3x4vO0mc/dJRyT7VM5TBN/JgE2yDXWCDA1ABx6AGHIDBHXgAz+DFuDXujUfj6TuaM0Z/1sEfGK9fLKSZvA==</latexit><latexit sha1_base64="Cp++AUzQkS6bw/QKbg5z0SbGLV8=">AAACA3icbVC9TsMwGHTKXyl/ATZYDBUSA6oSFqBTpS4sSEUitFITKsd1GquOE9kOqIoqJuBlYEEIJngCXoAXYcYtRYKWm853Z+m78xNGpbKsDyM3NT0zO5efLywsLi2vmKtr5zJOBSYOjlksGj6ShFFOHEUVI41EEBT5jNT9bnXg1y+JkDTmZ6qXEC9CHU4DipHSUsvcqsIydDNrz3b7Fxy6gnZChYSIr37Ullm0StYQcJLYI1KsbNwUP69P3mot891txziNCFeYISmbtpUoL0NCUcxIv+CmkiQId1GHNDXlKCLSy4ZV+nAniAVUIYHD9+9shiIpe5GvMxFSoRz3BuJ/XjNVwaGXUZ6kinCsI9oLUgZVDAeLwDYVBCvW0wRhQfWVEIdIIKz0bgVd3x4vO0mc/dJRyT7VM5TBN/JgE2yDXWCDA1ABx6AGHIDBHXgAz+DFuDXujUfj6TuaM0Z/1sEfGK9fLKSZvA==</latexit><latexit sha1_base64="yp5TFvuL5EGT/gRt7LruqnoigTE=">AAACA3icbVC9TsMwGHTKXyl/AUYWQ4XEgKqEBehUqQtjkQit1ITKcZ3GqmNHtgOqoq7wMrAgBBNvwAvwNrglSNBy0/nuLH13Ycqo0o7zaZUWFpeWV8qrlbX1jc0te3vnWolMYuJhwYTshEgRRjnxNNWMdFJJUBIy0g6HzYnfviVSUcGv9CglQYIGnEYUI22knr3fhHXo586x649vOPQlHcQaSSnuftSeXXVqzhRwnrgFqYICrZ794fcFzhLCNWZIqa7rpDrIkdQUMzKu+JkiKcJDNCBdQzlKiAryaZUxPIyEhDomcPr+nc1RotQoCU0mQTpWs95E/M/rZjo6C3LK00wTjk3EeFHGoBZwsgjsU0mwZiNDEJbUXAlxjCTC2uxWMfXd2bLzxDupndfcS6faqBc7lMEeOABHwAWnoAEuQAt4AIMH8ARewZt1bz1az9bLd7RkFX92wR9Y71+PD5Y6</latexit>

C
<latexit sha1_base64="1GbgHMQk4QZyTJGlOON6IGZovzs=">AAAB4nicbZC7SgNBFIbPxluMt6ilzWAQrMKujZfGQBrLKK4JJEuYnZxNhsxemJkVliVPoI2IVna+iA9gL76Nk0uhiX/1zfn/gfMfPxFcadv+tgpLyyura8X10sbm1vZOeXfvTsWpZOiyWMSy5VOFgkfoaq4FthKJNPQFNv1hfew371EqHke3OkvQC2k/4gFnVJvRTZ10yxW7ak9EFsGZQeXy4/0LjBrd8menF7M0xEgzQZVqO3aivZxKzZnAUamTKkwoG9I+tg1GNETl5ZNNR+QoiCXRAyST9+9sTkOlstA3mZDqgZr3xsP/vHaqgzMv51GSaoyYiRgvSAXRMRkXJj0ukWmRGaBMcrMlYQMqKdPmLCVT35kvuwjuSfW86lzbldoFTFWEAziEY3DgFGpwBQ1wgUEAj/ACrxZaD9aT9TyNFqzZn334I+vtB5TyjMc=</latexit><latexit sha1_base64="HYReQLIkzJrZJW8xkZuaaSvsBuU=">AAAB4nicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBtJYRjEmkCxhdnI2GTJ7YWZWCEueQBsRrez0QXwAe/FtnFwKTfyrb87/D5z/+IngSjvOt5VbWFxaXsmv2mvrG5tbhe2dWxWnkmGNxSKWDZ8qFDzCmuZaYCORSENfYN3vV0Z+/Q6l4nF0owcJeiHtRjzgjGozuq6QdqHolJyxyDy4UyhefLx92efJe7Vd+Gx1YpaGGGkmqFJN10m0l1GpORM4tFupwoSyPu1i02BEQ1ReNt50SA6CWBLdQzJ+/85mNFRqEPomE1LdU7PeaPif10x1cOJlPEpSjREzEeMFqSA6JqPCpMMlMi0GBiiT3GxJWI9KyrQ5i23qu7Nl56F2VDotuVdOsXwGE+VhD/bhEFw4hjJcQhVqwCCAB3iGFwute+vReppEc9b0zy78kfX6A1rSjiI=</latexit><latexit sha1_base64="HYReQLIkzJrZJW8xkZuaaSvsBuU=">AAAB4nicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBtJYRjEmkCxhdnI2GTJ7YWZWCEueQBsRrez0QXwAe/FtnFwKTfyrb87/D5z/+IngSjvOt5VbWFxaXsmv2mvrG5tbhe2dWxWnkmGNxSKWDZ8qFDzCmuZaYCORSENfYN3vV0Z+/Q6l4nF0owcJeiHtRjzgjGozuq6QdqHolJyxyDy4UyhefLx92efJe7Vd+Gx1YpaGGGkmqFJN10m0l1GpORM4tFupwoSyPu1i02BEQ1ReNt50SA6CWBLdQzJ+/85mNFRqEPomE1LdU7PeaPif10x1cOJlPEpSjREzEeMFqSA6JqPCpMMlMi0GBiiT3GxJWI9KyrQ5i23qu7Nl56F2VDotuVdOsXwGE+VhD/bhEFw4hjJcQhVqwCCAB3iGFwute+vReppEc9b0zy78kfX6A1rSjiI=</latexit><latexit sha1_base64="0wlMyTGSijPSayq0F3QFj974R1g=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJGxconGEBCakp6mBDj2PdNeYEMIX6MYYXflJ/oB/Y4OzUPSuTte9ndStMFPSkOt+OqWV1bX1jfJmZWt7Z3evun9wb9JcC/RFqlLdCblBJRP0SZLCTqaRx6HCdjhuzv32A2oj0+SOJhkGMR8mMpKCkx3dNlm/WnPr7kLsL3gF1KBQq1/96A1SkceYkFDcmK7nZhRMuSYpFM4qvdxgxsWYD7FrMeExmmC62HTGTqJUMxohW7x/Zqc8NmYShzYTcxqZZW8+/M/r5hRdBFOZZDlhImzEelGuGKVsXpgNpEZBamKBCy3tlkyMuOaC7Fkqtr63XPYv+Gf1y7p349YaV8UdynAEx3AKHpxDA66hBT4IiOAJXuHNQefReXZevqMlp/hzCL/kvH8BTiOKTg==</latexit>

! C :=
!

x ! { 0,1} n

(! 1)C (x )

<latexit sha1_base64="fMNEJTabH5/IPUXNlWdzeUcFOVc=">AAACEXicbVDLSgNBEOyN7/iKevQyRIQIGne9+ABBiAePCsYI2bjMjp1kcHZ2mZkVw7LgR+jP6EVEQdAf8G+cRA++6lTdVQ1dFSaCa+O6705haHhkdGx8ojg5NT0zW5qbP9FxqhjWWSxidRpSjYJLrBtuBJ4mCmkUCmyEF7W+3rhEpXksj00vwVZEO5K3OaPGroLSur+PwtCgRnZ2CfF1GgXZFfG5JH7mrnp+fiZzUlnzVs6yWuVqJQ9KS27VHYD8Jd4XWdqrvZSvAeAwKL355zFLI5SGCap103MT08qoMpwJzIt+qjGh7IJ2sGmppBHqVjYIlpPldqyI6SIZzN+9GY207kWh9UTUdPVvrb/8T2umpr3VyrhMUoOSWYvV2qkgJib9fsg5V8iM6FlCmeL2S8K6VFFmbItFG9/7HfYvqW9Ut6veka1hBz4xDotQhgp4sAl7cACHUAcGt3APT/Ds3Dh3zoPz+GktOF83C/ADzusH2Zictw==</latexit><latexit sha1_base64="T3ZV+QDNcOeGDYXyozvvWp/34P8="></latexit><latexit sha1_base64="T3ZV+QDNcOeGDYXyozvvWp/34P8="></latexit><latexit sha1_base64="3PadP4HGwjUCQwiGjh+3huoJcSs=">AAACEXicbVDLSsNAFJ34tr6iLt0MFqEFrYkbHyAIdeFSwWqhScNketsOTiZhZiKWkL/Qn9GNiK70B/wbpzULtZ7VufecC/ecMOFMacf5tCYmp6ZnZufmSwuLS8sr9uralYpTSaFBYx7LZkgUcCagoZnm0EwkkCjkcB3e1If69S1IxWJxqQcJ+BHpCdZllGizCuxd7xS4JkEdHx1j7Kk0CrI77DGBvczZdr28LXJc2XGr7axeuavmgV12as4IeJy4BSmjAueB/eF1YppGIDTlRKmW6yTaz4jUjHLIS16qICH0hvSgZaggESg/GwXL8VY3llj3AY/mn96MREoNotB4IqL76q82XP6ntVLdPfAzJpJUg6DGYrRuyrGO8bAf3GESqOYDQwiVzHyJaZ9IQrVpsWTiu3/DjpPGXu2w5l445ZOjooc5tIE2UQW5aB+doDN0jhqIogf0hF7Rm3VvPVrP1su3dcIqbtbRL1jvX00Cmso=</latexit>

2

Convert     into a linear 
optical network

Q
<latexit sha1_base64="VsGOgKKPU80jDGKhbSXZoetA44I=">AAAB4XicbZC7SgNBFIbPGC8x3uKlsxkMglXYtfFSBWwsE3BNIFnC7ORsMmT2wsysEJaAtTYiWvkuPoEv4Ns4uRSa+FffnP8fOP8JUim0cZxvslJYXVvfKG6WtrZ3dvfK+wf3OskUR48nMlGtgGmUIkbPCCOxlSpkUSCxGQxvJn7zAZUWSXxnRin6EevHIhScGTtqNLrlilN1pqLL4M6hUjv6LDwCQL1b/ur0Ep5FGBsumdZt10mNnzNlBJc4LnUyjSnjQ9bHtsWYRaj9fLromJ6GiaJmgHT6/p3NWaT1KApsJmJmoBe9yfA/r52Z8NLPRZxmBmNuI9YLM0lNQid9aU8o5EaOLDCuhN2S8gFTjBt7lZKt7y6WXQbvvHpVdRv2DNcwUxGO4QTOwIULqMEt1MEDDgjP8AbvpEeeyAt5nUVXyPzPIfwR+fgBJjeLxw==</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="iu6/13Z5AyXodccZl71Xf3xgJYM=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cQuIICUxIT1MDHXoe6a4xIYQf0I0xuvKX/AH/xgZnoeBdna57O6lbYaakIdf9ckpr6xubW+Xtys7u3v5B9fDowaS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8O/fbj6iNTJN7mmQYxHyYyEgKTnbUavWrNbfuLsRWwSugBoWa/epnb5CKPMaEhOLGdD03o2DKNUmhcFbp5QYzLsZ8iF2LCY/RBNPFojN2FqWa0QjZ4v07O+WxMZM4tJmY08gse/Phf143p+gqmMokywkTYSPWi3LFKGXzvmwgNQpSEwtcaGm3ZGLENRdkr1Kx9b3lsqvgX9Sv617LrTVuijuU4QRO4Rw8uIQG3EETfBCA8Axv8O4MnCfnxXn9iZac4s8x/JHz8Q0OOYoy</latexit>

L
<latexit sha1_base64="Fuzd/+LNDG7qA1wvLg5xqE+cysM=">AAAB4XicbZC7TgJBFIbP4g3xhlraTCQmVmTXxksjiY2FBSSukMCGzA5nYcLsJTOzJmTDC2hjjFaWvogPYG98G4eFQsG/+ub8/yTnP34iuNK2/W0VlpZXVteK66WNza3tnfLu3p2KU8nQZbGIZcunCgWP0NVcC2wlEmnoC2z6w6uJ37xHqXgc3epRgl5I+xEPOKPajBo33XLFrtq5yCI4M6hcfrx/gVG9W/7s9GKWhhhpJqhSbcdOtJdRqTkTOC51UoUJZUPax7bBiIaovCxfdEyOglgSPUCSv39nMxoqNQp9kwmpHqh5bzL8z2unOjjzMh4lqcaImYjxglQQHZNJX9LjEpkWIwOUSW62JGxAJWXaXKVk6jvzZRfBPameV52GXaldwFRFOIBDOAYHTqEG11AHFxggPMILvFo968F6sp6n0YI1+7MPf2S9/QBNl4ym</latexit><latexit sha1_base64="IyyUDkBjlxkOy8TYIwbbcTnz8tA=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBmwsLBJwTSBZwuzkJBkye2FmVghLXkAbEa0s9UF8AHvxbZxcCk38q2/O/w+c/wSJ4Eo7zreVW1hcWl7Jr9pr6xubW4XtnVsVp5Khx2IRy3pAFQoeoae5FlhPJNIwEFgL+pcjv3aHUvE4utGDBP2QdiPe4YxqM6petwpFp+SMRebBnULx4uPtyz5P3iutwmezHbM0xEgzQZVquE6i/YxKzZnAod1MFSaU9WkXGwYjGqLys/GiQ3LQiSXRPSTj9+9sRkOlBmFgMiHVPTXrjYb/eY1Ud078jEdJqjFiJmK8TiqIjsmoL2lziUyLgQHKJDdbEtajkjJtrmKb+u5s2XnwjkqnJbfqFMtnMFEe9mAfDsGFYyjDFVTAAwYID/AML1bburceradJNGdN/+zCH1mvPxN3jgE=</latexit><latexit sha1_base64="IyyUDkBjlxkOy8TYIwbbcTnz8tA=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBmwsLBJwTSBZwuzkJBkye2FmVghLXkAbEa0s9UF8AHvxbZxcCk38q2/O/w+c/wSJ4Eo7zreVW1hcWl7Jr9pr6xubW4XtnVsVp5Khx2IRy3pAFQoeoae5FlhPJNIwEFgL+pcjv3aHUvE4utGDBP2QdiPe4YxqM6petwpFp+SMRebBnULx4uPtyz5P3iutwmezHbM0xEgzQZVquE6i/YxKzZnAod1MFSaU9WkXGwYjGqLys/GiQ3LQiSXRPSTj9+9sRkOlBmFgMiHVPTXrjYb/eY1Ud078jEdJqjFiJmK8TiqIjsmoL2lziUyLgQHKJDdbEtajkjJtrmKb+u5s2XnwjkqnJbfqFMtnMFEe9mAfDsGFYyjDFVTAAwYID/AML1bburceradJNGdN/+zCH1mvPxN3jgE=</latexit><latexit sha1_base64="K2bgeIjra4Nc1CGkXi/61pB2U9o=">AAAB4XicbZC7TgJBFIbP4g3xhlraTCQmVmTXxktFYmNhAYkrJLAhs8NZmDB7ycxZE0J4AW2M0cpX8gV8GwfcQtG/+ub8/yTnP2GmpCHX/XRKK6tr6xvlzcrW9s7uXnX/4N6kuRboi1SluhNyg0om6JMkhZ1MI49Dhe1wfD332w+ojUyTO5pkGMR8mMhICk521LrtV2tu3V2I/QWvgBoUavarH71BKvIYExKKG9P13IyCKdckhcJZpZcbzLgY8yF2LSY8RhNMF4vO2EmUakYjZIv3z+yUx8ZM4tBmYk4js+zNh/953Zyii2AqkywnTISNWC/KFaOUzfuygdQoSE0scKGl3ZKJEddckL1Kxdb3lsv+Bf+sfln3Wm6tcVXcoQxHcAyn4ME5NOAGmuCDAIQneIU3Z+A8Os/Oy3e05BR/DuGXnPcvBsiKLQ==</latexit>

3

Use correspondence 
between linear optics 
and permanents

! " 1, 0, . . .| ! (L ) |1, 0, . . .#
<latexit sha1_base64="xMOmTmzPKlOcx5HGL0qHHdxOGLQ="></latexit><latexit sha1_base64="gb6Y+n9NR7nigiRRbA/ohX3Ov4s="></latexit><latexit sha1_base64="gb6Y+n9NR7nigiRRbA/ohX3Ov4s="></latexit><latexit sha1_base64="DRv+YLUg/urhQ9rwtQVENHkb9s4="></latexit>

! per(L I,I )
<latexit sha1_base64="hgElGab/0lrnFTIdEe7Zb8h7Wg0=">AAACBnicbVDLSgNBEOz1bXxFPQoy+AAFCbtefF0EQRQ8KBgVsiHOjp1kcHZ3mOkVw5IP0J/Ri4ie/AB/wL9xknjwVX2p7qqBqYq0kpZ8/8Pr6x8YHBoeGS2MjU9MThWnZ85smhmBZZGq1FxE3KKSCZZJksILbZDHkcLz6Hqvo5/foLEyTU6ppbEa80Yi61JwcqdacSnUJtWUsnCnNywkvKVco2mvHNXyw7XD9mqtuOiX/C7YXxJ8kcXd+f38EgCOa8X38CoVWYwJCcWtrQS+pmrODUmhsF0IM4uai2vewIqjCY/RVvNumjZbrqeGURNZd//uzXlsbSuOnCfm1LS/tc7xP62SUX2zmstEZ4SJcBan1TPFXO5OKexKGhSkWo5wYaT7JRNNbrggV13BxQ9+h/1LyuulrVJw4mrYhh5GYA4WYAUC2IBdOIBjKIOAe3iEF3j17rwH78l77ln7vK83s/AD3tsn24iZnQ==</latexit><latexit sha1_base64="+zpPKTDsnHdNnCmWYfEZ2a3WJpo=">AAACBnicbVBLSgNBFOzxb/xFXQak8QMRJMy48bcRBDHiQsGYQCYMPZ0X09gz03S/EcOQA+hldCOiKw/gBTyFV7CTuPBXb1PvVTV0VaikMOi6787Q8Mjo2PjEZG5qemZ2Lj+/cGGSVHOo8EQmuhYyA1LEUEGBEmpKA4tCCdXw6qCnV69BG5HE59hR0IjYZSxagjO0pyC/6iudKEyovzcY6iPcYKZAd4snQVbeKHfXg/yKW3L7oH+J90VW9pcOs6DwcXwa5N/8ZsLTCGLkkhlT91yFjYxpFFxCN+enBhTjV+wS6pbGLALTyPppunStlWiKbaD9/bs3Y5ExnSi0nohh2/zWesf/tHqKre1GJmKVIsTcWqzWSiW1uXul0KbQwFF2LGFcC/tLyttMM462upyN7/0O+5dUNks7Je/M1rBLBpggBbJMisQjW2SfHJFTUiGc3JEH8kxenFvn3nl0ngbWIefrzSL5Aef1E5cSmvA=</latexit><latexit sha1_base64="+zpPKTDsnHdNnCmWYfEZ2a3WJpo=">AAACBnicbVBLSgNBFOzxb/xFXQak8QMRJMy48bcRBDHiQsGYQCYMPZ0X09gz03S/EcOQA+hldCOiKw/gBTyFV7CTuPBXb1PvVTV0VaikMOi6787Q8Mjo2PjEZG5qemZ2Lj+/cGGSVHOo8EQmuhYyA1LEUEGBEmpKA4tCCdXw6qCnV69BG5HE59hR0IjYZSxagjO0pyC/6iudKEyovzcY6iPcYKZAd4snQVbeKHfXg/yKW3L7oH+J90VW9pcOs6DwcXwa5N/8ZsLTCGLkkhlT91yFjYxpFFxCN+enBhTjV+wS6pbGLALTyPppunStlWiKbaD9/bs3Y5ExnSi0nohh2/zWesf/tHqKre1GJmKVIsTcWqzWSiW1uXul0KbQwFF2LGFcC/tLyttMM462upyN7/0O+5dUNks7Je/M1rBLBpggBbJMisQjW2SfHJFTUiGc3JEH8kxenFvn3nl0ngbWIefrzSL5Aef1E5cSmvA=</latexit><latexit sha1_base64="mY4yrkLXlxQJriA7CtRkxLHi6KM=">AAACBnicbVDLSgMxFM34rPVVdekmWIUKUmbc+NoU3FhwUcHaQqeUTHprQzMzIbkjlqEfoD+jGxFd+QH+gH9j+lho9dzNufecQM4JlBQGXffLmZmdm19YzCxll1dW19ZzG5s3Jk40hyqPZazrATMgRQRVFCihrjSwMJBQC3rnQ712B9qIOLrGvoJmyG4j0RGcoT21cru+0rHCmPpn46E+wj2mCvSgcNlKywflwX4rl3eL7gj0L/EmJE8mqLRyn3475kkIEXLJjGl4rsJmyjQKLmGQ9RMDivEeu4WGpRELwTTTUZoB3evEmmIX6Gj/6U1ZaEw/DKwnZNg109rw+J/WSLBz3ExFpBKEiFuL1TqJpDb3sBTaFho4yr4ljGthf0l5l2nG0VaXtfG96bB/SfWweFL0rtx86XTSQ4Zskx1SIB45IiVyQSqkSjh5JM/kjbw7D86T8+K8jq0zzuTNFvkF5+Mb4NqYHg==</latexit>

our contribution

Encode         into the 
transition amplitude of 
a quantum circuit "
over qubits

1

! C
<latexit sha1_base64="Q4aHQ53tdyGcRFRUdQo3Ze30jso=">AAAB6HicbZC7SgNBFIbPxluMt1VLQRaDYBV2bbxUgVhYRnA1kIQwOzmbDJm9MHNWCEseQhsRrex9E1/Azkdxcik08a++Of8/cP4TpFJoct0vq7C0vLK6VlwvbWxube/Yu3t3OskUR58nMlGNgGmUIkafBElspApZFEi8Dwa1sX//gEqLJL6lYYrtiPViEQrOyIwarSuUxDq1jl12K+5EziJ4MyhX7cOPbwCod+zPVjfhWYQxccm0bnpuSu2cKRJc4qjUyjSmjA9YD5sGYxahbueTfUfOcZgoh/roTN6/szmLtB5GgclEjPp63hsP//OaGYXn7VzEaUYYcxMxXphJhxJnXNvpCoWc5NAA40qYLR3eZ4pxMscpmfrefNlF8E8rFxXvxpzhEqYqwgEcwQl4cAZVuIY6+MBBwhO8wps1sB6tZ+tlGi1Ysz/78EfW+w+TWI8K</latexit><latexit sha1_base64="tj2bcDTtCpUPaYXcYpk2QavTLkw=">AAAB6HicbZC7SgNBFIZn4y3G26qlIINBsAq7Nl6qQCwsI7gmkIQwOzmbDJm9MHNWCEveQW1EtLLPO/gAtha+jZNLoYl/9c35/4HzHz+RQqPjfFu5peWV1bX8emFjc2t7x97du9Nxqjh4PJaxqvtMgxQReChQQj1RwEJfQs3vV8Z+7R6UFnF0i4MEWiHrRiIQnKEZ1ZtXIJG1K2276JSciegiuDMolu3D0dfDx6jatj+bnZinIUTIJdO64ToJtjKmUHAJw0Iz1ZAw3mddaBiMWAi6lU32HdLjIFYUe0An79/ZjIVaD0LfZEKGPT3vjYf/eY0Ug/NWJqIkRYi4iRgvSCXFmI5r045QwFEODDCuhNmS8h5TjKM5TsHUd+fLLoJ3WroouTfmDJdkqjw5IEfkhLjkjJTJNakSj3AiyRN5JW9W33q0nq2XaTRnzf7skz+y3n8AHwCQ/A==</latexit><latexit sha1_base64="tj2bcDTtCpUPaYXcYpk2QavTLkw=">AAAB6HicbZC7SgNBFIZn4y3G26qlIINBsAq7Nl6qQCwsI7gmkIQwOzmbDJm9MHNWCEveQW1EtLLPO/gAtha+jZNLoYl/9c35/4HzHz+RQqPjfFu5peWV1bX8emFjc2t7x97du9Nxqjh4PJaxqvtMgxQReChQQj1RwEJfQs3vV8Z+7R6UFnF0i4MEWiHrRiIQnKEZ1ZtXIJG1K2276JSciegiuDMolu3D0dfDx6jatj+bnZinIUTIJdO64ToJtjKmUHAJw0Iz1ZAw3mddaBiMWAi6lU32HdLjIFYUe0An79/ZjIVaD0LfZEKGPT3vjYf/eY0Ug/NWJqIkRYi4iRgvSCXFmI5r045QwFEODDCuhNmS8h5TjKM5TsHUd+fLLoJ3WroouTfmDJdkqjw5IEfkhLjkjJTJNakSj3AiyRN5JW9W33q0nq2XaTRnzf7skz+y3n8AHwCQ/A==</latexit><latexit sha1_base64="rSbkV2IJWglQhRcUWJfHbZem1LI=">AAAB6HicbZDLTgJBEEVrfCK+UJduOhITV2TGjY8VCS5cYuIICUxIT1MDHXoe6a4xIYSP0I0xuvJ7/AH/xgZnoeBdna57O6lbYaakIdf9clZW19Y3Nktb5e2d3b39ysHhg0lzLdAXqUp1O+QGlUzQJ0kK25lGHocKW+GoMfNbj6iNTJN7GmcYxHyQyEgKTnbU7t6gIt5r9CpVt+bOxZbBK6AKhZq9yme3n4o8xoSE4sZ0PDejYMI1SaFwWu7mBjMuRnyAHYsJj9EEk/m+U3YapZrRENn8/Ts74bEx4zi0mZjT0Cx6s+F/Xien6DKYyCTLCRNhI9aLcsUoZbParC81ClJjC1xoabdkYsg1F2SPU7b1vcWyy+Cf165q3p1brV8XdyjBMZzAGXhwAXW4hSb4IEDBM7zBuzNynpwX5/UnuuIUf47gj5yPb/WnjQ8=</latexit>

Q
<latexit sha1_base64="VsGOgKKPU80jDGKhbSXZoetA44I=">AAAB4XicbZC7SgNBFIbPGC8x3uKlsxkMglXYtfFSBWwsE3BNIFnC7ORsMmT2wsysEJaAtTYiWvkuPoEv4Ns4uRSa+FffnP8fOP8JUim0cZxvslJYXVvfKG6WtrZ3dvfK+wf3OskUR48nMlGtgGmUIkbPCCOxlSpkUSCxGQxvJn7zAZUWSXxnRin6EevHIhScGTtqNLrlilN1pqLL4M6hUjv6LDwCQL1b/ur0Ep5FGBsumdZt10mNnzNlBJc4LnUyjSnjQ9bHtsWYRaj9fLromJ6GiaJmgHT6/p3NWaT1KApsJmJmoBe9yfA/r52Z8NLPRZxmBmNuI9YLM0lNQid9aU8o5EaOLDCuhN2S8gFTjBt7lZKt7y6WXQbvvHpVdRv2DNcwUxGO4QTOwIULqMEt1MEDDgjP8AbvpEeeyAt5nUVXyPzPIfwR+fgBJjeLxw==</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="iu6/13Z5AyXodccZl71Xf3xgJYM=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cQuIICUxIT1MDHXoe6a4xIYQf0I0xuvKX/AH/xgZnoeBdna57O6lbYaakIdf9ckpr6xubW+Xtys7u3v5B9fDowaS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8O/fbj6iNTJN7mmQYxHyYyEgKTnbUavWrNbfuLsRWwSugBoWa/epnb5CKPMaEhOLGdD03o2DKNUmhcFbp5QYzLsZ8iF2LCY/RBNPFojN2FqWa0QjZ4v07O+WxMZM4tJmY08gse/Phf143p+gqmMokywkTYSPWi3LFKGXzvmwgNQpSEwtcaGm3ZGLENRdkr1Kx9b3lsqvgX9Sv617LrTVuijuU4QRO4Rw8uIQG3EETfBCA8Axv8O4MnCfnxXn9iZac4s8x/JHz8Q0OOYoy</latexit>

! C ! " 0 . . . 0| Q |0. . . 0#
<latexit sha1_base64="SfqZIlaD26KasC5hcFO2YtAQk9M=">AAACJ3icbZBLSwMxFIXv+La+qu50E3yAqzLjxgciggouFawKnVIy6Z02NDMZkjtCqS79M/pXXOhGfKz8J6at4PNscnK/E8g9UaakJd9/8QYGh4ZHRsfGCxOTU9Mzxdm5M6tzI7AstNLmIuIWlUyxTJIUXmQGeRIpPI9a+11+fonGSp2eUjvDasIbqYyl4ORGteJheICKeG2fhZnRGWkWKoxpx3dnXZNlfmhko0lX7KRPrtgXYn22y2rFZb/k98T+muDTLO8t3KyA03GteB/WtcgTTEkobm0l8DOqdrghKRReF8LcYsZFizew4mzKE7TVTm/da7Yaa8Ooiax3/57t8MTadhK5TMKpaX+z7vA/Vskp3qx2ZJrlhKlwEcfiXDHXR7c1VpcGBam2M1wY6X7JRJMbLsh1W3DrB7+X/WvK66WtUnDiatiGvsZgEZZgDQLYgD04gmMog4A7eIRXePNuvQfvyXvuRwe8zzfz8EPe+wf4KaWO</latexit><latexit sha1_base64="XW2NcKomi5ogf3LVXOgGilKF6T4="></latexit><latexit sha1_base64="XW2NcKomi5ogf3LVXOgGilKF6T4="></latexit><latexit sha1_base64="UsH6TZjvUeNpgn3PvQGMvkavLCI=">AAACJ3icbZBLSwMxFIUzPmt9VV26CRbBVZlx4wMRoQouW7BW6AxDJr3TBjOTIbkjlNo/pH/FhW7Ex8p/YvoAn2eTk/udQO6JMikMuu6rMzU9Mzs3X1goLi4tr6yW1tYvjco1hwZXUumriBmQIoUGCpRwlWlgSSShGV1Xh7x5A9oIlV5gL4MgYZ1UxIIztKOwdOafgkQWVqmfaZWhor6EGI9ce7YVGur6WnS6eEvrY3JLvxAds2MalspuxR2J/jXexJTJRLWw9OC3Fc8TSJFLZkzLczMM+kyj4BIGRT83kDF+zTrQsjZlCZigP1p3QLdjpSl2gY7u37N9lhjTSyKbSRh2zW82HP7HWjnG+0FfpFmOkHIbsSzOJbV9DFujbaGBo+xZw7gW9peUd5lmHG23Rbu+93vZv6axWzmoeHW3fHI46aFANskW2SEe2SMn5JzUSINwck+eyBt5d+6cR+fZeRlHp5zJmw3yQ87HJ6CrpIs=</latexit>



Comparison of linear optics

Quantum computing with qudits Linear optics with photons

States: |! ! " (Cm )! n
<latexit sha1_base64="Wy25ubM8S8Y6N9ZU2zwH2WR+NQI=">AAACEHicbVDLTgIxFO34RHyhLt00EhNcSGaMiS6JbFxiIo+EAdIpd6Ch007ajgkZ5yf0Z3Rl1J3xB/wbC7JQ8KxO7znNvecEMWfauO6Xs7S8srq2ntvIb25t7+wW9vYbWiaKQp1KLlUrIBo4E1A3zHBoxQpIFHBoBqPqRG/egdJMilszjqETkYFgIaPE2FGvcHqP/Vgz7CsiBhywzwQu+RExwyBIq1k3OummvjQsAo1F1isU3bI7BV4k3owU0Qy1XuHT70uaRCAM5UTrtufGppMSZRjlkOX9RENM6IgMoG2pIHZPJ53GyvBxKBU2Q8DT929vSiKtx1FgPZNT9bw2Gf6ntRMTXnZSJuLEgKDWYrUw4dhIPGkH95kCavjYEkIVs1diOiSKUGM7zNv43nzYRdI4K3tu2bs5L1auZkXk0CE6QiXkoQtUQdeohuqIokf0jN7Qu/PgPDkvzuuPdcmZ/TlAf+B8fAMy05yg</latexit><latexit sha1_base64="Wy25ubM8S8Y6N9ZU2zwH2WR+NQI=">AAACEHicbVDLTgIxFO34RHyhLt00EhNcSGaMiS6JbFxiIo+EAdIpd6Ch007ajgkZ5yf0Z3Rl1J3xB/wbC7JQ8KxO7znNvecEMWfauO6Xs7S8srq2ntvIb25t7+wW9vYbWiaKQp1KLlUrIBo4E1A3zHBoxQpIFHBoBqPqRG/egdJMilszjqETkYFgIaPE2FGvcHqP/Vgz7CsiBhywzwQu+RExwyBIq1k3OummvjQsAo1F1isU3bI7BV4k3owU0Qy1XuHT70uaRCAM5UTrtufGppMSZRjlkOX9RENM6IgMoG2pIHZPJ53GyvBxKBU2Q8DT929vSiKtx1FgPZNT9bw2Gf6ntRMTXnZSJuLEgKDWYrUw4dhIPGkH95kCavjYEkIVs1diOiSKUGM7zNv43nzYRdI4K3tu2bs5L1auZkXk0CE6QiXkoQtUQdeohuqIokf0jN7Qu/PgPDkvzuuPdcmZ/TlAf+B8fAMy05yg</latexit><latexit sha1_base64="Wy25ubM8S8Y6N9ZU2zwH2WR+NQI=">AAACEHicbVDLTgIxFO34RHyhLt00EhNcSGaMiS6JbFxiIo+EAdIpd6Ch007ajgkZ5yf0Z3Rl1J3xB/wbC7JQ8KxO7znNvecEMWfauO6Xs7S8srq2ntvIb25t7+wW9vYbWiaKQp1KLlUrIBo4E1A3zHBoxQpIFHBoBqPqRG/egdJMilszjqETkYFgIaPE2FGvcHqP/Vgz7CsiBhywzwQu+RExwyBIq1k3OummvjQsAo1F1isU3bI7BV4k3owU0Qy1XuHT70uaRCAM5UTrtufGppMSZRjlkOX9RENM6IgMoG2pIHZPJ53GyvBxKBU2Q8DT929vSiKtx1FgPZNT9bw2Gf6ntRMTXnZSJuLEgKDWYrUw4dhIPGkH95kCavjYEkIVs1diOiSKUGM7zNv43nzYRdI4K3tu2bs5L1auZkXk0CE6QiXkoQtUQdeohuqIokf0jN7Qu/PgPDkvzuuPdcmZ/TlAf+B8fAMy05yg</latexit><latexit sha1_base64="Wy25ubM8S8Y6N9ZU2zwH2WR+NQI=">AAACEHicbVDLTgIxFO34RHyhLt00EhNcSGaMiS6JbFxiIo+EAdIpd6Ch007ajgkZ5yf0Z3Rl1J3xB/wbC7JQ8KxO7znNvecEMWfauO6Xs7S8srq2ntvIb25t7+wW9vYbWiaKQp1KLlUrIBo4E1A3zHBoxQpIFHBoBqPqRG/egdJMilszjqETkYFgIaPE2FGvcHqP/Vgz7CsiBhywzwQu+RExwyBIq1k3OummvjQsAo1F1isU3bI7BV4k3owU0Qy1XuHT70uaRCAM5UTrtufGppMSZRjlkOX9RENM6IgMoG2pIHZPJ53GyvBxKBU2Q8DT929vSiKtx1FgPZNT9bw2Gf6ntRMTXnZSJuLEgKDWYrUw4dhIPGkH95kCavjYEkIVs1diOiSKUGM7zNv43nzYRdI4K3tu2bs5L1auZkXk0CE6QiXkoQtUQdeohuqIokf0jN7Qu/PgPDkvzuuPdcmZ/TlAf+B8fAMy05yg</latexit>

|! ! " (Cm )! n
<latexit sha1_base64="baY4WL02gcyyJz89aTjU5+etons=">AAACDnicbVDLSgMxFM34rPU16tJNsAgVocyIoMtiNy4r2Ad0piWT3rahmWRIMkIZ+w/6M7oSdefCH/BvTGsX2npW595zLtxzooQzbTzvy1laXlldW89t5De3tnd23b39upapolCjkkvVjIgGzgTUDDMcmokCEkccGtGwMtEbd6A0k+LWjBIIY9IXrMcoMXbVcU/vcZBohgNFRJ8DDpjAxSAmZhBFWWXcjk/aWSC70mAx7rgFr+RNgReJPyMFNEO1434GXUnTGIShnGjd8r3EhBlRhlEO43yQakgIHZI+tCwVJAYdZtNQY3zckwqbAeDp/NubkVjrURxZz+RRPa9Nlv9prdT0LsOMiSQ1IKi1WK2XcmwknnSDu0wBNXxkCaGK2S8xHRBFqLEN5m18fz7sIqmflXyv5N+cF8pXsyJy6BAdoSLy0QUqo2tURTVE0SN6Rm/o3XlwnpwX5/XHuuTMbg7QHzgf34DBm7E=</latexit><latexit sha1_base64="baY4WL02gcyyJz89aTjU5+etons=">AAACDnicbVDLSgMxFM34rPU16tJNsAgVocyIoMtiNy4r2Ad0piWT3rahmWRIMkIZ+w/6M7oSdefCH/BvTGsX2npW595zLtxzooQzbTzvy1laXlldW89t5De3tnd23b39upapolCjkkvVjIgGzgTUDDMcmokCEkccGtGwMtEbd6A0k+LWjBIIY9IXrMcoMXbVcU/vcZBohgNFRJ8DDpjAxSAmZhBFWWXcjk/aWSC70mAx7rgFr+RNgReJPyMFNEO1434GXUnTGIShnGjd8r3EhBlRhlEO43yQakgIHZI+tCwVJAYdZtNQY3zckwqbAeDp/NubkVjrURxZz+RRPa9Nlv9prdT0LsOMiSQ1IKi1WK2XcmwknnSDu0wBNXxkCaGK2S8xHRBFqLEN5m18fz7sIqmflXyv5N+cF8pXsyJy6BAdoSLy0QUqo2tURTVE0SN6Rm/o3XlwnpwX5/XHuuTMbg7QHzgf34DBm7E=</latexit><latexit sha1_base64="baY4WL02gcyyJz89aTjU5+etons=">AAACDnicbVDLSgMxFM34rPU16tJNsAgVocyIoMtiNy4r2Ad0piWT3rahmWRIMkIZ+w/6M7oSdefCH/BvTGsX2npW595zLtxzooQzbTzvy1laXlldW89t5De3tnd23b39upapolCjkkvVjIgGzgTUDDMcmokCEkccGtGwMtEbd6A0k+LWjBIIY9IXrMcoMXbVcU/vcZBohgNFRJ8DDpjAxSAmZhBFWWXcjk/aWSC70mAx7rgFr+RNgReJPyMFNEO1434GXUnTGIShnGjd8r3EhBlRhlEO43yQakgIHZI+tCwVJAYdZtNQY3zckwqbAeDp/NubkVjrURxZz+RRPa9Nlv9prdT0LsOMiSQ1IKi1WK2XcmwknnSDu0wBNXxkCaGK2S8xHRBFqLEN5m18fz7sIqmflXyv5N+cF8pXsyJy6BAdoSLy0QUqo2tURTVE0SN6Rm/o3XlwnpwX5/XHuuTMbg7QHzgf34DBm7E=</latexit><latexit sha1_base64="baY4WL02gcyyJz89aTjU5+etons=">AAACDnicbVDLSgMxFM34rPU16tJNsAgVocyIoMtiNy4r2Ad0piWT3rahmWRIMkIZ+w/6M7oSdefCH/BvTGsX2npW595zLtxzooQzbTzvy1laXlldW89t5De3tnd23b39upapolCjkkvVjIgGzgTUDDMcmokCEkccGtGwMtEbd6A0k+LWjBIIY9IXrMcoMXbVcU/vcZBohgNFRJ8DDpjAxSAmZhBFWWXcjk/aWSC70mAx7rgFr+RNgReJPyMFNEO1434GXUnTGIShnGjd8r3EhBlRhlEO43yQakgIHZI+tCwVJAYdZtNQY3zckwqbAeDp/NubkVjrURxZz+RRPa9Nlv9prdT0LsOMiSQ1IKi1WK2XcmwknnSDu0wBNXxkCaGK2S8xHRBFqLEN5m18fz7sIqmflXyv5N+cF8pXsyJy6BAdoSLy0QUqo2tURTVE0SN6Rm/o3XlwnpwX5/XHuuTMbg7QHzgf34DBm7E=</latexit>

States:

symmetric tensor product

v1 ! . . . ! vn =
1
n!

!

! ! Sn

v! (1) " . . . " v! (n )

<latexit sha1_base64="xupD11lVzyY5sCWiCz5cS8aODu0="></latexit><latexit sha1_base64="xupD11lVzyY5sCWiCz5cS8aODu0="></latexit><latexit sha1_base64="xupD11lVzyY5sCWiCz5cS8aODu0="></latexit><latexit sha1_base64="xupD11lVzyY5sCWiCz5cS8aODu0="></latexit>

Operations: U ! U(mn )
<latexit sha1_base64="LwpQzbz1JhsMksKdg7WN++d28ts=">AAAB+XicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuiy6MZlBVMLTSyT6W07dGYSZiZCif0YXYm68zf8Af/GSc1CW8/q3HvOhXNPlHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKPg05rHqREQDZxJ8wwyHTqKAiIjDXTS+yvW7B1CaxfLWTBIIBRlKNmCUGLvqVQ+wjwMmcSCIGSmR+dO6uJcnvWrNbbgz4EXiFaSGCrR61c+gH9NUgDSUE627npuYMCPKMMphWglSDQmhYzKErqWSCNBhNss/xceDWGEzAjybf3szIrSeiMh68oB6XsuX/2nd1AwuwozJJDUgqbVYbZBybGKc14D7TAE1fGIJoYrZlJiOiCLU2LIq9n1v/tlF0j5teG7DuzmrNS+LIsroEB2hOvLQOWqia9RCPqLoET2jN/TuZM6T8+K8/lhLTnGzj/7A+fgGW7WSwA==</latexit><latexit sha1_base64="LwpQzbz1JhsMksKdg7WN++d28ts=">AAAB+XicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuiy6MZlBVMLTSyT6W07dGYSZiZCif0YXYm68zf8Af/GSc1CW8/q3HvOhXNPlHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKPg05rHqREQDZxJ8wwyHTqKAiIjDXTS+yvW7B1CaxfLWTBIIBRlKNmCUGLvqVQ+wjwMmcSCIGSmR+dO6uJcnvWrNbbgz4EXiFaSGCrR61c+gH9NUgDSUE627npuYMCPKMMphWglSDQmhYzKErqWSCNBhNss/xceDWGEzAjybf3szIrSeiMh68oB6XsuX/2nd1AwuwozJJDUgqbVYbZBybGKc14D7TAE1fGIJoYrZlJiOiCLU2LIq9n1v/tlF0j5teG7DuzmrNS+LIsroEB2hOvLQOWqia9RCPqLoET2jN/TuZM6T8+K8/lhLTnGzj/7A+fgGW7WSwA==</latexit><latexit sha1_base64="LwpQzbz1JhsMksKdg7WN++d28ts=">AAAB+XicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuiy6MZlBVMLTSyT6W07dGYSZiZCif0YXYm68zf8Af/GSc1CW8/q3HvOhXNPlHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKPg05rHqREQDZxJ8wwyHTqKAiIjDXTS+yvW7B1CaxfLWTBIIBRlKNmCUGLvqVQ+wjwMmcSCIGSmR+dO6uJcnvWrNbbgz4EXiFaSGCrR61c+gH9NUgDSUE627npuYMCPKMMphWglSDQmhYzKErqWSCNBhNss/xceDWGEzAjybf3szIrSeiMh68oB6XsuX/2nd1AwuwozJJDUgqbVYbZBybGKc14D7TAE1fGIJoYrZlJiOiCLU2LIq9n1v/tlF0j5teG7DuzmrNS+LIsroEB2hOvLQOWqia9RCPqLoET2jN/TuZM6T8+K8/lhLTnGzj/7A+fgGW7WSwA==</latexit><latexit sha1_base64="LwpQzbz1JhsMksKdg7WN++d28ts=">AAAB+XicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuiy6MZlBVMLTSyT6W07dGYSZiZCif0YXYm68zf8Af/GSc1CW8/q3HvOhXNPlHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKPg05rHqREQDZxJ8wwyHTqKAiIjDXTS+yvW7B1CaxfLWTBIIBRlKNmCUGLvqVQ+wjwMmcSCIGSmR+dO6uJcnvWrNbbgz4EXiFaSGCrR61c+gH9NUgDSUE627npuYMCPKMMphWglSDQmhYzKErqWSCNBhNss/xceDWGEzAjybf3szIrSeiMh68oB6XsuX/2nd1AwuwozJJDUgqbVYbZBybGKc14D7TAE1fGIJoYrZlJiOiCLU2LIq9n1v/tlF0j5teG7DuzmrNS+LIsroEB2hOvLQOWqia9RCPqLoET2jN/TuZM6T8+K8/lhLTnGzj/7A+fgGW7WSwA==</latexit>

Operations:               for L ! n
<latexit sha1_base64="JRDVN/cK0bzKByTK/CcJanuA/cU=">AAAB7nicbVC7TgMxENzjGcIrQEljESFRRXcICcoIGgqKIJGHlByRz/ElVnz2Ye8hRaf8BlQI6PgYfoC/wQkpIGGq2Z1Z7c5GqRQWff/LW1peWV1bL2wUN7e2d3ZLe/sNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxpeTfTmIzdWaHWHo5SHCe0rEQtG0bXCm/u8o1Ek3BI17pbKfsWfgiySYEbKMEOtW/rs9DTLEq6QSWptO/BTDHNqUDDJx8VOZnlK2ZD2edtRRd2eMJ8ePSbHsTYEB5xM69/enCbWjpLIeRKKAzuvTZr/ae0M44swFyrNkCvmLE6LM0lQk0l20hOGM5QjRygzwl1J2IAaytB9qOjiB/NhF0njtBL4leD2rFy9nD2iAIdwBCcQwDlU4RpqUAcGD/AMb/Dupd6T9+K9/liXvNnMAfyB9/ENo1yPrg==</latexit><latexit sha1_base64="JRDVN/cK0bzKByTK/CcJanuA/cU=">AAAB7nicbVC7TgMxENzjGcIrQEljESFRRXcICcoIGgqKIJGHlByRz/ElVnz2Ye8hRaf8BlQI6PgYfoC/wQkpIGGq2Z1Z7c5GqRQWff/LW1peWV1bL2wUN7e2d3ZLe/sNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxpeTfTmIzdWaHWHo5SHCe0rEQtG0bXCm/u8o1Ek3BI17pbKfsWfgiySYEbKMEOtW/rs9DTLEq6QSWptO/BTDHNqUDDJx8VOZnlK2ZD2edtRRd2eMJ8ePSbHsTYEB5xM69/enCbWjpLIeRKKAzuvTZr/ae0M44swFyrNkCvmLE6LM0lQk0l20hOGM5QjRygzwl1J2IAaytB9qOjiB/NhF0njtBL4leD2rFy9nD2iAIdwBCcQwDlU4RpqUAcGD/AMb/Dupd6T9+K9/liXvNnMAfyB9/ENo1yPrg==</latexit><latexit sha1_base64="JRDVN/cK0bzKByTK/CcJanuA/cU=">AAAB7nicbVC7TgMxENzjGcIrQEljESFRRXcICcoIGgqKIJGHlByRz/ElVnz2Ye8hRaf8BlQI6PgYfoC/wQkpIGGq2Z1Z7c5GqRQWff/LW1peWV1bL2wUN7e2d3ZLe/sNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxpeTfTmIzdWaHWHo5SHCe0rEQtG0bXCm/u8o1Ek3BI17pbKfsWfgiySYEbKMEOtW/rs9DTLEq6QSWptO/BTDHNqUDDJx8VOZnlK2ZD2edtRRd2eMJ8ePSbHsTYEB5xM69/enCbWjpLIeRKKAzuvTZr/ae0M44swFyrNkCvmLE6LM0lQk0l20hOGM5QjRygzwl1J2IAaytB9qOjiB/NhF0njtBL4leD2rFy9nD2iAIdwBCcQwDlU4RpqUAcGD/AMb/Dupd6T9+K9/liXvNnMAfyB9/ENo1yPrg==</latexit><latexit sha1_base64="JRDVN/cK0bzKByTK/CcJanuA/cU=">AAAB7nicbVC7TgMxENzjGcIrQEljESFRRXcICcoIGgqKIJGHlByRz/ElVnz2Ye8hRaf8BlQI6PgYfoC/wQkpIGGq2Z1Z7c5GqRQWff/LW1peWV1bL2wUN7e2d3ZLe/sNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxpeTfTmIzdWaHWHo5SHCe0rEQtG0bXCm/u8o1Ek3BI17pbKfsWfgiySYEbKMEOtW/rs9DTLEq6QSWptO/BTDHNqUDDJx8VOZnlK2ZD2edtRRd2eMJ8ePSbHsTYEB5xM69/enCbWjpLIeRKKAzuvTZr/ae0M44swFyrNkCvmLE6LM0lQk0l20hOGM5QjRygzwl1J2IAaytB9qOjiB/NhF0njtBL4leD2rFy9nD2iAIdwBCcQwDlU4RpqUAcGD/AMb/Dupd6T9+K9/liXvNnMAfyB9/ENo1yPrg==</latexit>

L ! U(m)
<latexit sha1_base64="EJdOepI+9A27ofqbned2r1vMIR8=">AAAB9nicbVDLSsNAFL3xWeur2qWbwSLUTUlE0GXRjQsXFUxbaEKZTCft0JkkzEzEEPoruhJ154f4A/6Nk5qFtp7VufecC+eeIOFMadv+slZW19Y3Nitb1e2d3b392sFhV8WpJNQlMY9lP8CKchZRVzPNaT+RFIuA014wvS703gOVisXRvc4S6gs8jljICNZmNazVb5HHIuQJrCdS5O6sKU6HtYbdsudAy8QpSQNKdIa1T28Uk1TQSBOOlRo4dqL9HEvNCKezqpcqmmAyxWM6MDTCgio/n4efoZMwlkhPKJrPv705FkplIjCeIp5a1Irlf9og1eGln7MoSTWNiLEYLUw50jEqOkAjJinRPDMEE8lMSkQmWGKiTVNV876z+Owy6Z61HLvl3J032ldlERU4gmNoggMX0IYb6IALBDJ4hjd4tx6tJ+vFev2xrljlTR3+wPr4Bm0Oka0=</latexit><latexit sha1_base64="EJdOepI+9A27ofqbned2r1vMIR8=">AAAB9nicbVDLSsNAFL3xWeur2qWbwSLUTUlE0GXRjQsXFUxbaEKZTCft0JkkzEzEEPoruhJ154f4A/6Nk5qFtp7VufecC+eeIOFMadv+slZW19Y3Nitb1e2d3b392sFhV8WpJNQlMY9lP8CKchZRVzPNaT+RFIuA014wvS703gOVisXRvc4S6gs8jljICNZmNazVb5HHIuQJrCdS5O6sKU6HtYbdsudAy8QpSQNKdIa1T28Uk1TQSBOOlRo4dqL9HEvNCKezqpcqmmAyxWM6MDTCgio/n4efoZMwlkhPKJrPv705FkplIjCeIp5a1Irlf9og1eGln7MoSTWNiLEYLUw50jEqOkAjJinRPDMEE8lMSkQmWGKiTVNV876z+Owy6Z61HLvl3J032ldlERU4gmNoggMX0IYb6IALBDJ4hjd4tx6tJ+vFev2xrljlTR3+wPr4Bm0Oka0=</latexit><latexit sha1_base64="EJdOepI+9A27ofqbned2r1vMIR8=">AAAB9nicbVDLSsNAFL3xWeur2qWbwSLUTUlE0GXRjQsXFUxbaEKZTCft0JkkzEzEEPoruhJ154f4A/6Nk5qFtp7VufecC+eeIOFMadv+slZW19Y3Nitb1e2d3b392sFhV8WpJNQlMY9lP8CKchZRVzPNaT+RFIuA014wvS703gOVisXRvc4S6gs8jljICNZmNazVb5HHIuQJrCdS5O6sKU6HtYbdsudAy8QpSQNKdIa1T28Uk1TQSBOOlRo4dqL9HEvNCKezqpcqmmAyxWM6MDTCgio/n4efoZMwlkhPKJrPv705FkplIjCeIp5a1Irlf9og1eGln7MoSTWNiLEYLUw50jEqOkAjJinRPDMEE8lMSkQmWGKiTVNV876z+Owy6Z61HLvl3J032ldlERU4gmNoggMX0IYb6IALBDJ4hjd4tx6tJ+vFev2xrljlTR3+wPr4Bm0Oka0=</latexit><latexit sha1_base64="EJdOepI+9A27ofqbned2r1vMIR8=">AAAB9nicbVDLSsNAFL3xWeur2qWbwSLUTUlE0GXRjQsXFUxbaEKZTCft0JkkzEzEEPoruhJ154f4A/6Nk5qFtp7VufecC+eeIOFMadv+slZW19Y3Nitb1e2d3b392sFhV8WpJNQlMY9lP8CKchZRVzPNaT+RFIuA014wvS703gOVisXRvc4S6gs8jljICNZmNazVb5HHIuQJrCdS5O6sKU6HtYbdsudAy8QpSQNKdIa1T28Uk1TQSBOOlRo4dqL9HEvNCKezqpcqmmAyxWM6MDTCgio/n4efoZMwlkhPKJrPv705FkplIjCeIp5a1Irlf9og1eGln7MoSTWNiLEYLUw50jEqOkAjJinRPDMEE8lMSkQmWGKiTVNV876z+Owy6Z61HLvl3J032ldlERU4gmNoggMX0IYb6IALBDJ4hjd4tx6tJ+vFev2xrljlTR3+wPr4Bm0Oka0=</latexit>



Linear Optics - States

States:     photons and     modesn
<latexit sha1_base64="RSL6crg11W0pee0p9yZmO0a5Nis=">AAAB4XicbZC7TsMwFIZPyq2UW4GRxaJCYqoSFi4LlVgYW4nQSm1UOe5Ja9VxIttBqqK+ACwIwcTIi/AA7Ii3wb0MUPinz+f/LZ3/hKng2rjul1NYWl5ZXSuulzY2t7Z3yrt7tzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHVxO/eYdK80TemFGKQUz7kkecUWNHDdktV9yqOxX5C94cKpfvb59gVe+WPzq9hGUxSsME1brtuakJcqoMZwLHpU6mMaVsSPvYtihpjDrIp4uOyVGUKGIGSKbvn9mcxlqP4tBmYmoGetGbDP/z2pmJzoKcyzQzKJmNWC/KBDEJmfQlPa6QGTGyQJnidkvCBlRRZuxVSra+t1j2L/gn1fOq13ArtQuYqQgHcAjH4MEp1OAa6uADA4QHeIYXp+fcO4/O0yxacOZ/9uGXnNdvgDGMyA==</latexit><latexit sha1_base64="zcTYNNZKHi0PoBkubM788MIKVG0=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBmwsE3BNIFnC7ORsMmT2wsysEJa8gDYiWlnqg/gA9uLbOLkUGv2rb87/D5z/BKngSjvOl1VYWFxaXimu2mvrG5tbpe2dG5VkkqHHEpHIZkAVCh6jp7kW2Ewl0igQ2AgGl2O/cYtS8SS+1sMU/Yj2Yh5yRrUZ1eNOqexUnInIX3BnUL54f/20z9O3Wqf00e4mLIsw1kxQpVquk2o/p1JzJnBktzOFKWUD2sOWwZhGqPx8suiIHISJJLqPZPL+mc1ppNQwCkwmorqv5r3x8D+vlenwxM95nGYaY2YixgszQXRCxn1Jl0tkWgwNUCa52ZKwPpWUaXMV29R358v+Be+oclpx6065egZTFWEP9uEQXDiGKlxBDTxggHAPT/Bsda0768F6nEYL1uzPLvyS9fINRhGOIw==</latexit><latexit sha1_base64="zcTYNNZKHi0PoBkubM788MIKVG0=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBmwsE3BNIFnC7ORsMmT2wsysEJa8gDYiWlnqg/gA9uLbOLkUGv2rb87/D5z/BKngSjvOl1VYWFxaXimu2mvrG5tbpe2dG5VkkqHHEpHIZkAVCh6jp7kW2Ewl0igQ2AgGl2O/cYtS8SS+1sMU/Yj2Yh5yRrUZ1eNOqexUnInIX3BnUL54f/20z9O3Wqf00e4mLIsw1kxQpVquk2o/p1JzJnBktzOFKWUD2sOWwZhGqPx8suiIHISJJLqPZPL+mc1ppNQwCkwmorqv5r3x8D+vlenwxM95nGYaY2YixgszQXRCxn1Jl0tkWgwNUCa52ZKwPpWUaXMV29R358v+Be+oclpx6065egZTFWEP9uEQXDiGKlxBDTxggHAPT/Bsda0768F6nEYL1uzPLvyS9fINRhGOIw==</latexit><latexit sha1_base64="4uu26fOkPLQw3hWe16sJhzp+nVk=">AAAB4XicbZC9TsMwFIVvyl8pfwVGFosKialKWPiZKrEwthKhldqoctyb1qrjRLaDVEV9AVgQgolX4gV4G5ySAVrO9PmeY+meG6aCa+O6X05lbX1jc6u6XdvZ3ds/qB8ePegkUwx9lohE9UKqUXCJvuFGYC9VSONQYDec3hZ+9xGV5om8N7MUg5iOJY84o8aOOnJYb7hNdyGyCl4JDSjVHtY/B6OEZTFKwwTVuu+5qQlyqgxnAue1QaYxpWxKx9i3KGmMOsgXi87JWZQoYiZIFu/f2ZzGWs/i0GZiaiZ62SuG/3n9zERXQc5lmhmUzEasF2WCmIQUfcmIK2RGzCxQprjdkrAJVZQZe5Ware8tl10F/6J53fQ6bqN1U96hCidwCufgwSW04A7a4AMDhGd4g3dn5Dw5L87rT7TilH+O4Y+cj285YopP</latexit>

m
<latexit sha1_base64="iQjItLWHhD+lqRfOQDfeP2kt2vc=">AAAB4XicbZC7TsMwFIZPyq2UW4GRxaJCYqoSFi4LlVgYW4nQSm1UOe5Ja9VOIttBqqK+ACwIwcTIi/AA7Ii3wb0MUPinz+f/LZ3/hKng2rjul1NYWl5ZXSuulzY2t7Z3yrt7tzrJFEOfJSJRrZBqFDxG33AjsJUqpDIU2AyHVxO/eYdK8yS+MaMUA0n7MY84o8aOGrJbrrhVdyryF7w5VC7f3z7Bqt4tf3R6CcskxoYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbTGmEnWQTxcdk6MoUcQMkEzfP7M5lVqPZGgzkpqBXvQmw/+8dmaisyDncZoZjJmNWC/KBDEJmfQlPa6QGTGyQJnidkvCBlRRZuxVSra+t1j2L/gn1fOq13ArtQuYqQgHcAjH4MEp1OAa6uADA4QHeIYXp+fcO4/O0yxacOZ/9uGXnNdvfrSMxw==</latexit><latexit sha1_base64="7XPL6op6itb/UPHJeVZAW7BEUYU=">AAAB4XicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjRcQC25ctmBsoQ1lMj1ph84kYWYilNAX0I2Irlzqg/gA7sW3cXpZaPVffXP+f+D8J0w5U9p1v6zCwuLS8kpx1V5b39jcKm3v3KgkkxR9mvBENkOikLMYfc00x2YqkYiQYyMcXI79xi1KxZL4Wg9TDATpxSxilGgzqotOqexW3Imcv+DNoHzx/vppn6dvtU7po91NaCYw1pQTpVqem+ogJ1IzynFktzOFKaED0sOWwZgIVEE+WXTkHESJdHQfncn7ZzYnQqmhCE1GEN1X8954+J/XynR0EuQsTjONMTUR40UZd3TijPs6XSaRaj40QKhkZkuH9okkVJur2Ka+N1/2L/hHldOKV3fL1TOYqgh7sA+H4MExVOEKauADBYR7eIJnq2vdWQ/W4zRasGZ/duGXrJdvRJSOIg==</latexit><latexit sha1_base64="7XPL6op6itb/UPHJeVZAW7BEUYU=">AAAB4XicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjRcQC25ctmBsoQ1lMj1ph84kYWYilNAX0I2Irlzqg/gA7sW3cXpZaPVffXP+f+D8J0w5U9p1v6zCwuLS8kpx1V5b39jcKm3v3KgkkxR9mvBENkOikLMYfc00x2YqkYiQYyMcXI79xi1KxZL4Wg9TDATpxSxilGgzqotOqexW3Imcv+DNoHzx/vppn6dvtU7po91NaCYw1pQTpVqem+ogJ1IzynFktzOFKaED0sOWwZgIVEE+WXTkHESJdHQfncn7ZzYnQqmhCE1GEN1X8954+J/XynR0EuQsTjONMTUR40UZd3TijPs6XSaRaj40QKhkZkuH9okkVJur2Ka+N1/2L/hHldOKV3fL1TOYqgh7sA+H4MExVOEKauADBYR7eIJnq2vdWQ/W4zRasGZ/duGXrJdvRJSOIg==</latexit><latexit sha1_base64="Dwyo9YPOk8toTeUp2+qT72r8+SI=">AAAB4XicbZC9TsMwFIVvyl8pfwVGFosKialKWPiZKrEwthKhldqoctyb1qqdRLaDVEV9AVgQgolX4gV4G5ySAVrO9PmeY+meG6aCa+O6X05lbX1jc6u6XdvZ3ds/qB8ePegkUwx9lohE9UKqUfAYfcONwF6qkMpQYDec3hZ+9xGV5kl8b2YpBpKOYx5xRo0ddeSw3nCb7kJkFbwSGlCqPax/DkYJyyTGhgmqdd9zUxPkVBnOBM5rg0xjStmUjrFvMaYSdZAvFp2TsyhRxEyQLN6/szmVWs9kaDOSmole9orhf14/M9FVkPM4zQzGzEasF2WCmIQUfcmIK2RGzCxQprjdkrAJVZQZe5Ware8tl10F/6J53fQ6bqN1U96hCidwCufgwSW04A7a4AMDhGd4g3dn5Dw5L87rT7TilH+O4Y+cj2835YpO</latexit>

photons ~ indistinguishable balls "
modes ~ distinct bins/locations

s2
<latexit sha1_base64="CUMoQ/4M7zurQF9kSr60OEQuk8A=">AAAB43icbZC7SgNBFIbPxluMt1VLQQaDYBV200StAjaWEV0TSJYwOzmbDJm9MDMrhCVvoI2IVj6Cb+IL2PkoTi6FJv7VN+f/B85/glRwpR3nyyqsrK6tbxQ3S1vbO7t79v7BvUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbDq4nffECpeBLf6VGKfkT7MQ85o9qMblW32rXLTsWZiiyDO4dy3T7++AaARtf+7PQSlkUYayaoUm3XSbWfU6k5EzgudTKFKWVD2se2wZhGqPx8uuqYnIaJJHqAZPr+nc1ppNQoCkwmonqgFr3J8D+vnenw3M95nGYaY2YixgszQXRCJo1Jj0tkWowMUCa52ZKwAZWUaXOXkqnvLpZdBq9auai4N+YMlzBTEY7gBM7AhRrU4Roa4AGDPjzBK7xZofVoPVsvs2jBmv85hD+y3n8AAWGM9A==</latexit><latexit sha1_base64="LTcsJTN2n32x/mRf8tU0Uo0awGA=">AAAB43icbZC7SgNBFIbPxluMt1VLQQaDYBV203ipAjaWEY0JJEuYnZxNhsxemJkVwpI3UBARrXyEvIMPYGvh2zi5FJr4V9+c/x84//ETwZV2nG8rt7S8srqWXy9sbG5t79i7e3cqTiXDGotFLBs+VSh4hDXNtcBGIpGGvsC6378c+/V7lIrH0a0eJOiFtBvxgDOqzehGtcttu+iUnInIIrgzKFbsw9HX08eo2rY/W52YpSFGmgmqVNN1Eu1lVGrOBA4LrVRhQlmfdrFpMKIhKi+brDokx0Esie4hmbx/ZzMaKjUIfZMJqe6peW88/M9rpjo48zIeJanGiJmI8YJUEB2TcWPS4RKZFgMDlElutiSsRyVl2tylYOq782UXoVYunZfca3OGC5gqDwdwBCfgwilU4AqqUAMGXXiEV3izAuvBerZeptGcNfuzD39kvf8AjPqO5g==</latexit><latexit sha1_base64="LTcsJTN2n32x/mRf8tU0Uo0awGA=">AAAB43icbZC7SgNBFIbPxluMt1VLQQaDYBV203ipAjaWEY0JJEuYnZxNhsxemJkVwpI3UBARrXyEvIMPYGvh2zi5FJr4V9+c/x84//ETwZV2nG8rt7S8srqWXy9sbG5t79i7e3cqTiXDGotFLBs+VSh4hDXNtcBGIpGGvsC6378c+/V7lIrH0a0eJOiFtBvxgDOqzehGtcttu+iUnInIIrgzKFbsw9HX08eo2rY/W52YpSFGmgmqVNN1Eu1lVGrOBA4LrVRhQlmfdrFpMKIhKi+brDokx0Esie4hmbx/ZzMaKjUIfZMJqe6peW88/M9rpjo48zIeJanGiJmI8YJUEB2TcWPS4RKZFgMDlElutiSsRyVl2tylYOq782UXoVYunZfca3OGC5gqDwdwBCfgwilU4AqqUAMGXXiEV3izAuvBerZeptGcNfuzD39kvf8AjPqO5g==</latexit><latexit sha1_base64="hprhQNRaR48uLXDk0GE5WlanrTw=">AAAB43icbZDLTgJBEEVrfCK+UJduOhITV2SGjY8ViRuXGB0hgQnpaWqgQ88j3TUmhPAHujFGV/6RP+Df2OAsFLyr03VvJ3UrzJQ05Lpfzsrq2vrGZmmrvL2zu7dfOTh8MGmuBfoiValuh9ygkgn6JElhO9PI41BhKxxdz/zWI2oj0+SexhkGMR8kMpKCkx3dmV69V6m6NXcutgxeAVUo1OxVPrv9VOQxJiQUN6bjuRkFE65JCoXTcjc3mHEx4gPsWEx4jCaYzFedstMo1YyGyObv39kJj40Zx6HNxJyGZtGbDf/zOjlFF8FEJllOmAgbsV6UK0YpmzVmfalRkBpb4EJLuyUTQ665IHuXsq3vLZZdBr9eu6x5t261cVXcoQTHcAJn4ME5NOAGmuCDgAE8wxu8O5Hz5Lw4rz/RFaf4cwR/5Hx8A2Owivk=</latexit>

Notation:   Let                            be the state with     photons in the Þrst mode,     
in the second, and so on.

|s1, s2, . . . , sm i
<latexit sha1_base64="TcZVjof/XVIRckBQ+TYQHVFsots=">AAACBnicbVC7SgNBFL3r2/hatdNmMBEsJOym8VFIwMYyglEhG8Ls5G4yOPtg5q4QoqWF/ow2Ilr5Af6Af+MkWmjiKYZz7zkX5pwwU9KQ5306E5NT0zOzc/OFhcWl5RV3de3cpLkWWBepSvVlyA0qmWCdJCm8zDTyOFR4EV4dD/SLa9RGpskZ9TJsxryTyEgKTnbVckuBwohumGn5u/ap7LJAtVMygyFmgZadLh213KJX9oZg48T/IcXqxl0JLGot9yNopyKPMSGhuDEN38uo2eeapFB4WwhygxkXV7yDDUsTHqNp9odpbtl2lGpGXWTD+be3z2NjenFoPTGnrhnVBsv/tEZO0X6zL5MsJ0yEtVgtyhWjlA1KYW2pUZDqWcKFlvaXTHS55oJsdQUb3x8NO07qlfJB2T+1NRzCN+ZgE7ZgB3zYgyqcQA3qIOABnuAV3px759F5dl6+rRPOz806/IHz/gVfrpia</latexit><latexit sha1_base64="1NJb5gNWLf+Ps5Rb0zDg+U07wRA=">AAACBnicbVC7SgNBFJ31GeNr1U6bwShYhLCbxkchARsbIYIxQjaE2cndZHD2wcxdIcRgZaE/o42IFuIH+AP+iLWTR6HRUwzn3nMuzDl+IoVGx/m0JianpmdmM3PZ+YXFpWV7ZfVcx6niUOGxjNWFzzRIEUEFBUq4SBSw0JdQ9S+P+nr1CpQWcXSGnQTqIWtFIhCcoVk17C1PQoDXVDfcvHmKeerJZoy6P4TUU6LVxsOGnXMKzgD0L3FHJFdav8193Zy8lRv2h9eMeRpChFwyrWuuk2C9yxQKLqGX9VINCeOXrAU1QyMWgq53B2l6dDuIFcU20MH809tlodad0DeekGFbj2v95X9aLcVgr94VUZIiRNxYjBakkmJM+6XQplDAUXYMYVwJ80vK20wxjqa6rInvjof9SyrFwn7BPTU1HJAhMmSDbJId4pJdUiLHpEwqhJN78kheyKt1Zz1YT9bz0DphjW7WyC9Y79+ltpsZ</latexit><latexit sha1_base64="1NJb5gNWLf+Ps5Rb0zDg+U07wRA=">AAACBnicbVC7SgNBFJ31GeNr1U6bwShYhLCbxkchARsbIYIxQjaE2cndZHD2wcxdIcRgZaE/o42IFuIH+AP+iLWTR6HRUwzn3nMuzDl+IoVGx/m0JianpmdmM3PZ+YXFpWV7ZfVcx6niUOGxjNWFzzRIEUEFBUq4SBSw0JdQ9S+P+nr1CpQWcXSGnQTqIWtFIhCcoVk17C1PQoDXVDfcvHmKeerJZoy6P4TUU6LVxsOGnXMKzgD0L3FHJFdav8193Zy8lRv2h9eMeRpChFwyrWuuk2C9yxQKLqGX9VINCeOXrAU1QyMWgq53B2l6dDuIFcU20MH809tlodad0DeekGFbj2v95X9aLcVgr94VUZIiRNxYjBakkmJM+6XQplDAUXYMYVwJ80vK20wxjqa6rInvjof9SyrFwn7BPTU1HJAhMmSDbJId4pJdUiLHpEwqhJN78kheyKt1Zz1YT9bz0DphjW7WyC9Y79+ltpsZ</latexit><latexit sha1_base64="uBIVQg51LU1i4ozpLS+1XeDBxPc=">AAACBnicbVBLTgJBFOzxi/gbdemmI5q4IGSGjZ+FIXHjEhNHSBhCepo30KHnk+43JmTkAHoZ3RijKw/gBbyNDbJQsBadeq/qJV0VpFJodJwva2FxaXlltbBWXN/Y3Nq2d3ZvdZIpDh5PZKKaAdMgRQweCpTQTBWwKJDQCAaXY71xB0qLJL7BYQrtiPViEQrO0Kw69qEvIcR7qjtu2TzVMvVlN0E9HiLqK9Hr40XHLjkVZwI6T9wpKZEp6h370+8mPIsgRi6Z1i3XSbGdM4WCSxgV/UxDyviA9aBlaMwi0O18kmZEj8JEUewDncy/vTmLtB5GgfFEDPt6Vhsv/9NaGYan7VzEaYYQc2MxWphJigkdl0K7QgFHOTSEcSXMLynvM8U4muqKJr47G3aeeNXKWcW9dkq182kPBbJPDsgxcckJqZErUice4eSRPJM38m49WE/Wi/X6Y12wpjd75A+sj28IMJeX</latexit>

s1
<latexit sha1_base64="KS7/W+IWDlOxVN8RflfTZZDNSFc=">AAAB43icbZDLSsNAFIZP6q3WW9SlIINFcFUSN15WBTcuKxpbaEOZTE/aoZMLMxMhhL6BbkR05SP4Jr6AOx/F6WWhrf/qm/P/A+c/QSq40o7zZZWWlldW18rrlY3Nre0de3fvXiWZZOixRCSyFVCFgsfoaa4FtlKJNAoENoPh1dhvPqBUPInvdJ6iH9F+zEPOqDajW9V1u3bVqTkTkUVwZ1Ct24cf3wDQ6NqfnV7CsghjzQRVqu06qfYLKjVnAkeVTqYwpWxI+9g2GNMIlV9MVh2R4zCRRA+QTN6/swWNlMqjwGQiqgdq3hsP//PamQ7P/YLHaaYxZiZivDATRCdk3Jj0uESmRW6AMsnNloQNqKRMm7tUTH13vuwieKe1i5p7Y85wCVOV4QCO4ARcOIM6XEMDPGDQhyd4hTcrtB6tZ+tlGi1Zsz/78EfW+w//1Yzz</latexit><latexit sha1_base64="yCT4JaTYuV27h85nz5IvokEkedg=">AAAB43icbZC7SgNBFIbPeo3xtmopyGAQrMKujZcqYGMZ0TWBZAmzk7PJkNkLM7NCWPIGCiKilY+Qd/ABbC18GyeXQhP/6pvz/wPnP0EquNKO820tLC4tr6wW1orrG5tb2/bO7p1KMsnQY4lIZD2gCgWP0dNcC6ynEmkUCKwFvcuRX7tHqXgS3+p+in5EOzEPOaPajG5Uy23ZJafsjEXmwZ1CqWIfDL+ePobVlv3ZbCcsizDWTFClGq6Taj+nUnMmcFBsZgpTynq0gw2DMY1Q+fl41QE5ChNJdBfJ+P07m9NIqX4UmExEdVfNeqPhf14j0+GZn/M4zTTGzESMF2aC6ISMGpM2l8i06BugTHKzJWFdKinT5i5FU9+dLTsP3kn5vOxemzNcwEQF2IdDOAYXTqECV1AFDxh04BFe4c0KrQfr2XqZRBes6Z89+CPr/QeLfY7l</latexit><latexit sha1_base64="yCT4JaTYuV27h85nz5IvokEkedg=">AAAB43icbZC7SgNBFIbPeo3xtmopyGAQrMKujZcqYGMZ0TWBZAmzk7PJkNkLM7NCWPIGCiKilY+Qd/ABbC18GyeXQhP/6pvz/wPnP0EquNKO820tLC4tr6wW1orrG5tb2/bO7p1KMsnQY4lIZD2gCgWP0dNcC6ynEmkUCKwFvcuRX7tHqXgS3+p+in5EOzEPOaPajG5Uy23ZJafsjEXmwZ1CqWIfDL+ePobVlv3ZbCcsizDWTFClGq6Taj+nUnMmcFBsZgpTynq0gw2DMY1Q+fl41QE5ChNJdBfJ+P07m9NIqX4UmExEdVfNeqPhf14j0+GZn/M4zTTGzESMF2aC6ISMGpM2l8i06BugTHKzJWFdKinT5i5FU9+dLTsP3kn5vOxemzNcwEQF2IdDOAYXTqECV1AFDxh04BFe4c0KrQfr2XqZRBes6Z89+CPr/QeLfY7l</latexit><latexit sha1_base64="GOmsuNOSou/vy9w5gznjiZICRo8=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cYnSEBAjpaWqgQ88j3TUmZMIf6MYYXflH/oB/Y4OzUPCuTte9ndStIFXSkOt+OaWV1bX1jfJmZWt7Z3evun/wYJJMC/RFohLdDrhBJWP0SZLCdqqRR4HCVjC+nvmtR9RGJvE9TVLsRXwYy1AKTnZ0Z/pev1pz6+5cbBm8AmpQqNmvfnYHicgijEkobkzHc1Pq5VyTFAqnlW5mMOVizIfYsRjzCE0vn686ZSdhohmNkM3fv7M5j4yZRIHNRJxGZtGbDf/zOhmFF71cxmlGGAsbsV6YKUYJmzVmA6lRkJpY4EJLuyUTI665IHuXiq3vLZZdBv+sfln3bt1a46q4QxmO4BhOwYNzaMANNMEHAUN4hjd4d0LnyXlxXn+iJaf4cwh/5Hx8A2Izivg=</latexit>

For example:  |1, 1, 1, 0, 0, 0! + |0, 2, 0, 0, 1, 0!
"

2
<latexit sha1_base64="xqSGwPvECBxXriO9dk2HbVNQbdw="></latexit><latexit sha1_base64="e7qfKL1ueVFasy5saSgvC4Ra9hM="></latexit><latexit sha1_base64="e7qfKL1ueVFasy5saSgvC4Ra9hM="></latexit><latexit sha1_base64="LSzZlVhg3ACirOg+onHlFFWT1HE=">AAACLHicbZDLSsNAFIYn3q23qks3g0UQLCXpxstCBDfiqoK1haaUyfSkHZxcnDkRSswz6YO4VRARXfkcTmoWaj1n88/5/gNzfi+WQqNtv1hT0zOzc/MLi6Wl5ZXVtfL6xpWOEsWhySMZqbbHNEgRQhMFSmjHCljgSWh516c5b92C0iIKL3EUQzdgg1D4gjM0o1753PUV46krwcc76lTztvOmrhKDIR7TPVpAu0rrY+b8oFnq6huFaT3LeuWKXbPHRSeFU4gKKarRKz+6/YgnAYTIJdO649gxdlOmUHAJWclNNMSMX7MBdIwMWQC6m45vzuiOHymKQ6Dj909vygKtR4FnPAHDof7L8uF/rJOgf9BNRRgnCCE3FsP8RFKMaB4d7QsFHOXICMaVML+kfMhMfGgCLpnznb/HTopmvXZYcy7syslRkcMC2SLbZJc4ZJ+ckDPSIE3CyQN5Ju/kw7q3nqxX6+3bOmUVO5vkV1mfX9jOo8M=</latexit>



Linear Optics - Transformations

where          is the matrix obtained by taking "
 -      copies of row   from "
 -      copies of column   from

     -transition formula:  Given               unitary    , the amplitude from state "
                                     to state                                     is |S! = |s1, s2, . . . , sm !

<latexit sha1_base64="hdTPEd52wp9sXBQ2EOvslyEIM+8=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NMoUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+rYXFpeWV1cxadn1jc2vb3tm901GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa9/OfFr96C0iMJbHMTQClg3FL7gDI3UtktNCT4+0BvaVKLbw3N6RlNJt928eYp5I3Qi1JMh+Im17ZxTcKag88RNSY6kqLTtcbMT8SSAELlkWjdcJ8bWkCkUXMIo20w0xIz3WRcahoYsAN0aTguO6KEfKYo9oNP5d3bIAq0HgWcyAcOenvUm4n9eI0H/pDUUYZwghNxEjOcnkmJEJ3eiHaGAoxwYwrgS5peU95hiHM01s6a+O1t2nlSLhdOCe32cK1+kd8iQfXJAjohLSqRMrkiFVAknT+SFjMm79Wg9W6/W23d0wUp39sgfWB9fUAmerA==</latexit><latexit sha1_base64="hdTPEd52wp9sXBQ2EOvslyEIM+8=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NMoUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+rYXFpeWV1cxadn1jc2vb3tm901GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa9/OfFr96C0iMJbHMTQClg3FL7gDI3UtktNCT4+0BvaVKLbw3N6RlNJt928eYp5I3Qi1JMh+Im17ZxTcKag88RNSY6kqLTtcbMT8SSAELlkWjdcJ8bWkCkUXMIo20w0xIz3WRcahoYsAN0aTguO6KEfKYo9oNP5d3bIAq0HgWcyAcOenvUm4n9eI0H/pDUUYZwghNxEjOcnkmJEJ3eiHaGAoxwYwrgS5peU95hiHM01s6a+O1t2nlSLhdOCe32cK1+kd8iQfXJAjohLSqRMrkiFVAknT+SFjMm79Wg9W6/W23d0wUp39sgfWB9fUAmerA==</latexit><latexit sha1_base64="hdTPEd52wp9sXBQ2EOvslyEIM+8=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NMoUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+rYXFpeWV1cxadn1jc2vb3tm901GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa9/OfFr96C0iMJbHMTQClg3FL7gDI3UtktNCT4+0BvaVKLbw3N6RlNJt928eYp5I3Qi1JMh+Im17ZxTcKag88RNSY6kqLTtcbMT8SSAELlkWjdcJ8bWkCkUXMIo20w0xIz3WRcahoYsAN0aTguO6KEfKYo9oNP5d3bIAq0HgWcyAcOenvUm4n9eI0H/pDUUYZwghNxEjOcnkmJEJ3eiHaGAoxwYwrgS5peU95hiHM01s6a+O1t2nlSLhdOCe32cK1+kd8iQfXJAjohLSqRMrkiFVAknT+SFjMm79Wg9W6/W23d0wUp39sgfWB9fUAmerA==</latexit><latexit sha1_base64="hdTPEd52wp9sXBQ2EOvslyEIM+8=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NMoUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+rYXFpeWV1cxadn1jc2vb3tm901GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa9/OfFr96C0iMJbHMTQClg3FL7gDI3UtktNCT4+0BvaVKLbw3N6RlNJt928eYp5I3Qi1JMh+Im17ZxTcKag88RNSY6kqLTtcbMT8SSAELlkWjdcJ8bWkCkUXMIo20w0xIz3WRcahoYsAN0aTguO6KEfKYo9oNP5d3bIAq0HgWcyAcOenvUm4n9eI0H/pDUUYZwghNxEjOcnkmJEJ3eiHaGAoxwYwrgS5peU95hiHM01s6a+O1t2nlSLhdOCe32cK1+kd8iQfXJAjohLSqRMrkiFVAknT+SFjMm79Wg9W6/W23d0wUp39sgfWB9fUAmerA==</latexit>

|Ti = |t1, t2, . . . , tm i
<latexit sha1_base64="LvnD138YJFxDH15gAwj533X91bo=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NNAUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+raXlldW19cxGdnNre2fX3tu/01GiONR4JCPV8JgGKUKooUAJjVgBCzwJdW9wPfXr96C0iMIqDmNoB6wXCl9whkbq2KWWBB8faJW2lOj18ZJe0FTCjps3TzFvhG6EejoEP7GOnXMKzgx0kbgpyZEUlY49aXUjngQQIpdM66brxNgeMYWCSxhnW4mGmPEB60HT0JAFoNujWcExPfYjRbEPdDb/zo5YoPUw8EwmYNjX895U/M9rJuiftUcijBOEkJuI8fxEUozo9E60KxRwlENDGFfC/JLyPlOMo7lm1tR358suklqxcF5wb09z5av0DhlySI7ICXFJiZTJDamQGuHkibyQCXm3Hq1n69V6+44uWenOAfkD6+MLVmmesA==</latexit><latexit sha1_base64="LvnD138YJFxDH15gAwj533X91bo=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NNAUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+raXlldW19cxGdnNre2fX3tu/01GiONR4JCPV8JgGKUKooUAJjVgBCzwJdW9wPfXr96C0iMIqDmNoB6wXCl9whkbq2KWWBB8faJW2lOj18ZJe0FTCjps3TzFvhG6EejoEP7GOnXMKzgx0kbgpyZEUlY49aXUjngQQIpdM66brxNgeMYWCSxhnW4mGmPEB60HT0JAFoNujWcExPfYjRbEPdDb/zo5YoPUw8EwmYNjX895U/M9rJuiftUcijBOEkJuI8fxEUozo9E60KxRwlENDGFfC/JLyPlOMo7lm1tR358suklqxcF5wb09z5av0DhlySI7ICXFJiZTJDamQGuHkibyQCXm3Hq1n69V6+44uWenOAfkD6+MLVmmesA==</latexit><latexit sha1_base64="LvnD138YJFxDH15gAwj533X91bo=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NNAUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+raXlldW19cxGdnNre2fX3tu/01GiONR4JCPV8JgGKUKooUAJjVgBCzwJdW9wPfXr96C0iMIqDmNoB6wXCl9whkbq2KWWBB8faJW2lOj18ZJe0FTCjps3TzFvhG6EejoEP7GOnXMKzgx0kbgpyZEUlY49aXUjngQQIpdM66brxNgeMYWCSxhnW4mGmPEB60HT0JAFoNujWcExPfYjRbEPdDb/zo5YoPUw8EwmYNjX895U/M9rJuiftUcijBOEkJuI8fxEUozo9E60KxRwlENDGFfC/JLyPlOMo7lm1tR358suklqxcF5wb09z5av0DhlySI7ICXFJiZTJDamQGuHkibyQCXm3Hq1n69V6+44uWenOAfkD6+MLVmmesA==</latexit><latexit sha1_base64="LvnD138YJFxDH15gAwj533X91bo=">AAACGXicbVBNS0JBFJ3Xp9nXq5ZthiRoIfKeBNaikNq0NNAUVGTeeJ8Ozvtg5r5AzH9Sf6Y2EbZq1b9ptBeUdhbDueecC3OuF0uh0XE+raXlldW19cxGdnNre2fX3tu/01GiONR4JCPV8JgGKUKooUAJjVgBCzwJdW9wPfXr96C0iMIqDmNoB6wXCl9whkbq2KWWBB8faJW2lOj18ZJe0FTCjps3TzFvhG6EejoEP7GOnXMKzgx0kbgpyZEUlY49aXUjngQQIpdM66brxNgeMYWCSxhnW4mGmPEB60HT0JAFoNujWcExPfYjRbEPdDb/zo5YoPUw8EwmYNjX895U/M9rJuiftUcijBOEkJuI8fxEUozo9E60KxRwlENDGFfC/JLyPlOMo7lm1tR358suklqxcF5wb09z5av0DhlySI7ICXFJiZTJDamQGuHkibyQCXm3Hq1n69V6+44uWenOAfkD6+MLVmmesA==</latexit>

!
<latexit sha1_base64="WlYbZTXlRjbZxJcnLDJg0PsSzs0=">AAAB53icbZDNSsNAFIVv6l+tf1GXbgaL4KokIqi7ohuXFYwttKFMpjfN2MkPM5NCCX0H3YjoyvfxBXwbpzULbT2rb+45A/fcIBNcacf5siorq2vrG9XN2tb2zu6evX/woNJcMvRYKlLZCahCwRP0NNcCO5lEGgcC28HoZua3xygVT5N7PcnQj+kw4SFnVJtRuzemMot43647DWcusgxuCXUo1erbn71ByvIYE80EVarrOpn2Cyo1ZwKntV6uMKNsRIfYNZjQGJVfzNedkpMwlURHSObv39mCxkpN4sBkYqojtejNhv953VyHl37BkyzXmDATMV6YC6JTMmtNBlwi02JigDLJzZaERVRSps1taqa+u1h2GbyzxlXDvTuvN6/LO1ThCI7hFFy4gCbcQgs8YDCCZ3iDd+vRerJerNefaMUq/xzCH1kf38/CjQ8=</latexit><latexit sha1_base64="WlYbZTXlRjbZxJcnLDJg0PsSzs0=">AAAB53icbZDNSsNAFIVv6l+tf1GXbgaL4KokIqi7ohuXFYwttKFMpjfN2MkPM5NCCX0H3YjoyvfxBXwbpzULbT2rb+45A/fcIBNcacf5siorq2vrG9XN2tb2zu6evX/woNJcMvRYKlLZCahCwRP0NNcCO5lEGgcC28HoZua3xygVT5N7PcnQj+kw4SFnVJtRuzemMot43647DWcusgxuCXUo1erbn71ByvIYE80EVarrOpn2Cyo1ZwKntV6uMKNsRIfYNZjQGJVfzNedkpMwlURHSObv39mCxkpN4sBkYqojtejNhv953VyHl37BkyzXmDATMV6YC6JTMmtNBlwi02JigDLJzZaERVRSps1taqa+u1h2GbyzxlXDvTuvN6/LO1ThCI7hFFy4gCbcQgs8YDCCZ3iDd+vRerJerNefaMUq/xzCH1kf38/CjQ8=</latexit><latexit sha1_base64="WlYbZTXlRjbZxJcnLDJg0PsSzs0=">AAAB53icbZDNSsNAFIVv6l+tf1GXbgaL4KokIqi7ohuXFYwttKFMpjfN2MkPM5NCCX0H3YjoyvfxBXwbpzULbT2rb+45A/fcIBNcacf5siorq2vrG9XN2tb2zu6evX/woNJcMvRYKlLZCahCwRP0NNcCO5lEGgcC28HoZua3xygVT5N7PcnQj+kw4SFnVJtRuzemMot43647DWcusgxuCXUo1erbn71ByvIYE80EVarrOpn2Cyo1ZwKntV6uMKNsRIfYNZjQGJVfzNedkpMwlURHSObv39mCxkpN4sBkYqojtejNhv953VyHl37BkyzXmDATMV6YC6JTMmtNBlwi02JigDLJzZaERVRSps1taqa+u1h2GbyzxlXDvTuvN6/LO1ThCI7hFFy4gCbcQgs8YDCCZ3iDd+vRerJerNefaMUq/xzCH1kf38/CjQ8=</latexit><latexit sha1_base64="WlYbZTXlRjbZxJcnLDJg0PsSzs0=">AAAB53icbZDNSsNAFIVv6l+tf1GXbgaL4KokIqi7ohuXFYwttKFMpjfN2MkPM5NCCX0H3YjoyvfxBXwbpzULbT2rb+45A/fcIBNcacf5siorq2vrG9XN2tb2zu6evX/woNJcMvRYKlLZCahCwRP0NNcCO5lEGgcC28HoZua3xygVT5N7PcnQj+kw4SFnVJtRuzemMot43647DWcusgxuCXUo1erbn71ByvIYE80EVarrOpn2Cyo1ZwKntV6uMKNsRIfYNZjQGJVfzNedkpMwlURHSObv39mCxkpN4sBkYqojtejNhv953VyHl37BkyzXmDATMV6YC6JTMmtNBlwi02JigDLJzZaERVRSps1taqa+u1h2GbyzxlXDvTuvN6/LO1ThCI7hFFy4gCbcQgs8YDCCZ3iDd+vRerJerNefaMUq/xzCH1kf38/CjQ8=</latexit>

m ! m
<latexit sha1_base64="/9t6GYbifjmVgEu0yvQurxJ6qdo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxgqvBJITZyWwyZGZ2mekVwpKv0IuInvwcf8C/cRL3oIl1qu6qprs6SqWw6PtfXmlpeWV1rbxe2djc2t6p7u7d2SQzjIcskYlpRdRyKTQPUaDkrdRwqiLJ76PR1VS/f+TGikTf4jjlXUUHWsSCUXStB0U6KBS3RPWqNb/uz0AWSVCQGhRo9qqfnX7CMsU1MkmtbQd+it2cGhRM8kmlk1meUjaiA952VFO3ppvPLp6QozgxBIeczOrf3pwqa8cqch5FcWjntWnzP62dYXzezYVOM+SaOYvT4kwSTMg0OOkLwxnKsSOUGeGuJGxIDWXo3lNx8YP5sIskPKlf1IOb01rjsvhDGQ7gEI4hgDNowDU0IQQGGp7hDd495T15L97rj7XkFTP78AfexzdMko3X</latexit><latexit sha1_base64="/9t6GYbifjmVgEu0yvQurxJ6qdo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxgqvBJITZyWwyZGZ2mekVwpKv0IuInvwcf8C/cRL3oIl1qu6qprs6SqWw6PtfXmlpeWV1rbxe2djc2t6p7u7d2SQzjIcskYlpRdRyKTQPUaDkrdRwqiLJ76PR1VS/f+TGikTf4jjlXUUHWsSCUXStB0U6KBS3RPWqNb/uz0AWSVCQGhRo9qqfnX7CMsU1MkmtbQd+it2cGhRM8kmlk1meUjaiA952VFO3ppvPLp6QozgxBIeczOrf3pwqa8cqch5FcWjntWnzP62dYXzezYVOM+SaOYvT4kwSTMg0OOkLwxnKsSOUGeGuJGxIDWXo3lNx8YP5sIskPKlf1IOb01rjsvhDGQ7gEI4hgDNowDU0IQQGGp7hDd495T15L97rj7XkFTP78AfexzdMko3X</latexit><latexit sha1_base64="/9t6GYbifjmVgEu0yvQurxJ6qdo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxgqvBJITZyWwyZGZ2mekVwpKv0IuInvwcf8C/cRL3oIl1qu6qprs6SqWw6PtfXmlpeWV1rbxe2djc2t6p7u7d2SQzjIcskYlpRdRyKTQPUaDkrdRwqiLJ76PR1VS/f+TGikTf4jjlXUUHWsSCUXStB0U6KBS3RPWqNb/uz0AWSVCQGhRo9qqfnX7CMsU1MkmtbQd+it2cGhRM8kmlk1meUjaiA952VFO3ppvPLp6QozgxBIeczOrf3pwqa8cqch5FcWjntWnzP62dYXzezYVOM+SaOYvT4kwSTMg0OOkLwxnKsSOUGeGuJGxIDWXo3lNx8YP5sIskPKlf1IOb01rjsvhDGQ7gEI4hgDNowDU0IQQGGp7hDd495T15L97rj7XkFTP78AfexzdMko3X</latexit><latexit sha1_base64="/9t6GYbifjmVgEu0yvQurxJ6qdo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxgqvBJITZyWwyZGZ2mekVwpKv0IuInvwcf8C/cRL3oIl1qu6qprs6SqWw6PtfXmlpeWV1rbxe2djc2t6p7u7d2SQzjIcskYlpRdRyKTQPUaDkrdRwqiLJ76PR1VS/f+TGikTf4jjlXUUHWsSCUXStB0U6KBS3RPWqNb/uz0AWSVCQGhRo9qqfnX7CMsU1MkmtbQd+it2cGhRM8kmlk1meUjaiA952VFO3ppvPLp6QozgxBIeczOrf3pwqa8cqch5FcWjntWnzP62dYXzezYVOM+SaOYvT4kwSTMg0OOkLwxnKsSOUGeGuJGxIDWXo3lNx8YP5sIskPKlf1IOb01rjsvhDGQ7gEI4hgDNowDU0IQQGGp7hDd495T15L97rj7XkFTP78AfexzdMko3X</latexit> L<latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit>

!T | ! (L ) |S" =
per(LS,T )#

s1!s2! . . . sm!t1!t2! . . . tm!
<latexit sha1_base64="p4YVDp52fBib5fO6IcGwtsjPiOw="></latexit><latexit sha1_base64="p4YVDp52fBib5fO6IcGwtsjPiOw="></latexit><latexit sha1_base64="p4YVDp52fBib5fO6IcGwtsjPiOw="></latexit><latexit sha1_base64="p4YVDp52fBib5fO6IcGwtsjPiOw="></latexit>

L S,T
<latexit sha1_base64="MU5bcgRST+DOfRgcH5EGSnf7zp0=">AAAB53icbZC7TgJBFIbP4g3xhlraTCQmFobsGhIvFYmNhQVGVkhgQ2aHszAye8nMrAnZ8A7aGKOV7+ML+DYOuIWCf/XN+f9Jzn/8RHClbfvLKiwtr6yuFddLG5tb2zvl3b17FaeSoctiEcu2TxUKHqGruRbYTiTS0BfY8kdXU7/1iFLxOGrqcYJeSAcRDzij2oxaN73s7qQ56ZUrdtWeiSyCk0MFcjV65c9uP2ZpiJFmgirVcexEexmVmjOBk1I3VZhQNqID7BiMaIjKy2brTshREEuih0hm79/ZjIZKjUPfZEKqh2remw7/8zqpDs69jEdJqjFiJmK8IBVEx2TamvS5RKbF2ABlkpstCRtSSZk2tymZ+s582UVwT6sXVee2Vqlf5ncowgEcwjE4cAZ1uIYGuMBgBM/wBu/Wg/VkvVivP9GClf/Zhz+yPr4BJUaMlw==</latexit><latexit sha1_base64="MU5bcgRST+DOfRgcH5EGSnf7zp0=">AAAB53icbZC7TgJBFIbP4g3xhlraTCQmFobsGhIvFYmNhQVGVkhgQ2aHszAye8nMrAnZ8A7aGKOV7+ML+DYOuIWCf/XN+f9Jzn/8RHClbfvLKiwtr6yuFddLG5tb2zvl3b17FaeSoctiEcu2TxUKHqGruRbYTiTS0BfY8kdXU7/1iFLxOGrqcYJeSAcRDzij2oxaN73s7qQ56ZUrdtWeiSyCk0MFcjV65c9uP2ZpiJFmgirVcexEexmVmjOBk1I3VZhQNqID7BiMaIjKy2brTshREEuih0hm79/ZjIZKjUPfZEKqh2remw7/8zqpDs69jEdJqjFiJmK8IBVEx2TamvS5RKbF2ABlkpstCRtSSZk2tymZ+s582UVwT6sXVee2Vqlf5ncowgEcwjE4cAZ1uIYGuMBgBM/wBu/Wg/VkvVivP9GClf/Zhz+yPr4BJUaMlw==</latexit><latexit sha1_base64="MU5bcgRST+DOfRgcH5EGSnf7zp0=">AAAB53icbZC7TgJBFIbP4g3xhlraTCQmFobsGhIvFYmNhQVGVkhgQ2aHszAye8nMrAnZ8A7aGKOV7+ML+DYOuIWCf/XN+f9Jzn/8RHClbfvLKiwtr6yuFddLG5tb2zvl3b17FaeSoctiEcu2TxUKHqGruRbYTiTS0BfY8kdXU7/1iFLxOGrqcYJeSAcRDzij2oxaN73s7qQ56ZUrdtWeiSyCk0MFcjV65c9uP2ZpiJFmgirVcexEexmVmjOBk1I3VZhQNqID7BiMaIjKy2brTshREEuih0hm79/ZjIZKjUPfZEKqh2remw7/8zqpDs69jEdJqjFiJmK8IBVEx2TamvS5RKbF2ABlkpstCRtSSZk2tymZ+s582UVwT6sXVee2Vqlf5ncowgEcwjE4cAZ1uIYGuMBgBM/wBu/Wg/VkvVivP9GClf/Zhz+yPr4BJUaMlw==</latexit><latexit sha1_base64="MU5bcgRST+DOfRgcH5EGSnf7zp0=">AAAB53icbZC7TgJBFIbP4g3xhlraTCQmFobsGhIvFYmNhQVGVkhgQ2aHszAye8nMrAnZ8A7aGKOV7+ML+DYOuIWCf/XN+f9Jzn/8RHClbfvLKiwtr6yuFddLG5tb2zvl3b17FaeSoctiEcu2TxUKHqGruRbYTiTS0BfY8kdXU7/1iFLxOGrqcYJeSAcRDzij2oxaN73s7qQ56ZUrdtWeiSyCk0MFcjV65c9uP2ZpiJFmgirVcexEexmVmjOBk1I3VZhQNqID7BiMaIjKy2brTshREEuih0hm79/ZjIZKjUPfZEKqh2remw7/8zqpDs69jEdJqjFiJmK8IBVEx2TamvS5RKbF2ABlkpstCRtSSZk2tymZ+s582UVwT6sXVee2Vqlf5ncowgEcwjE4cAZ1uIYGuMBgBM/wBu/Wg/VkvVivP9GClf/Zhz+yPr4BJUaMlw==</latexit>

si
<latexit sha1_base64="Ba8bcoM2SRxAJEUQrxr/9bPMOk8=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzozvRkr1J1a+5MbBG8AqpQqNGrfHb6icgijEkobkzbc1Pq5lyTFAon5U5mMOVixAfYthjzCE03n606YcdhohkNkc3ev7M5j4wZR4HNRJyGZt6bDv/z2hmFF91cxmlGGAsbsV6YKUYJmzZmfalRkBpb4EJLuyUTQ665IHuXsq3vzZddBP+0dlnzbs+q9aviDiU4hCM4AQ/OoQ430AAfBAzgGd7g3QmdJ+fFef2JLjnFnwP4I+fjG7bLizQ=</latexit><latexit sha1_base64="Ba8bcoM2SRxAJEUQrxr/9bPMOk8=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzozvRkr1J1a+5MbBG8AqpQqNGrfHb6icgijEkobkzbc1Pq5lyTFAon5U5mMOVixAfYthjzCE03n606YcdhohkNkc3ev7M5j4wZR4HNRJyGZt6bDv/z2hmFF91cxmlGGAsbsV6YKUYJmzZmfalRkBpb4EJLuyUTQ665IHuXsq3vzZddBP+0dlnzbs+q9aviDiU4hCM4AQ/OoQ430AAfBAzgGd7g3QmdJ+fFef2JLjnFnwP4I+fjG7bLizQ=</latexit><latexit sha1_base64="Ba8bcoM2SRxAJEUQrxr/9bPMOk8=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzozvRkr1J1a+5MbBG8AqpQqNGrfHb6icgijEkobkzbc1Pq5lyTFAon5U5mMOVixAfYthjzCE03n606YcdhohkNkc3ev7M5j4wZR4HNRJyGZt6bDv/z2hmFF91cxmlGGAsbsV6YKUYJmzZmfalRkBpb4EJLuyUTQ665IHuXsq3vzZddBP+0dlnzbs+q9aviDiU4hCM4AQ/OoQ430AAfBAzgGd7g3QmdJ+fFef2JLjnFnwP4I+fjG7bLizQ=</latexit><latexit sha1_base64="Ba8bcoM2SRxAJEUQrxr/9bPMOk8=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzozvRkr1J1a+5MbBG8AqpQqNGrfHb6icgijEkobkzbc1Pq5lyTFAon5U5mMOVixAfYthjzCE03n606YcdhohkNkc3ev7M5j4wZR4HNRJyGZt6bDv/z2hmFF91cxmlGGAsbsV6YKUYJmzZmfalRkBpb4EJLuyUTQ665IHuXsq3vzZddBP+0dlnzbs+q9aviDiU4hCM4AQ/OoQ430AAfBAzgGd7g3QmdJ+fFef2JLjnFnwP4I+fjG7bLizQ=</latexit>

t i
<latexit sha1_base64="sRFfSi7TQQE4uQICk6vmOzJyii0=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzojnqyV6m6NXcmtgheAVUo1OhVPjv9RGQRxiQUN6btuSl1c65JCoWTciczmHIx4gNsW4x5hKabz1adsOMw0YyGyGbv39mcR8aMo8BmIk5DM+9Nh/957YzCi24u4zQjjIWNWC/MFKOETRuzvtQoSI0tcKGl3ZKJIddckL1L2db35ssugn9au6x5t2fV+lVxhxIcwhGcgAfnUIcbaIAPAgbwDG/w7oTOk/PivP5El5zizwH8kfPxDbhKizU=</latexit><latexit sha1_base64="sRFfSi7TQQE4uQICk6vmOzJyii0=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzojnqyV6m6NXcmtgheAVUo1OhVPjv9RGQRxiQUN6btuSl1c65JCoWTciczmHIx4gNsW4x5hKabz1adsOMw0YyGyGbv39mcR8aMo8BmIk5DM+9Nh/957YzCi24u4zQjjIWNWC/MFKOETRuzvtQoSI0tcKGl3ZKJIddckL1L2db35ssugn9au6x5t2fV+lVxhxIcwhGcgAfnUIcbaIAPAgbwDG/w7oTOk/PivP5El5zizwH8kfPxDbhKizU=</latexit><latexit sha1_base64="sRFfSi7TQQE4uQICk6vmOzJyii0=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzojnqyV6m6NXcmtgheAVUo1OhVPjv9RGQRxiQUN6btuSl1c65JCoWTciczmHIx4gNsW4x5hKabz1adsOMw0YyGyGbv39mcR8aMo8BmIk5DM+9Nh/957YzCi24u4zQjjIWNWC/MFKOETRuzvtQoSI0tcKGl3ZKJIddckL1L2db35ssugn9au6x5t2fV+lVxhxIcwhGcgAfnUIcbaIAPAgbwDG/w7oTOk/PivP5El5zizwH8kfPxDbhKizU=</latexit><latexit sha1_base64="sRFfSi7TQQE4uQICk6vmOzJyii0=">AAAB43icbZDLSgNBEEVrfMb4irp00xgEV2FGBB+rgBuXER0TSELo6dQkTXoedNcIYcgf6EZEV/6RP+Df2Imz0MS7Ol33NtStIFXSkOt+OUvLK6tr66WN8ubW9s5uZW//wSSZFuiLRCW6FXCDSsbokySFrVQjjwKFzWB0PfWbj6iNTOJ7GqfYjfgglqEUnOzojnqyV6m6NXcmtgheAVUo1OhVPjv9RGQRxiQUN6btuSl1c65JCoWTciczmHIx4gNsW4x5hKabz1adsOMw0YyGyGbv39mcR8aMo8BmIk5DM+9Nh/957YzCi24u4zQjjIWNWC/MFKOETRuzvtQoSI0tcKGl3ZKJIddckL1L2db35ssugn9au6x5t2fV+lVxhxIcwhGcgAfnUIcbaIAPAgbwDG/w7oTOk/PivP5El5zizwH8kfPxDbhKizU=</latexit>

i
<latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit><latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit><latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit><latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit>

i
<latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit><latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit><latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit><latexit sha1_base64="rYVUd8uug10tYHWeSAZYzLe7p8U=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRS/arNbfuLsT+gldADQo1+9WP3iAVeYwJCcWN6XpuRsGUa5JC4azSyw1mXIz5ELsWEx6jCaaLRWfsJEo1oxGyxftndspjYyZxaDMxp5FZ9ubD/7xuTtFlMJVJlhMmwkasF+WKUcrmfdlAahSkJha40NJuycSIay7IXqVi63vLZf+Cf1a/qnut81rjurhDGY7gGE7BgwtowC00wQcBCE/wCm/OwHl0np2X72jJKf4cwi85718zMYpO</latexit>

L<latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit>

L<latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit><latexit sha1_base64="7xql8pbozUU72LDwmS75s1NDPi8=">AAAB4nicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCF5WBTcuXFQxttCGMpmetEMnF2YmQgl9At2I6MpH8gV8Gyc1C239V9+c/x84/wlSwZV2nC+rsrS8srpWXa9tbG5t79i7ew8qySRDjyUikZ2AKhQ8Rk9zLbCTSqRRILAdjK8Kv/2IUvEkvteTFP2IDmMecka1Gd3d1Pp23Wk4M5FFcEuoQ6lW3/7sDRKWRRhrJqhSXddJtZ9TqTkTOK31MoUpZWM6xK7BmEao/Hy26ZQchYkkeoRk9v6dzWmk1CQKTCaieqTmvWL4n9fNdHju5zxOM40xMxHjhZkgOiFFYTLgEpkWEwOUSW62JGxEJWXanKWo786XXQTvpHHRcG9P683L8g5VOIBDOAYXzqAJ19ACDxiE8Axv8G6h9WS9WK8/0YpV/tmHP7I+vgE8E4pF</latexit>

Observation:  If                                     , then                                     .|S! = |T! = |1, . . . , 1!
<latexit sha1_base64="3zGQOfwR7qzqs2KIw3pFD+S0hgc=">AAACI3icbVBbSwJBGJ3tanbb6rGXIQl6ENmNoAsURi89GmkKKjI7fquDsxdmvg3E/Dv1Z+wlouih/9JoG5R2ns6ccwa+c7xYCo2O82HNzS8sLi1nVrKra+sbm/bW9p2OEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6vauxX70HpUUUlrEfQzNgnVD4gjM0Usu+bEjw8YHe0oYSnS5e0HOaSuVZyc0b1o5Q56n747bsnFNwJqCzxE1JjqQotexRox3xJIAQuWRa110nxuaAKRRcwjDbSDTEjPdYB+qGhiwA3RxMqg7pvh8pil2gk/fv7IAFWvcDz2QChl097Y3F/7x6gv5JcyDCOEEIuYkYz08kxYiOF6NtoYCj7BvCuBLmSsq7TDGOZtesqe9Ol50llcPCacG9OcoVz9IdMmSX7JED4pJjUiTXpEQqhJMn8kzeyLv1aI2sF+v1OzpnpX92yB9Yn18uq6Ik</latexit><latexit sha1_base64="3zGQOfwR7qzqs2KIw3pFD+S0hgc=">AAACI3icbVBbSwJBGJ3tanbb6rGXIQl6ENmNoAsURi89GmkKKjI7fquDsxdmvg3E/Dv1Z+wlouih/9JoG5R2ns6ccwa+c7xYCo2O82HNzS8sLi1nVrKra+sbm/bW9p2OEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6vauxX70HpUUUlrEfQzNgnVD4gjM0Usu+bEjw8YHe0oYSnS5e0HOaSuVZyc0b1o5Q56n747bsnFNwJqCzxE1JjqQotexRox3xJIAQuWRa110nxuaAKRRcwjDbSDTEjPdYB+qGhiwA3RxMqg7pvh8pil2gk/fv7IAFWvcDz2QChl097Y3F/7x6gv5JcyDCOEEIuYkYz08kxYiOF6NtoYCj7BvCuBLmSsq7TDGOZtesqe9Ol50llcPCacG9OcoVz9IdMmSX7JED4pJjUiTXpEQqhJMn8kzeyLv1aI2sF+v1OzpnpX92yB9Yn18uq6Ik</latexit><latexit sha1_base64="3zGQOfwR7qzqs2KIw3pFD+S0hgc=">AAACI3icbVBbSwJBGJ3tanbb6rGXIQl6ENmNoAsURi89GmkKKjI7fquDsxdmvg3E/Dv1Z+wlouih/9JoG5R2ns6ccwa+c7xYCo2O82HNzS8sLi1nVrKra+sbm/bW9p2OEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6vauxX70HpUUUlrEfQzNgnVD4gjM0Usu+bEjw8YHe0oYSnS5e0HOaSuVZyc0b1o5Q56n747bsnFNwJqCzxE1JjqQotexRox3xJIAQuWRa110nxuaAKRRcwjDbSDTEjPdYB+qGhiwA3RxMqg7pvh8pil2gk/fv7IAFWvcDz2QChl097Y3F/7x6gv5JcyDCOEEIuYkYz08kxYiOF6NtoYCj7BvCuBLmSsq7TDGOZtesqe9Ol50llcPCacG9OcoVz9IdMmSX7JED4pJjUiTXpEQqhJMn8kzeyLv1aI2sF+v1OzpnpX92yB9Yn18uq6Ik</latexit><latexit sha1_base64="3zGQOfwR7qzqs2KIw3pFD+S0hgc=">AAACI3icbVBbSwJBGJ3tanbb6rGXIQl6ENmNoAsURi89GmkKKjI7fquDsxdmvg3E/Dv1Z+wlouih/9JoG5R2ns6ccwa+c7xYCo2O82HNzS8sLi1nVrKra+sbm/bW9p2OEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6vauxX70HpUUUlrEfQzNgnVD4gjM0Usu+bEjw8YHe0oYSnS5e0HOaSuVZyc0b1o5Q56n747bsnFNwJqCzxE1JjqQotexRox3xJIAQuWRa110nxuaAKRRcwjDbSDTEjPdYB+qGhiwA3RxMqg7pvh8pil2gk/fv7IAFWvcDz2QChl097Y3F/7x6gv5JcyDCOEEIuYkYz08kxYiOF6NtoYCj7BvCuBLmSsq7TDGOZtesqe9Ol50llcPCacG9OcoVz9IdMmSX7JED4pJjUiTXpEQqhJMn8kzeyLv1aI2sF+v1OzpnpX92yB9Yn18uq6Ik</latexit>

!T | ! (L ) |S" = per( L )
<latexit sha1_base64="OVj0wCu2SPxCeuPJrD9hu6ouaUM=">AAACHnicbZBLSwMxFIUzvq2vqks3wSLopsyI4AMVwY0LFxVbW+iUkknvdIKZB8kdsYz9MfpndKGIrvTfmNZZaPWuTu53AvccL5FCo21/WmPjE5NT0zOzhbn5hcWl4vLKlY5TxaHGYxmrhsc0SBFBDQVKaCQKWOhJqHvXpwNevwGlRRxVsZdAK2TdSPiCMzSrdvHQleDjIa1SV4lugHfUvWEqCcTm+RYdsjt6mbNjekRdhFvMElB9Y2gXS3bZHg79K5xclEg+lXbx2e3EPA0hQi6Z1k3HTrCVMYWCS+gX3FRDwvg160LTyIiFoFvZMGWfbvixohgAHb5/ejMWat0LPeMJGQZ6lA2W/7Fmiv5eKxNRkiJE3FgM81NJMaaDsmhHKOAoe0YwroS5kvKAKcbRVFow8Z3RsH9Fbbu8X3YudkonB3kPM2SNrJNN4pBdckLOSIXUCCcP5Im8kXfr3nq0XqzXb+uYlf9ZJb/G+vgCEEChPA==</latexit><latexit sha1_base64="OVj0wCu2SPxCeuPJrD9hu6ouaUM=">AAACHnicbZBLSwMxFIUzvq2vqks3wSLopsyI4AMVwY0LFxVbW+iUkknvdIKZB8kdsYz9MfpndKGIrvTfmNZZaPWuTu53AvccL5FCo21/WmPjE5NT0zOzhbn5hcWl4vLKlY5TxaHGYxmrhsc0SBFBDQVKaCQKWOhJqHvXpwNevwGlRRxVsZdAK2TdSPiCMzSrdvHQleDjIa1SV4lugHfUvWEqCcTm+RYdsjt6mbNjekRdhFvMElB9Y2gXS3bZHg79K5xclEg+lXbx2e3EPA0hQi6Z1k3HTrCVMYWCS+gX3FRDwvg160LTyIiFoFvZMGWfbvixohgAHb5/ejMWat0LPeMJGQZ6lA2W/7Fmiv5eKxNRkiJE3FgM81NJMaaDsmhHKOAoe0YwroS5kvKAKcbRVFow8Z3RsH9Fbbu8X3YudkonB3kPM2SNrJNN4pBdckLOSIXUCCcP5Im8kXfr3nq0XqzXb+uYlf9ZJb/G+vgCEEChPA==</latexit><latexit sha1_base64="OVj0wCu2SPxCeuPJrD9hu6ouaUM=">AAACHnicbZBLSwMxFIUzvq2vqks3wSLopsyI4AMVwY0LFxVbW+iUkknvdIKZB8kdsYz9MfpndKGIrvTfmNZZaPWuTu53AvccL5FCo21/WmPjE5NT0zOzhbn5hcWl4vLKlY5TxaHGYxmrhsc0SBFBDQVKaCQKWOhJqHvXpwNevwGlRRxVsZdAK2TdSPiCMzSrdvHQleDjIa1SV4lugHfUvWEqCcTm+RYdsjt6mbNjekRdhFvMElB9Y2gXS3bZHg79K5xclEg+lXbx2e3EPA0hQi6Z1k3HTrCVMYWCS+gX3FRDwvg160LTyIiFoFvZMGWfbvixohgAHb5/ejMWat0LPeMJGQZ6lA2W/7Fmiv5eKxNRkiJE3FgM81NJMaaDsmhHKOAoe0YwroS5kvKAKcbRVFow8Z3RsH9Fbbu8X3YudkonB3kPM2SNrJNN4pBdckLOSIXUCCcP5Im8kXfr3nq0XqzXb+uYlf9ZJb/G+vgCEEChPA==</latexit><latexit sha1_base64="OVj0wCu2SPxCeuPJrD9hu6ouaUM=">AAACHnicbZBLSwMxFIUzvq2vqks3wSLopsyI4AMVwY0LFxVbW+iUkknvdIKZB8kdsYz9MfpndKGIrvTfmNZZaPWuTu53AvccL5FCo21/WmPjE5NT0zOzhbn5hcWl4vLKlY5TxaHGYxmrhsc0SBFBDQVKaCQKWOhJqHvXpwNevwGlRRxVsZdAK2TdSPiCMzSrdvHQleDjIa1SV4lugHfUvWEqCcTm+RYdsjt6mbNjekRdhFvMElB9Y2gXS3bZHg79K5xclEg+lXbx2e3EPA0hQi6Z1k3HTrCVMYWCS+gX3FRDwvg160LTyIiFoFvZMGWfbvixohgAHb5/ejMWat0LPeMJGQZ6lA2W/7Fmiv5eKxNRkiJE3FgM81NJMaaDsmhHKOAoe0YwroS5kvKAKcbRVFow8Z3RsH9Fbbu8X3YudkonB3kPM2SNrJNN4pBdckLOSIXUCCcP5Im8kXfr3nq0XqzXb+uYlf9ZJb/G+vgCEEChPA==</latexit>

Idea:   Linear optical transformation is speciÞed by its action on a single photon.  
Apply homomorphism to lift to entire Hilbert space for multiple photons.

L =
1

!
2

!
1 1
1 " 1

"

<latexit sha1_base64="TMjfF+UT8/aSsltBIL249ZzLRGs="></latexit><latexit sha1_base64="TMjfF+UT8/aSsltBIL249ZzLRGs="></latexit><latexit sha1_base64="TMjfF+UT8/aSsltBIL249ZzLRGs="></latexit><latexit sha1_base64="TMjfF+UT8/aSsltBIL249ZzLRGs="></latexit>

Example:  

L S,T =
1

!
2

!
1 1
1 1

"

<latexit sha1_base64="b+piji/XCulkLT8voqrKmzx9SP4="></latexit><latexit sha1_base64="b+piji/XCulkLT8voqrKmzx9SP4="></latexit><latexit sha1_base64="b+piji/XCulkLT8voqrKmzx9SP4="></latexit><latexit sha1_base64="b+piji/XCulkLT8voqrKmzx9SP4="></latexit>

! 2, 0| ! (L ) |1, 1" =
1

#
2

<latexit sha1_base64="GiNI0x9/iYY9xWIe7hQjJ4SP3CE="></latexit><latexit sha1_base64="GiNI0x9/iYY9xWIe7hQjJ4SP3CE="></latexit><latexit sha1_base64="GiNI0x9/iYY9xWIe7hQjJ4SP3CE="></latexit><latexit sha1_base64="GiNI0x9/iYY9xWIe7hQjJ4SP3CE="></latexit>

|S! = |1, 1!
<latexit sha1_base64="OhYbbbWN2jkxXvrJ5YP5JPPdu9k=">AAACCHicbVDJSgNBFOxxjXGLevTSGBQPEmZEcAEl4MVjRMcEMiH0dN4kTXoWut8IIeYL9Gf0IqInz/6Af2MnjqCJdaquqoZX5SdSaLTtT2tqemZ2bj63kF9cWl5ZLayt3+g4VRxcHstY1XymQYoIXBQooZYoYKEvoep3z4d+9RaUFnF0jb0EGiFrRyIQnKGRmoUdT0KAd/SKekq0O3hGT2kmOXvU+VGbhaJdskegk8TJSJFkqDQLH14r5mkIEXLJtK47doKNPlMouIRB3ks1JIx3WRvqhkYsBN3oj/oM6HYQK4odoKP372yfhVr3Qt9kQoYdPe4Nxf+8eorBUaMvoiRFiLiJGC9IJcWYDmehLaGAo+wZwrgS5krKO0wxjma8vKnvjJedJO5+6bjkXB4UyyfZDjmySbbILnHIISmTC1IhLuHkgTyRV/Jm3VuP1rP18h2dsrI/G+QPrPcv4UaX/A==</latexit><latexit sha1_base64="OhYbbbWN2jkxXvrJ5YP5JPPdu9k=">AAACCHicbVDJSgNBFOxxjXGLevTSGBQPEmZEcAEl4MVjRMcEMiH0dN4kTXoWut8IIeYL9Gf0IqInz/6Af2MnjqCJdaquqoZX5SdSaLTtT2tqemZ2bj63kF9cWl5ZLayt3+g4VRxcHstY1XymQYoIXBQooZYoYKEvoep3z4d+9RaUFnF0jb0EGiFrRyIQnKGRmoUdT0KAd/SKekq0O3hGT2kmOXvU+VGbhaJdskegk8TJSJFkqDQLH14r5mkIEXLJtK47doKNPlMouIRB3ks1JIx3WRvqhkYsBN3oj/oM6HYQK4odoKP372yfhVr3Qt9kQoYdPe4Nxf+8eorBUaMvoiRFiLiJGC9IJcWYDmehLaGAo+wZwrgS5krKO0wxjma8vKnvjJedJO5+6bjkXB4UyyfZDjmySbbILnHIISmTC1IhLuHkgTyRV/Jm3VuP1rP18h2dsrI/G+QPrPcv4UaX/A==</latexit><latexit sha1_base64="OhYbbbWN2jkxXvrJ5YP5JPPdu9k=">AAACCHicbVDJSgNBFOxxjXGLevTSGBQPEmZEcAEl4MVjRMcEMiH0dN4kTXoWut8IIeYL9Gf0IqInz/6Af2MnjqCJdaquqoZX5SdSaLTtT2tqemZ2bj63kF9cWl5ZLayt3+g4VRxcHstY1XymQYoIXBQooZYoYKEvoep3z4d+9RaUFnF0jb0EGiFrRyIQnKGRmoUdT0KAd/SKekq0O3hGT2kmOXvU+VGbhaJdskegk8TJSJFkqDQLH14r5mkIEXLJtK47doKNPlMouIRB3ks1JIx3WRvqhkYsBN3oj/oM6HYQK4odoKP372yfhVr3Qt9kQoYdPe4Nxf+8eorBUaMvoiRFiLiJGC9IJcWYDmehLaGAo+wZwrgS5krKO0wxjma8vKnvjJedJO5+6bjkXB4UyyfZDjmySbbILnHIISmTC1IhLuHkgTyRV/Jm3VuP1rP18h2dsrI/G+QPrPcv4UaX/A==</latexit><latexit sha1_base64="OhYbbbWN2jkxXvrJ5YP5JPPdu9k=">AAACCHicbVDJSgNBFOxxjXGLevTSGBQPEmZEcAEl4MVjRMcEMiH0dN4kTXoWut8IIeYL9Gf0IqInz/6Af2MnjqCJdaquqoZX5SdSaLTtT2tqemZ2bj63kF9cWl5ZLayt3+g4VRxcHstY1XymQYoIXBQooZYoYKEvoep3z4d+9RaUFnF0jb0EGiFrRyIQnKGRmoUdT0KAd/SKekq0O3hGT2kmOXvU+VGbhaJdskegk8TJSJFkqDQLH14r5mkIEXLJtK47doKNPlMouIRB3ks1JIx3WRvqhkYsBN3oj/oM6HYQK4odoKP372yfhVr3Qt9kQoYdPe4Nxf+8eorBUaMvoiRFiLiJGC9IJcWYDmehLaGAo+wZwrgS5krKO0wxjma8vKnvjJedJO5+6bjkXB4UyyfZDjmySbbILnHIISmTC1IhLuHkgTyRV/Jm3VuP1rP18h2dsrI/G+QPrPcv4UaX/A==</latexit>

|T ! = |2, 0!
<latexit sha1_base64="QOVmkus4T5zN9HdBdydVxhKDjTE=">AAACCHicbVDJSgNBFOyJW4zbqEcvjUHxIGEmCC6gBLx4jJCYQBJCT+dN0qRnofuNEGK+QH9GLyJ68uwP+Dd24giaWKfqqmp4VV4shUbH+bQyc/MLi0vZ5dzK6tr6hr25daOjRHGo8khGqu4xDVKEUEWBEuqxAhZ4Empe/3Ls125BaRGFFRzE0ApYNxS+4AyN1Lb3mxJ8vKMV2lSi28MLek5TqXhInR+1beedgjMBnSVuSvIkRbltfzQ7EU8CCJFLpnXDdWJsDZlCwSWMcs1EQ8x4n3WhYWjIAtCt4aTPiO75kaLYAzp5/84OWaD1IPBMJmDY09PeWPzPayTon7SGIowThJCbiPH8RFKM6HgW2hEKOMqBIYwrYa6kvMcU42jGy5n67nTZWVItFk4L7vVRvnSW7pAlO2SXHBCXHJMSuSJlUiWcPJAn8krerHvr0Xq2Xr6jGSv9s03+wHr/AuLkl/0=</latexit><latexit sha1_base64="QOVmkus4T5zN9HdBdydVxhKDjTE=">AAACCHicbVDJSgNBFOyJW4zbqEcvjUHxIGEmCC6gBLx4jJCYQBJCT+dN0qRnofuNEGK+QH9GLyJ68uwP+Dd24giaWKfqqmp4VV4shUbH+bQyc/MLi0vZ5dzK6tr6hr25daOjRHGo8khGqu4xDVKEUEWBEuqxAhZ4Empe/3Ls125BaRGFFRzE0ApYNxS+4AyN1Lb3mxJ8vKMV2lSi28MLek5TqXhInR+1beedgjMBnSVuSvIkRbltfzQ7EU8CCJFLpnXDdWJsDZlCwSWMcs1EQ8x4n3WhYWjIAtCt4aTPiO75kaLYAzp5/84OWaD1IPBMJmDY09PeWPzPayTon7SGIowThJCbiPH8RFKM6HgW2hEKOMqBIYwrYa6kvMcU42jGy5n67nTZWVItFk4L7vVRvnSW7pAlO2SXHBCXHJMSuSJlUiWcPJAn8krerHvr0Xq2Xr6jGSv9s03+wHr/AuLkl/0=</latexit><latexit sha1_base64="QOVmkus4T5zN9HdBdydVxhKDjTE=">AAACCHicbVDJSgNBFOyJW4zbqEcvjUHxIGEmCC6gBLx4jJCYQBJCT+dN0qRnofuNEGK+QH9GLyJ68uwP+Dd24giaWKfqqmp4VV4shUbH+bQyc/MLi0vZ5dzK6tr6hr25daOjRHGo8khGqu4xDVKEUEWBEuqxAhZ4Empe/3Ls125BaRGFFRzE0ApYNxS+4AyN1Lb3mxJ8vKMV2lSi28MLek5TqXhInR+1beedgjMBnSVuSvIkRbltfzQ7EU8CCJFLpnXDdWJsDZlCwSWMcs1EQ8x4n3WhYWjIAtCt4aTPiO75kaLYAzp5/84OWaD1IPBMJmDY09PeWPzPayTon7SGIowThJCbiPH8RFKM6HgW2hEKOMqBIYwrYa6kvMcU42jGy5n67nTZWVItFk4L7vVRvnSW7pAlO2SXHBCXHJMSuSJlUiWcPJAn8krerHvr0Xq2Xr6jGSv9s03+wHr/AuLkl/0=</latexit><latexit sha1_base64="QOVmkus4T5zN9HdBdydVxhKDjTE=">AAACCHicbVDJSgNBFOyJW4zbqEcvjUHxIGEmCC6gBLx4jJCYQBJCT+dN0qRnofuNEGK+QH9GLyJ68uwP+Dd24giaWKfqqmp4VV4shUbH+bQyc/MLi0vZ5dzK6tr6hr25daOjRHGo8khGqu4xDVKEUEWBEuqxAhZ4Empe/3Ls125BaRGFFRzE0ApYNxS+4AyN1Lb3mxJ8vKMV2lSi28MLek5TqXhInR+1beedgjMBnSVuSvIkRbltfzQ7EU8CCJFLpnXDdWJsDZlCwSWMcs1EQ8x4n3WhYWjIAtCt4aTPiO75kaLYAzp5/84OWaD1IPBMJmDY09PeWPzPayTon7SGIowThJCbiPH8RFKM6HgW2hEKOMqBIYwrYa6kvMcU42jGy5n67nTZWVItFk4L7vVRvnSW7pAlO2SXHBCXHJMSuSJlUiWcPJAn8krerHvr0Xq2Xr6jGSv9s03+wHr/AuLkl/0=</latexit>



Outline of #P-hardness proof

Input:  Given polynomially sized circuit "
Output:   Number of satisfying assignments minus unsatisfying assignments to

C : { 0, 1} n ! { 0, 1}
<latexit sha1_base64="0kbyaXTg8Dcnj4NxKPMtcEsSkdM=">AAACA3icbVA7T8MwGPxSXqW8AmywGAoSA6oSFqBTpS6MRSK0UhMqx3Vaq85DtgOqoo7An4EFIZj4B/wB/g3uAwlabjrfnaXvzk84k8qyvozc3PzC4lJ+ubCyura+YW5uXcs4FYQ6JOaxaPhYUs4i6iimOG0kguLQ57Tu96pDv35LhWRxdKX6CfVC3IlYwAhWWmqZe1VURm5mHdvu4CZCrmCdrsJCxHc/asssWiVrBDRL7AkpVnbuD0Cj1jI/3XZM0pBGinAsZdO2EuVlWChGOB0U3FTSBJMe7tCmphEOqfSyUZUBOgxigVSXotH7dzbDoZT90NeZEKuunPaG4n9eM1XBmZexKEkVjYiOaC9IOVIxGi6C2kxQonhfE0wE01ci0sUCE6V3K+j69nTZWeKclM5L9qWeoQxj5GEX9uEIbDiFClxADRwg8AjP8AbvxoPxZLwYr+Nozpj82YY/MD6+AeaNlz0=</latexit><latexit sha1_base64="Cp++AUzQkS6bw/QKbg5z0SbGLV8=">AAACA3icbVC9TsMwGHTKXyl/ATZYDBUSA6oSFqBTpS4sSEUitFITKsd1GquOE9kOqIoqJuBlYEEIJngCXoAXYcYtRYKWm853Z+m78xNGpbKsDyM3NT0zO5efLywsLi2vmKtr5zJOBSYOjlksGj6ShFFOHEUVI41EEBT5jNT9bnXg1y+JkDTmZ6qXEC9CHU4DipHSUsvcqsIydDNrz3b7Fxy6gnZChYSIr37Ullm0StYQcJLYI1KsbNwUP69P3mot891txziNCFeYISmbtpUoL0NCUcxIv+CmkiQId1GHNDXlKCLSy4ZV+nAniAVUIYHD9+9shiIpe5GvMxFSoRz3BuJ/XjNVwaGXUZ6kinCsI9oLUgZVDAeLwDYVBCvW0wRhQfWVEIdIIKz0bgVd3x4vO0mc/dJRyT7VM5TBN/JgE2yDXWCDA1ABx6AGHIDBHXgAz+DFuDXujUfj6TuaM0Z/1sEfGK9fLKSZvA==</latexit><latexit sha1_base64="Cp++AUzQkS6bw/QKbg5z0SbGLV8=">AAACA3icbVC9TsMwGHTKXyl/ATZYDBUSA6oSFqBTpS4sSEUitFITKsd1GquOE9kOqIoqJuBlYEEIJngCXoAXYcYtRYKWm853Z+m78xNGpbKsDyM3NT0zO5efLywsLi2vmKtr5zJOBSYOjlksGj6ShFFOHEUVI41EEBT5jNT9bnXg1y+JkDTmZ6qXEC9CHU4DipHSUsvcqsIydDNrz3b7Fxy6gnZChYSIr37Ullm0StYQcJLYI1KsbNwUP69P3mot891txziNCFeYISmbtpUoL0NCUcxIv+CmkiQId1GHNDXlKCLSy4ZV+nAniAVUIYHD9+9shiIpe5GvMxFSoRz3BuJ/XjNVwaGXUZ6kinCsI9oLUgZVDAeLwDYVBCvW0wRhQfWVEIdIIKz0bgVd3x4vO0mc/dJRyT7VM5TBN/JgE2yDXWCDA1ABx6AGHIDBHXgAz+DFuDXujUfj6TuaM0Z/1sEfGK9fLKSZvA==</latexit><latexit sha1_base64="yp5TFvuL5EGT/gRt7LruqnoigTE=">AAACA3icbVC9TsMwGHTKXyl/AUYWQ4XEgKqEBehUqQtjkQit1ITKcZ3GqmNHtgOqoq7wMrAgBBNvwAvwNrglSNBy0/nuLH13Ycqo0o7zaZUWFpeWV8qrlbX1jc0te3vnWolMYuJhwYTshEgRRjnxNNWMdFJJUBIy0g6HzYnfviVSUcGv9CglQYIGnEYUI22knr3fhHXo586x649vOPQlHcQaSSnuftSeXXVqzhRwnrgFqYICrZ794fcFzhLCNWZIqa7rpDrIkdQUMzKu+JkiKcJDNCBdQzlKiAryaZUxPIyEhDomcPr+nc1RotQoCU0mQTpWs95E/M/rZjo6C3LK00wTjk3EeFHGoBZwsgjsU0mwZiNDEJbUXAlxjCTC2uxWMfXd2bLzxDupndfcS6faqBc7lMEeOABHwAWnoAEuQAt4AIMH8ARewZt1bz1az9bLd7RkFX92wR9Y71+PD5Y6</latexit>

C
<latexit sha1_base64="1GbgHMQk4QZyTJGlOON6IGZovzs=">AAAB4nicbZC7SgNBFIbPxluMt6ilzWAQrMKujZfGQBrLKK4JJEuYnZxNhsxemJkVliVPoI2IVna+iA9gL76Nk0uhiX/1zfn/gfMfPxFcadv+tgpLyyura8X10sbm1vZOeXfvTsWpZOiyWMSy5VOFgkfoaq4FthKJNPQFNv1hfew371EqHke3OkvQC2k/4gFnVJvRTZ10yxW7ak9EFsGZQeXy4/0LjBrd8menF7M0xEgzQZVqO3aivZxKzZnAUamTKkwoG9I+tg1GNETl5ZNNR+QoiCXRAyST9+9sTkOlstA3mZDqgZr3xsP/vHaqgzMv51GSaoyYiRgvSAXRMRkXJj0ukWmRGaBMcrMlYQMqKdPmLCVT35kvuwjuSfW86lzbldoFTFWEAziEY3DgFGpwBQ1wgUEAj/ACrxZaD9aT9TyNFqzZn334I+vtB5TyjMc=</latexit><latexit sha1_base64="HYReQLIkzJrZJW8xkZuaaSvsBuU=">AAAB4nicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBtJYRjEmkCxhdnI2GTJ7YWZWCEueQBsRrez0QXwAe/FtnFwKTfyrb87/D5z/+IngSjvOt5VbWFxaXsmv2mvrG5tbhe2dWxWnkmGNxSKWDZ8qFDzCmuZaYCORSENfYN3vV0Z+/Q6l4nF0owcJeiHtRjzgjGozuq6QdqHolJyxyDy4UyhefLx92efJe7Vd+Gx1YpaGGGkmqFJN10m0l1GpORM4tFupwoSyPu1i02BEQ1ReNt50SA6CWBLdQzJ+/85mNFRqEPomE1LdU7PeaPif10x1cOJlPEpSjREzEeMFqSA6JqPCpMMlMi0GBiiT3GxJWI9KyrQ5i23qu7Nl56F2VDotuVdOsXwGE+VhD/bhEFw4hjJcQhVqwCCAB3iGFwute+vReppEc9b0zy78kfX6A1rSjiI=</latexit><latexit sha1_base64="HYReQLIkzJrZJW8xkZuaaSvsBuU=">AAAB4nicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBtJYRjEmkCxhdnI2GTJ7YWZWCEueQBsRrez0QXwAe/FtnFwKTfyrb87/D5z/+IngSjvOt5VbWFxaXsmv2mvrG5tbhe2dWxWnkmGNxSKWDZ8qFDzCmuZaYCORSENfYN3vV0Z+/Q6l4nF0owcJeiHtRjzgjGozuq6QdqHolJyxyDy4UyhefLx92efJe7Vd+Gx1YpaGGGkmqFJN10m0l1GpORM4tFupwoSyPu1i02BEQ1ReNt50SA6CWBLdQzJ+/85mNFRqEPomE1LdU7PeaPif10x1cOJlPEpSjREzEeMFqSA6JqPCpMMlMi0GBiiT3GxJWI9KyrQ5i23qu7Nl56F2VDotuVdOsXwGE+VhD/bhEFw4hjJcQhVqwCCAB3iGFwute+vReppEc9b0zy78kfX6A1rSjiI=</latexit><latexit sha1_base64="0wlMyTGSijPSayq0F3QFj974R1g=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJGxconGEBCakp6mBDj2PdNeYEMIX6MYYXflJ/oB/Y4OzUPSuTte9ndStMFPSkOt+OqWV1bX1jfJmZWt7Z3evun9wb9JcC/RFqlLdCblBJRP0SZLCTqaRx6HCdjhuzv32A2oj0+SOJhkGMR8mMpKCkx3dNlm/WnPr7kLsL3gF1KBQq1/96A1SkceYkFDcmK7nZhRMuSYpFM4qvdxgxsWYD7FrMeExmmC62HTGTqJUMxohW7x/Zqc8NmYShzYTcxqZZW8+/M/r5hRdBFOZZDlhImzEelGuGKVsXpgNpEZBamKBCy3tlkyMuOaC7Fkqtr63XPYv+Gf1y7p349YaV8UdynAEx3AKHpxDA66hBT4IiOAJXuHNQefReXZevqMlp/hzCL/kvH8BTiOKTg==</latexit>

! C :=
!

x ! { 0,1} n

(! 1)C (x )

<latexit sha1_base64="fMNEJTabH5/IPUXNlWdzeUcFOVc=">AAACEXicbVDLSgNBEOyN7/iKevQyRIQIGne9+ABBiAePCsYI2bjMjp1kcHZ2mZkVw7LgR+jP6EVEQdAf8G+cRA++6lTdVQ1dFSaCa+O6705haHhkdGx8ojg5NT0zW5qbP9FxqhjWWSxidRpSjYJLrBtuBJ4mCmkUCmyEF7W+3rhEpXksj00vwVZEO5K3OaPGroLSur+PwtCgRnZ2CfF1GgXZFfG5JH7mrnp+fiZzUlnzVs6yWuVqJQ9KS27VHYD8Jd4XWdqrvZSvAeAwKL355zFLI5SGCap103MT08qoMpwJzIt+qjGh7IJ2sGmppBHqVjYIlpPldqyI6SIZzN+9GY207kWh9UTUdPVvrb/8T2umpr3VyrhMUoOSWYvV2qkgJib9fsg5V8iM6FlCmeL2S8K6VFFmbItFG9/7HfYvqW9Ut6veka1hBz4xDotQhgp4sAl7cACHUAcGt3APT/Ds3Dh3zoPz+GktOF83C/ADzusH2Zictw==</latexit><latexit sha1_base64="T3ZV+QDNcOeGDYXyozvvWp/34P8="></latexit><latexit sha1_base64="T3ZV+QDNcOeGDYXyozvvWp/34P8="></latexit><latexit sha1_base64="3PadP4HGwjUCQwiGjh+3huoJcSs=">AAACEXicbVDLSsNAFJ34tr6iLt0MFqEFrYkbHyAIdeFSwWqhScNketsOTiZhZiKWkL/Qn9GNiK70B/wbpzULtZ7VufecC/ecMOFMacf5tCYmp6ZnZufmSwuLS8sr9uralYpTSaFBYx7LZkgUcCagoZnm0EwkkCjkcB3e1If69S1IxWJxqQcJ+BHpCdZllGizCuxd7xS4JkEdHx1j7Kk0CrI77DGBvczZdr28LXJc2XGr7axeuavmgV12as4IeJy4BSmjAueB/eF1YppGIDTlRKmW6yTaz4jUjHLIS16qICH0hvSgZaggESg/GwXL8VY3llj3AY/mn96MREoNotB4IqL76q82XP6ntVLdPfAzJpJUg6DGYrRuyrGO8bAf3GESqOYDQwiVzHyJaZ9IQrVpsWTiu3/DjpPGXu2w5l445ZOjooc5tIE2UQW5aB+doDN0jhqIogf0hF7Rm3VvPVrP1su3dcIqbtbRL1jvX00Cmso=</latexit>

Encode         into the 
transition amplitude of 
a quantum circuit "
over qubits

1

! C
<latexit sha1_base64="Q4aHQ53tdyGcRFRUdQo3Ze30jso=">AAAB6HicbZC7SgNBFIbPxluMt1VLQRaDYBV2bbxUgVhYRnA1kIQwOzmbDJm9MHNWCEseQhsRrex9E1/Azkdxcik08a++Of8/cP4TpFJoct0vq7C0vLK6VlwvbWxube/Yu3t3OskUR58nMlGNgGmUIkafBElspApZFEi8Dwa1sX//gEqLJL6lYYrtiPViEQrOyIwarSuUxDq1jl12K+5EziJ4MyhX7cOPbwCod+zPVjfhWYQxccm0bnpuSu2cKRJc4qjUyjSmjA9YD5sGYxahbueTfUfOcZgoh/roTN6/szmLtB5GgclEjPp63hsP//OaGYXn7VzEaUYYcxMxXphJhxJnXNvpCoWc5NAA40qYLR3eZ4pxMscpmfrefNlF8E8rFxXvxpzhEqYqwgEcwQl4cAZVuIY6+MBBwhO8wps1sB6tZ+tlGi1Ysz/78EfW+w+TWI8K</latexit><latexit sha1_base64="tj2bcDTtCpUPaYXcYpk2QavTLkw=">AAAB6HicbZC7SgNBFIZn4y3G26qlIINBsAq7Nl6qQCwsI7gmkIQwOzmbDJm9MHNWCEveQW1EtLLPO/gAtha+jZNLoYl/9c35/4HzHz+RQqPjfFu5peWV1bX8emFjc2t7x97du9Nxqjh4PJaxqvtMgxQReChQQj1RwEJfQs3vV8Z+7R6UFnF0i4MEWiHrRiIQnKEZ1ZtXIJG1K2276JSciegiuDMolu3D0dfDx6jatj+bnZinIUTIJdO64ToJtjKmUHAJw0Iz1ZAw3mddaBiMWAi6lU32HdLjIFYUe0An79/ZjIVaD0LfZEKGPT3vjYf/eY0Ug/NWJqIkRYi4iRgvSCXFmI5r045QwFEODDCuhNmS8h5TjKM5TsHUd+fLLoJ3WroouTfmDJdkqjw5IEfkhLjkjJTJNakSj3AiyRN5JW9W33q0nq2XaTRnzf7skz+y3n8AHwCQ/A==</latexit><latexit sha1_base64="tj2bcDTtCpUPaYXcYpk2QavTLkw=">AAAB6HicbZC7SgNBFIZn4y3G26qlIINBsAq7Nl6qQCwsI7gmkIQwOzmbDJm9MHNWCEveQW1EtLLPO/gAtha+jZNLoYl/9c35/4HzHz+RQqPjfFu5peWV1bX8emFjc2t7x97du9Nxqjh4PJaxqvtMgxQReChQQj1RwEJfQs3vV8Z+7R6UFnF0i4MEWiHrRiIQnKEZ1ZtXIJG1K2276JSciegiuDMolu3D0dfDx6jatj+bnZinIUTIJdO64ToJtjKmUHAJw0Iz1ZAw3mddaBiMWAi6lU32HdLjIFYUe0An79/ZjIVaD0LfZEKGPT3vjYf/eY0Ug/NWJqIkRYi4iRgvSCXFmI5r045QwFEODDCuhNmS8h5TjKM5TsHUd+fLLoJ3WroouTfmDJdkqjw5IEfkhLjkjJTJNakSj3AiyRN5JW9W33q0nq2XaTRnzf7skz+y3n8AHwCQ/A==</latexit><latexit sha1_base64="rSbkV2IJWglQhRcUWJfHbZem1LI=">AAAB6HicbZDLTgJBEEVrfCK+UJduOhITV2TGjY8VCS5cYuIICUxIT1MDHXoe6a4xIYSP0I0xuvJ7/AH/xgZnoeBdna57O6lbYaakIdf9clZW19Y3Nktb5e2d3b39ysHhg0lzLdAXqUp1O+QGlUzQJ0kK25lGHocKW+GoMfNbj6iNTJN7GmcYxHyQyEgKTnbU7t6gIt5r9CpVt+bOxZbBK6AKhZq9yme3n4o8xoSE4sZ0PDejYMI1SaFwWu7mBjMuRnyAHYsJj9EEk/m+U3YapZrRENn8/Ts74bEx4zi0mZjT0Cx6s+F/Xien6DKYyCTLCRNhI9aLcsUoZbParC81ClJjC1xoabdkYsg1F2SPU7b1vcWyy+Cf165q3p1brV8XdyjBMZzAGXhwAXW4hSb4IEDBM7zBuzNynpwX5/UnuuIUf47gj5yPb/WnjQ8=</latexit>

2

Convert     into a linear 
optical network

Q
<latexit sha1_base64="VsGOgKKPU80jDGKhbSXZoetA44I=">AAAB4XicbZC7SgNBFIbPGC8x3uKlsxkMglXYtfFSBWwsE3BNIFnC7ORsMmT2wsysEJaAtTYiWvkuPoEv4Ns4uRSa+FffnP8fOP8JUim0cZxvslJYXVvfKG6WtrZ3dvfK+wf3OskUR48nMlGtgGmUIkbPCCOxlSpkUSCxGQxvJn7zAZUWSXxnRin6EevHIhScGTtqNLrlilN1pqLL4M6hUjv6LDwCQL1b/ur0Ep5FGBsumdZt10mNnzNlBJc4LnUyjSnjQ9bHtsWYRaj9fLromJ6GiaJmgHT6/p3NWaT1KApsJmJmoBe9yfA/r52Z8NLPRZxmBmNuI9YLM0lNQid9aU8o5EaOLDCuhN2S8gFTjBt7lZKt7y6WXQbvvHpVdRv2DNcwUxGO4QTOwIULqMEt1MEDDgjP8AbvpEeeyAt5nUVXyPzPIfwR+fgBJjeLxw==</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="iu6/13Z5AyXodccZl71Xf3xgJYM=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cQuIICUxIT1MDHXoe6a4xIYQf0I0xuvKX/AH/xgZnoeBdna57O6lbYaakIdf9ckpr6xubW+Xtys7u3v5B9fDowaS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8O/fbj6iNTJN7mmQYxHyYyEgKTnbUavWrNbfuLsRWwSugBoWa/epnb5CKPMaEhOLGdD03o2DKNUmhcFbp5QYzLsZ8iF2LCY/RBNPFojN2FqWa0QjZ4v07O+WxMZM4tJmY08gse/Phf143p+gqmMokywkTYSPWi3LFKGXzvmwgNQpSEwtcaGm3ZGLENRdkr1Kx9b3lsqvgX9Sv617LrTVuijuU4QRO4Rw8uIQG3EETfBCA8Axv8O4MnCfnxXn9iZac4s8x/JHz8Q0OOYoy</latexit>

L
<latexit sha1_base64="Fuzd/+LNDG7qA1wvLg5xqE+cysM=">AAAB4XicbZC7TgJBFIbP4g3xhlraTCQmVmTXxksjiY2FBSSukMCGzA5nYcLsJTOzJmTDC2hjjFaWvogPYG98G4eFQsG/+ub8/yTnP34iuNK2/W0VlpZXVteK66WNza3tnfLu3p2KU8nQZbGIZcunCgWP0NVcC2wlEmnoC2z6w6uJ37xHqXgc3epRgl5I+xEPOKPajBo33XLFrtq5yCI4M6hcfrx/gVG9W/7s9GKWhhhpJqhSbcdOtJdRqTkTOC51UoUJZUPax7bBiIaovCxfdEyOglgSPUCSv39nMxoqNQp9kwmpHqh5bzL8z2unOjjzMh4lqcaImYjxglQQHZNJX9LjEpkWIwOUSW62JGxAJWXaXKVk6jvzZRfBPameV52GXaldwFRFOIBDOAYHTqEG11AHFxggPMILvFo968F6sp6n0YI1+7MPf2S9/QBNl4ym</latexit><latexit sha1_base64="IyyUDkBjlxkOy8TYIwbbcTnz8tA=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBmwsLBJwTSBZwuzkJBkye2FmVghLXkAbEa0s9UF8AHvxbZxcCk38q2/O/w+c/wSJ4Eo7zreVW1hcWl7Jr9pr6xubW4XtnVsVp5Khx2IRy3pAFQoeoae5FlhPJNIwEFgL+pcjv3aHUvE4utGDBP2QdiPe4YxqM6petwpFp+SMRebBnULx4uPtyz5P3iutwmezHbM0xEgzQZVquE6i/YxKzZnAod1MFSaU9WkXGwYjGqLys/GiQ3LQiSXRPSTj9+9sRkOlBmFgMiHVPTXrjYb/eY1Ud078jEdJqjFiJmK8TiqIjsmoL2lziUyLgQHKJDdbEtajkjJtrmKb+u5s2XnwjkqnJbfqFMtnMFEe9mAfDsGFYyjDFVTAAwYID/AML1bburceradJNGdN/+zCH1mvPxN3jgE=</latexit><latexit sha1_base64="IyyUDkBjlxkOy8TYIwbbcTnz8tA=">AAAB4XicbZC7SgNBFIbPxltcb1FLm8EgWIVdGy8gBmwsLBJwTSBZwuzkJBkye2FmVghLXkAbEa0s9UF8AHvxbZxcCk38q2/O/w+c/wSJ4Eo7zreVW1hcWl7Jr9pr6xubW4XtnVsVp5Khx2IRy3pAFQoeoae5FlhPJNIwEFgL+pcjv3aHUvE4utGDBP2QdiPe4YxqM6petwpFp+SMRebBnULx4uPtyz5P3iutwmezHbM0xEgzQZVquE6i/YxKzZnAod1MFSaU9WkXGwYjGqLys/GiQ3LQiSXRPSTj9+9sRkOlBmFgMiHVPTXrjYb/eY1Ud078jEdJqjFiJmK8TiqIjsmoL2lziUyLgQHKJDdbEtajkjJtrmKb+u5s2XnwjkqnJbfqFMtnMFEe9mAfDsGFYyjDFVTAAwYID/AML1bburceradJNGdN/+zCH1mvPxN3jgE=</latexit><latexit sha1_base64="K2bgeIjra4Nc1CGkXi/61pB2U9o=">AAAB4XicbZC7TgJBFIbP4g3xhlraTCQmVmTXxktFYmNhAYkrJLAhs8NZmDB7ycxZE0J4AW2M0cpX8gV8GwfcQtG/+ub8/yTnP2GmpCHX/XRKK6tr6xvlzcrW9s7uXnX/4N6kuRboi1SluhNyg0om6JMkhZ1MI49Dhe1wfD332w+ojUyTO5pkGMR8mMhICk521LrtV2tu3V2I/QWvgBoUavarH71BKvIYExKKG9P13IyCKdckhcJZpZcbzLgY8yF2LSY8RhNMF4vO2EmUakYjZIv3z+yUx8ZM4tBmYk4js+zNh/953Zyii2AqkywnTISNWC/KFaOUzfuygdQoSE0scKGl3ZKJEddckL1Kxdb3lsv+Bf+sfln3Wm6tcVXcoQxHcAyn4ME5NOAGmuCDAIQneIU3Z+A8Os/Oy3e05BR/DuGXnPcvBsiKLQ==</latexit>

3

Use correspondence 
between linear optics 
and permanentsQ

<latexit sha1_base64="VsGOgKKPU80jDGKhbSXZoetA44I=">AAAB4XicbZC7SgNBFIbPGC8x3uKlsxkMglXYtfFSBWwsE3BNIFnC7ORsMmT2wsysEJaAtTYiWvkuPoEv4Ns4uRSa+FffnP8fOP8JUim0cZxvslJYXVvfKG6WtrZ3dvfK+wf3OskUR48nMlGtgGmUIkbPCCOxlSpkUSCxGQxvJn7zAZUWSXxnRin6EevHIhScGTtqNLrlilN1pqLL4M6hUjv6LDwCQL1b/ur0Ep5FGBsumdZt10mNnzNlBJc4LnUyjSnjQ9bHtsWYRaj9fLromJ6GiaJmgHT6/p3NWaT1KApsJmJmoBe9yfA/r52Z8NLPRZxmBmNuI9YLM0lNQid9aU8o5EaOLDCuhN2S8gFTjBt7lZKt7y6WXQbvvHpVdRv2DNcwUxGO4QTOwIULqMEt1MEDDgjP8AbvpEeeyAt5nUVXyPzPIfwR+fgBJjeLxw==</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="lVuTTaL9apC1Xb/meF8bWxZVoaA=">AAAB4XicbZC7SgNBFIbPJl5ivMVLZzMYBKuwa+OlCthYZsE1gWQJs5OzyZDZCzOzQljyAtqIaOW7WFvoA/g2Ti6FJv7VN+f/B85/glRwpW372yoUV1bX1ksb5c2t7Z3dyt7+nUoyydBjiUhkK6AKBY/R01wLbKUSaRQIbAbD64nfvEepeBLf6lGKfkT7MQ85o9qMXLdbqdo1eyqyDM4cqvXD92L69ZE1upXPTi9hWYSxZoIq1XbsVPs5lZozgeNyJ1OYUjakfWwbjGmEys+ni47JSZhIogdIpu/f2ZxGSo2iwGQiqgdq0ZsM//PamQ4v/JzHaaYxZiZivDATRCdk0pf0uESmxcgAZZKbLQkbUEmZNlcpm/rOYtll8M5qlzXHNWe4gplKcATHcAoOnEMdbqABHjBAeIQXeLV61oP1ZD3PogVr/ucA/sh6+wG8s43B</latexit><latexit sha1_base64="iu6/13Z5AyXodccZl71Xf3xgJYM=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cQuIICUxIT1MDHXoe6a4xIYQf0I0xuvKX/AH/xgZnoeBdna57O6lbYaakIdf9ckpr6xubW+Xtys7u3v5B9fDowaS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8O/fbj6iNTJN7mmQYxHyYyEgKTnbUavWrNbfuLsRWwSugBoWa/epnb5CKPMaEhOLGdD03o2DKNUmhcFbp5QYzLsZ8iF2LCY/RBNPFojN2FqWa0QjZ4v07O+WxMZM4tJmY08gse/Phf143p+gqmMokywkTYSPWi3LFKGXzvmwgNQpSEwtcaGm3ZGLENRdkr1Kx9b3lsqvgX9Sv617LrTVuijuU4QRO4Rw8uIQG3EETfBCA8Axv8O4MnCfnxXn9iZac4s8x/JHz8Q0OOYoy</latexit>
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Postselected linear optics is quantum universal

Theorem [Aaronson (2011)]:

! C

2n = !0. . . 0| Q |0. . . 0" = 4 ! ! I | ! (L ) |I " = 4 ! per(L I,I )
<latexit sha1_base64="40CSrxfsqfd9BexQ1lIcj3HpkeQ="></latexit><latexit sha1_base64="40CSrxfsqfd9BexQ1lIcj3HpkeQ="></latexit><latexit sha1_base64="40CSrxfsqfd9BexQ1lIcj3HpkeQ="></latexit><latexit sha1_base64="40CSrxfsqfd9BexQ1lIcj3HpkeQ="></latexit>

not unitary

! I | ! (L ) |I " =
1
4! !0á á á0| Q |0á á á0"

<latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="WlaKA+UW22OSHyV3JHp83yctx2Q="></latexit><latexit sha1_base64="WlaKA+UW22OSHyV3JHp83yctx2Q="></latexit><latexit sha1_base64="WxruCr/cllIwRGn60/PaUXbh8ug="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit>

where, 

! =<latexit sha1_base64="PE2GBYaMrJTMwpZe7+ZnYxIiZDo=">AAAB6XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvgDQsGFLisYW2lDmUxv2qEzSZiZCCX0JXQjoitfxxfwbZzWLLR6Vt/ccwbuuWEquDau++mUFhaXllfKq5W19Y3Nrer2zp1OMsXQZ4lIVDukGgWP0TfcCGynCqkMBbbC0eXUbz2g0jyJb804xUDSQcwjzqixo/vuFZWSkgvSq9bcujsT+QteATUo1OxVP7r9hGUSY8ME1brjuakJcqoMZwInlW6mMaVsRAfYsRhTiTrIZwtPyEGUKGKGSGbvn9mcSq3HMrQZSc1Qz3vT4X9eJzPRaZDzOM0MxsxGrBdlgpiETHuTPlfIjBhboExxuyVhQ6ooM/Y6FVvfmy/7F/yj+lnduzmuNc6LO5RhD/bhEDw4gQZcQxN8YCDhCV7hzRHOo/PsvHxHS07xZxd+yXn/AtygjPE=</latexit><latexit sha1_base64="PE2GBYaMrJTMwpZe7+ZnYxIiZDo=">AAAB6XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvgDQsGFLisYW2lDmUxv2qEzSZiZCCX0JXQjoitfxxfwbZzWLLR6Vt/ccwbuuWEquDau++mUFhaXllfKq5W19Y3Nrer2zp1OMsXQZ4lIVDukGgWP0TfcCGynCqkMBbbC0eXUbz2g0jyJb804xUDSQcwjzqixo/vuFZWSkgvSq9bcujsT+QteATUo1OxVP7r9hGUSY8ME1brjuakJcqoMZwInlW6mMaVsRAfYsRhTiTrIZwtPyEGUKGKGSGbvn9mcSq3HMrQZSc1Qz3vT4X9eJzPRaZDzOM0MxsxGrBdlgpiETHuTPlfIjBhboExxuyVhQ6ooM/Y6FVvfmy/7F/yj+lnduzmuNc6LO5RhD/bhEDw4gQZcQxN8YCDhCV7hzRHOo/PsvHxHS07xZxd+yXn/AtygjPE=</latexit><latexit sha1_base64="PE2GBYaMrJTMwpZe7+ZnYxIiZDo=">AAAB6XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvgDQsGFLisYW2lDmUxv2qEzSZiZCCX0JXQjoitfxxfwbZzWLLR6Vt/ccwbuuWEquDau++mUFhaXllfKq5W19Y3Nrer2zp1OMsXQZ4lIVDukGgWP0TfcCGynCqkMBbbC0eXUbz2g0jyJb804xUDSQcwjzqixo/vuFZWSkgvSq9bcujsT+QteATUo1OxVP7r9hGUSY8ME1brjuakJcqoMZwInlW6mMaVsRAfYsRhTiTrIZwtPyEGUKGKGSGbvn9mcSq3HMrQZSc1Qz3vT4X9eJzPRaZDzOM0MxsxGrBdlgpiETHuTPlfIjBhboExxuyVhQ6ooM/Y6FVvfmy/7F/yj+lnduzmuNc6LO5RhD/bhEDw4gQZcQxN8YCDhCV7hzRHOo/PsvHxHS07xZxd+yXn/AtygjPE=</latexit><latexit sha1_base64="PE2GBYaMrJTMwpZe7+ZnYxIiZDo=">AAAB6XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvgDQsGFLisYW2lDmUxv2qEzSZiZCCX0JXQjoitfxxfwbZzWLLR6Vt/ccwbuuWEquDau++mUFhaXllfKq5W19Y3Nrer2zp1OMsXQZ4lIVDukGgWP0TfcCGynCqkMBbbC0eXUbz2g0jyJb804xUDSQcwjzqixo/vuFZWSkgvSq9bcujsT+QteATUo1OxVP7r9hGUSY8ME1brjuakJcqoMZwInlW6mMaVsRAfYsRhTiTrIZwtPyEGUKGKGSGbvn9mcSq3HMrQZSc1Qz3vT4X9eJzPRaZDzOM0MxsxGrBdlgpiETHuTPlfIjBhboExxuyVhQ6ooM/Y6FVvfmy/7F/yj+lnduzmuNc6LO5RhD/bhEDw4gQZcQxN8YCDhCV7hzRHOo/PsvHxHS07xZxd+yXn/AtygjPE=</latexit> number of CSIGN gates in Q
<latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit>

Theorem [Knill, Laßamme, Milburn (2001)]:   
Postselected linear optical circuits are universal for quantum computation. "

Formally, given quantum circuit     with polynomially many CSIGN and single-
qubit gates, there exists linear optical circuit     with polynomially many modes "
such that

Q
<latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="HnCI3Eh4XRQjfH0vCWlWPO9byLg=">AAAB1nicbVBNT8JAFHz1ExEVvXrZSEw8kdaLejPx4hESKyTQkO3yCht222b31YQ0/AG9GKP/yj/gv3FBDgrOad7MHN5MnCtpyfe/vI3Nre2d3cpedb92cHhUP6492qwwAkORqcx0Y25RyRRDkqSwmxvkOlbYiSd3c7/zhMbKLH2gaY6R5qNUJlJwclK7Pag3/Ka/AFsnwZI0YInWoP7ZH2ai0JiSUNzaXuDnFJXckBQKZ9V+YTHnYsJH2HM05RptVC4enbHzJDOMxsgW9+9sybW1Ux27jOY0tqveXPzP6xWUXEelTPOCMBUu4rykUIwyNu/LhtKgIDV1hAsj3ZdMjLnhgtwqVVc/WC27TsLL5k0zaPtQgVM4gwsI4Apu4R5aEIIAhBd4hw9v6D17rz87bXjLwU7gD7y3bxsxiPI=</latexit><latexit sha1_base64="HnCI3Eh4XRQjfH0vCWlWPO9byLg=">AAAB1nicbVBNT8JAFHz1ExEVvXrZSEw8kdaLejPx4hESKyTQkO3yCht222b31YQ0/AG9GKP/yj/gv3FBDgrOad7MHN5MnCtpyfe/vI3Nre2d3cpedb92cHhUP6492qwwAkORqcx0Y25RyRRDkqSwmxvkOlbYiSd3c7/zhMbKLH2gaY6R5qNUJlJwclK7Pag3/Ka/AFsnwZI0YInWoP7ZH2ai0JiSUNzaXuDnFJXckBQKZ9V+YTHnYsJH2HM05RptVC4enbHzJDOMxsgW9+9sybW1Ux27jOY0tqveXPzP6xWUXEelTPOCMBUu4rykUIwyNu/LhtKgIDV1hAsj3ZdMjLnhgtwqVVc/WC27TsLL5k0zaPtQgVM4gwsI4Apu4R5aEIIAhBd4hw9v6D17rz87bXjLwU7gD7y3bxsxiPI=</latexit><latexit sha1_base64="iu6/13Z5AyXodccZl71Xf3xgJYM=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cQuIICUxIT1MDHXoe6a4xIYQf0I0xuvKX/AH/xgZnoeBdna57O6lbYaakIdf9ckpr6xubW+Xtys7u3v5B9fDowaS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8O/fbj6iNTJN7mmQYxHyYyEgKTnbUavWrNbfuLsRWwSugBoWa/epnb5CKPMaEhOLGdD03o2DKNUmhcFbp5QYzLsZ8iF2LCY/RBNPFojN2FqWa0QjZ4v07O+WxMZM4tJmY08gse/Phf143p+gqmMokywkTYSPWi3LFKGXzvmwgNQpSEwtcaGm3ZGLENRdkr1Kx9b3lsqvgX9Sv617LrTVuijuU4QRO4Rw8uIQG3EETfBCA8Axv8O4MnCfnxXn9iZac4s8x/JHz8Q0OOYoy</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit>

L<latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit>

|I ! = |0, 1, 0, 1, . . . , 0, 1!
<latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit><latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit><latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit><latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit>

Note:  CSIGN + single-qubits gates are universal for quantum computation

CSIGN |x1x2! = ( " 1)x 1 x 2 |x1x2!
<latexit sha1_base64="1996RtrLU7oRkeqm5y6YahUQFMw="></latexit><latexit sha1_base64="3ZwDu3nxYSOdagrQGusfa8R4lpc="></latexit><latexit sha1_base64="3ZwDu3nxYSOdagrQGusfa8R4lpc="></latexit><latexit sha1_base64="+vs5cqoU89tAYISxUq9gvq1f7QU=">AAACLHicbVBLSwMxGMz6tr6qHr0Ei6AHy24vPkApePBxEEVrC91asvHbNjT7IPlWLGt/k/4Qrwoioid/h2ndg6+BwGRmApnxYik02vazNTQ8Mjo2PjGZm5qemZ3Lzy9c6ChRHCo8kpGqeUyDFCFUUKCEWqyABZ6EqtfZ6/vVa1BaROE5dmNoBKwVCl9whkZq5o9chBtM984O9497rgQfb+lN0zGnRF0lWm3cpTt0dd1Zu0wzvUf/zzXzBbtoD0D/EicjBZLhpJl/cK8ingQQIpdM67pjx9hImULBJfRybqIhZrzDWlA3NGQB6EY66NyjK36kKLaBDu7fsykLtO4GnskEDNv6t9cX//PqCfqbjVSEcYIQchMxnp9IihHtT0evhAKOsmsI40qYX1LeZopxNAPnTH3nd9m/pFIqbhWdU7tQ3s52mCBLZJmsEodskDI5ICekQji5J0/kjbxbd9aj9WK9fkWHrOzNIvkB6+MTEbSlpA==</latexit>



KLM protocol - representing states

!I | ! (L ) |I " =
1
4! !0á á á0| Q |0á á á0"

<latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="WlaKA+UW22OSHyV3JHp83yctx2Q="></latexit><latexit sha1_base64="WlaKA+UW22OSHyV3JHp83yctx2Q="></latexit><latexit sha1_base64="WxruCr/cllIwRGn60/PaUXbh8ug="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit><latexit sha1_base64="2zl5yH5+ZAMsIHKOSy3UTL3rPqA="></latexit>

where 

Theorem [Knill, Laßamme, Milburn (2001)]:   
Given quantum circuit     with polynomially many CSIGN and single-qubit gates, 
there exists linear optical circuit     with polynomially many modes such that

Q
<latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="HnCI3Eh4XRQjfH0vCWlWPO9byLg=">AAAB1nicbVBNT8JAFHz1ExEVvXrZSEw8kdaLejPx4hESKyTQkO3yCht222b31YQ0/AG9GKP/yj/gv3FBDgrOad7MHN5MnCtpyfe/vI3Nre2d3cpedb92cHhUP6492qwwAkORqcx0Y25RyRRDkqSwmxvkOlbYiSd3c7/zhMbKLH2gaY6R5qNUJlJwclK7Pag3/Ka/AFsnwZI0YInWoP7ZH2ai0JiSUNzaXuDnFJXckBQKZ9V+YTHnYsJH2HM05RptVC4enbHzJDOMxsgW9+9sybW1Ux27jOY0tqveXPzP6xWUXEelTPOCMBUu4rykUIwyNu/LhtKgIDV1hAsj3ZdMjLnhgtwqVVc/WC27TsLL5k0zaPtQgVM4gwsI4Apu4R5aEIIAhBd4hw9v6D17rz87bXjLwU7gD7y3bxsxiPI=</latexit><latexit sha1_base64="HnCI3Eh4XRQjfH0vCWlWPO9byLg=">AAAB1nicbVBNT8JAFHz1ExEVvXrZSEw8kdaLejPx4hESKyTQkO3yCht222b31YQ0/AG9GKP/yj/gv3FBDgrOad7MHN5MnCtpyfe/vI3Nre2d3cpedb92cHhUP6492qwwAkORqcx0Y25RyRRDkqSwmxvkOlbYiSd3c7/zhMbKLH2gaY6R5qNUJlJwclK7Pag3/Ka/AFsnwZI0YInWoP7ZH2ai0JiSUNzaXuDnFJXckBQKZ9V+YTHnYsJH2HM05RptVC4enbHzJDOMxsgW9+9sybW1Ux27jOY0tqveXPzP6xWUXEelTPOCMBUu4rykUIwyNu/LhtKgIDV1hAsj3ZdMjLnhgtwqVVc/WC27TsLL5k0zaPtQgVM4gwsI4Apu4R5aEIIAhBd4hw9v6D17rz87bXjLwU7gD7y3bxsxiPI=</latexit><latexit sha1_base64="iu6/13Z5AyXodccZl71Xf3xgJYM=">AAAB4XicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5cQuIICUxIT1MDHXoe6a4xIYQf0I0xuvKX/AH/xgZnoeBdna57O6lbYaakIdf9ckpr6xubW+Xtys7u3v5B9fDowaS5FuiLVKW6E3KDSibokySFnUwjj0OF7XB8O/fbj6iNTJN7mmQYxHyYyEgKTnbUavWrNbfuLsRWwSugBoWa/epnb5CKPMaEhOLGdD03o2DKNUmhcFbp5QYzLsZ8iF2LCY/RBNPFojN2FqWa0QjZ4v07O+WxMZM4tJmY08gse/Phf143p+gqmMokywkTYSPWi3LFKGXzvmwgNQpSEwtcaGm3ZGLENRdkr1Kx9b3lsqvgX9Sv617LrTVuijuU4QRO4Rw8uIQG3EETfBCA8Axv8O4MnCfnxXn9iZac4s8x/JHz8Q0OOYoy</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit>

L<latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit>

Representing qubits with linear optical states:  

|I ! = |0, 1, 0, 1, . . . , 0, 1!
<latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit><latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit><latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit><latexit sha1_base64="OTcd/VtUt7cppkSEkcjJqGjbElA=">AAACHXicbVBdSwJBFJ3t0+zL6rGXIQl6ENmNoC8KoZd6M8gUXJHZ8a4Ozn4wczcQ87/Un6kXiXqK/k2jblDaeRjOPedcmHO9WAqNtv1lzc0vLC4tZ1ayq2vrG5u5re17HSWKQ4VHMlI1j2mQIoQKCpRQixWwwJNQ9bpXI7/6AEqLKLzDXgyNgLVD4QvO0EjN3LkrwcdHekNdJdodvKQXlKaaXaBOIX1d2YpQT6afaDOXt4v2GHSWOCnJkxTlZm7otiKeBBAil0zrumPH2OgzhYJLGGTdREPMeJe1oW5oyALQjf645IDu+5Gi2AE6nn9n+yzQuhd4JhMw7OhpbyT+59UT9E8afRHGCULITcR4fiIpRnR0K9oSCjjKniGMK2F+SXmHKcbRXDRr6jvTZWdJ5bB4WnRuj/Kls/QOGbJL9sgBccgxKZFrUiYVwskzeSXv5MN6sl6sofU2ic5Z6c4O+QPr8xs9w52j</latexit>

This is the source of non-unitarity in AaronsonÕs proof

  Solution:  use two modes and one photon to encode a single qubit

|0! " |0, 1!
<latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="tjL/VbqL2hlh/7Oh+vFL8MNU1ao=">AAAB/3icbVBLTgJBFHyDP0RUdOumIzFhYciMG3VjTNy4xESEhCGkp3kDHXo+6X5jQpAj6GV0Y4yewAt4GxuERMFa1auqxasKUiUNue6Xk1tZXVvfyG8WtorbO7ulveKdSTItsC4SlehmwA0qGWOdJClsphp5FChsBIOrid+4R21kEt/SMMV2xHuxDKXgZKVOqeIrDOmBuczXstenC+ZTwubiMfPmeqdUdqvuFGyZeDNShhlqndKn301EFmFMQnFjWp6bUnvENUmhcFzwM4MpFwPew5alMY/QtEfTRmN2FCaaUR/Z9P6dHfHImGEU2EzEqW8WvYn4n9fKKDxrj2ScZoSxsBHrhZlitu5kGNaVGgWpoSVcaGm/ZKLPNRdk5yvY+t5i2WVSP6meV70bF/JwAIdQAQ9O4RKuoQZ1EPAEL/AOH86j8+y8/uyUc2aD7cMfOG/fBEuXgQ==</latexit><latexit sha1_base64="tjL/VbqL2hlh/7Oh+vFL8MNU1ao=">AAAB/3icbVBLTgJBFHyDP0RUdOumIzFhYciMG3VjTNy4xESEhCGkp3kDHXo+6X5jQpAj6GV0Y4yewAt4GxuERMFa1auqxasKUiUNue6Xk1tZXVvfyG8WtorbO7ulveKdSTItsC4SlehmwA0qGWOdJClsphp5FChsBIOrid+4R21kEt/SMMV2xHuxDKXgZKVOqeIrDOmBuczXstenC+ZTwubiMfPmeqdUdqvuFGyZeDNShhlqndKn301EFmFMQnFjWp6bUnvENUmhcFzwM4MpFwPew5alMY/QtEfTRmN2FCaaUR/Z9P6dHfHImGEU2EzEqW8WvYn4n9fKKDxrj2ScZoSxsBHrhZlitu5kGNaVGgWpoSVcaGm/ZKLPNRdk5yvY+t5i2WVSP6meV70bF/JwAIdQAQ9O4RKuoQZ1EPAEL/AOH86j8+y8/uyUc2aD7cMfOG/fBEuXgQ==</latexit><latexit sha1_base64="Gh8DiNHs2FbTnXJWILdNJ+nCNII=">AAACCnicbVDJSgNBFOxxjXEb9eilMQg5SJjx4nKQgBePEYwJZIbQ03mTNOlZ6H4jhJhP0J/Ri4iePPoD/o2dOAFNrFN1VTW8qiCVQqPjfFkLi0vLK6uFteL6xubWtr2ze6uTTHGo80QmqhkwDVLEUEeBEpqpAhYFEhpB/3LsN+5AaZHENzhIwY9YNxah4AyN1LbLnoQQ76lDPSW6PbygHiZ0Kh5Rd6q37ZJTcSag88TNSYnkqLXtT6+T8CyCGLlkWrdcJ0V/yBQKLmFU9DINKeN91oWWoTGLQPvDSaMRPQwTRbEHdPL+nR2ySOtBFJhMxLCnZ72x+J/XyjA89YciTjOEmJuI8cJMUlN3PAztCAUc5cAQxpUwV1LeY4pxNPMVTX13tuw8qR9XzirutVOqnuc7FMg+OSBl4pITUiVXpEbqhJNH8kzeyLv1YD1ZL9brT3TByv/skT+wPr4Bkd2Y6g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit><latexit sha1_base64="poY2tEsm/PU1JaX9EgpbwP1lhkU=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z21qatEr48X1MWITsVD6kz1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/fkx2Y7g==</latexit>

|1! " |1, 0!
<latexit sha1_base64="RMv1oh4aetQth0EeqMSaCeLskLQ=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z11qKtEr48X1MWITsVDak/1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/flL2Y7w==</latexit><latexit sha1_base64="RMv1oh4aetQth0EeqMSaCeLskLQ=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z11qKtEr48X1MWITsVDak/1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/flL2Y7w==</latexit><latexit sha1_base64="RMv1oh4aetQth0EeqMSaCeLskLQ=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z11qKtEr48X1MWITsVDak/1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/flL2Y7w==</latexit><latexit sha1_base64="RMv1oh4aetQth0EeqMSaCeLskLQ=">AAACCnicbVDJSgNBFOyJW4xb1KOXxiDkIGFGBJeDBLx4jGBMIBNCT+dN0qRnofuNEMZ8gv6MXkT05NEf8G/sxAloYp2qq6rhVXmxFBpt+8vKLSwuLa/kVwtr6xubW8XtnVsdJYpDnUcyUk2PaZAihDoKlNCMFbDAk9DwBpdjv3EHSosovMFhDO2A9ULhC87QSJ1i2ZXg4z11qKtEr48X1MWITsVDak/1TrFkV+wJ6DxxMlIiGWqd4qfbjXgSQIhcMq1bjh1jO2UKBZcwKriJhpjxAetBy9CQBaDb6aTRiB74kaLYBzp5/86mLNB6GHgmEzDs61lvLP7ntRL0T9upCOMEIeQmYjw/kdTUHQ9Du0IBRzk0hHElzJWU95liHM18BVPfmS07T+pHlbOKc31cqp5nO+TJHtknZeKQE1IlV6RG6oSTR/JM3si79WA9WS/W6080Z2V/dskfWB/flL2Y7w==</latexit>

qubits linear optical state

Dual rail encoding

  Problem:  qubit is either in state       or      , but number of photons is conserved|0!
<latexit sha1_base64="hBW1L+rk39RUqL8zy54Op6+p724=">AAAB8nicbZC7TgJBFIbP4g3xtmqnzUQ0sSK7Nl4KQ2JjiYkICRAyO56FCbOXzJwlIUjpU2hjjFY+ii/g2zhcChX/6pvz/5Oc8wepkoY878vJLSwuLa/kVwtr6xubW+72zp1JMi2wKhKV6HrADSoZY5UkKaynGnkUKKwFvauxX+ujNjKJb2mQYivinViGUnCyo7brNhWG9MA81tSy06XLtlv0St5EbB78GRTLe4+HYFVpu5/N+0RkEcYkFDem4XsptYZckxQKR4VmZjDlosc72LAY8whNazjZfMSOwkQz6iKbvH9mhzwyZhAFNhNx6pq/3nj4n9fIKDxrDWWcZoSxsBHrhZlilLBxAexeahSkBha40NJuyUSXay7I1lSw5/t/j52H6knpvOTf2BouYKo87MMBHIMPp1CGa6hAFQT04Rne4N3JnCfnxXmdRnPO7M8u/JLz8Q0pFpFW</latexit><latexit sha1_base64="uwOWTyuv3FvuQ4DTGjdewRS9XkE=">AAAB8nicbZC7SgNBFIZnvcZ4W7XTZjAIVmHXxkshARsbIYIxgewSZidnkyGzF2bOBkIMVj6FNiJa+Qw+gS/gi1g7uRSa+FffnP8fOOcPUik0Os6XNTe/sLi0nFvJr66tb2zaW9u3OskUhwpPZKJqAdMgRQwVFCihlipgUSChGnQuhn61C0qLJL7BXgp+xFqxCAVnaEYN2/YkhHhHHeop0WrjecMuOEVnJDoL7gQKpd2Hwvf91Ue5YX96zYRnEcTIJdO67jop+n2mUHAJg7yXaUgZ77AW1A3GLALt90ebD+hBmCiKbaCj9+9sn0Va96LAZCKGbT3tDYf/efUMwxO/L+I0Q4i5iRgvzCTFhA4LoE2hgKPsGWBcCbMl5W2mGEdTU96c704fOwuVo+Jp0b02NZyRsXJkj+yTQ+KSY1Iil6RMKoSTLnkir+TNyqxH69l6GUfnrMmfHfJH1vsPbx6T1Q==</latexit><latexit sha1_base64="uwOWTyuv3FvuQ4DTGjdewRS9XkE=">AAAB8nicbZC7SgNBFIZnvcZ4W7XTZjAIVmHXxkshARsbIYIxgewSZidnkyGzF2bOBkIMVj6FNiJa+Qw+gS/gi1g7uRSa+FffnP8fOOcPUik0Os6XNTe/sLi0nFvJr66tb2zaW9u3OskUhwpPZKJqAdMgRQwVFCihlipgUSChGnQuhn61C0qLJL7BXgp+xFqxCAVnaEYN2/YkhHhHHeop0WrjecMuOEVnJDoL7gQKpd2Hwvf91Ue5YX96zYRnEcTIJdO67jop+n2mUHAJg7yXaUgZ77AW1A3GLALt90ebD+hBmCiKbaCj9+9sn0Va96LAZCKGbT3tDYf/efUMwxO/L+I0Q4i5iRgvzCTFhA4LoE2hgKPsGWBcCbMl5W2mGEdTU96c704fOwuVo+Jp0b02NZyRsXJkj+yTQ+KSY1Iil6RMKoSTLnkir+TNyqxH69l6GUfnrMmfHfJH1vsPbx6T1Q==</latexit><latexit sha1_base64="RjoYnzslULBY8l1zOMxvTyQWIu8=">AAAB8nicbZDLSsNAFIYn9VbrLerSzWARXJXEjZeFFNy4rGBsoQllMj1phk4uzJwUSu2T6EZEVz6KL+DbOK1ZaOu/+ub8/8A5f5hLodFxvqzKyura+kZ1s7a1vbO7Z+8fPOisUBw8nslMdUKmQYoUPBQooZMrYEkooR0Ob2Z+ewRKiyy9x3EOQcIGqYgEZ2hGPdv2JUT4SB3qKzGI8bpn152GMxddBreEOinV6tmffj/jRQIpcsm07rpOjsGEKRRcwrTmFxpyxodsAF2DKUtAB5P55lN6EmWKYgx0/v6dnbBE63ESmkzCMNaL3mz4n9ctMLoIJiLNC4SUm4jxokJSzOisANoXCjjKsQHGlTBbUh4zxTiammrmfHfx2GXwzhqXDffOqTevyh6q5Igck1PiknPSJLekRTzCyYg8kzfybhXWk/Vivf5EK1b555D8kfXxDdGJkFM=</latexit>

|1!
<latexit sha1_base64="0xws4Cei0PnWyunkoEU1YHWxX48=">AAAB8nicbZC7TgJBFIbP4g3xtmqnzUQ0sSK7Nl4KQ2JjiYkICRAyO56FCbOXzJwlIUjpU2hjjFY+ii/g2zhcChX/6pvz/5Oc8wepkoY878vJLSwuLa/kVwtr6xubW+72zp1JMi2wKhKV6HrADSoZY5UkKaynGnkUKKwFvauxX+ujNjKJb2mQYivinViGUnCyo7brNhWG9MB81tSy06XLtlv0St5EbB78GRTLe4+HYFVpu5/N+0RkEcYkFDem4XsptYZckxQKR4VmZjDlosc72LAY8whNazjZfMSOwkQz6iKbvH9mhzwyZhAFNhNx6pq/3nj4n9fIKDxrDWWcZoSxsBHrhZlilLBxAexeahSkBha40NJuyUSXay7I1lSw5/t/j52H6knpvOTf2BouYKo87MMBHIMPp1CGa6hAFQT04Rne4N3JnCfnxXmdRnPO7M8u/JLz8Q0qm5FX</latexit><latexit sha1_base64="tmlwwpXuoxB0FbsIQYLmdkIybA0=">AAAB8nicbZC7SgNBFIZnvcZ4W7XTZjAIVmHXxkshARsbIYIxgewSZidnkyGzF2bOBkIMVj6FNiJa+Qw+gS/gi1g7uRSa+FffnP8fOOcPUik0Os6XNTe/sLi0nFvJr66tb2zaW9u3OskUhwpPZKJqAdMgRQwVFCihlipgUSChGnQuhn61C0qLJL7BXgp+xFqxCAVnaEYN2/YkhHhHXeop0WrjecMuOEVnJDoL7gQKpd2Hwvf91Ue5YX96zYRnEcTIJdO67jop+n2mUHAJg7yXaUgZ77AW1A3GLALt90ebD+hBmCiKbaCj9+9sn0Va96LAZCKGbT3tDYf/efUMwxO/L+I0Q4i5iRgvzCTFhA4LoE2hgKPsGWBcCbMl5W2mGEdTU96c704fOwuVo+Jp0b02NZyRsXJkj+yTQ+KSY1Iil6RMKoSTLnkir+TNyqxH69l6GUfnrMmfHfJH1vsPcKOT1g==</latexit><latexit sha1_base64="tmlwwpXuoxB0FbsIQYLmdkIybA0=">AAAB8nicbZC7SgNBFIZnvcZ4W7XTZjAIVmHXxkshARsbIYIxgewSZidnkyGzF2bOBkIMVj6FNiJa+Qw+gS/gi1g7uRSa+FffnP8fOOcPUik0Os6XNTe/sLi0nFvJr66tb2zaW9u3OskUhwpPZKJqAdMgRQwVFCihlipgUSChGnQuhn61C0qLJL7BXgp+xFqxCAVnaEYN2/YkhHhHXeop0WrjecMuOEVnJDoL7gQKpd2Hwvf91Ue5YX96zYRnEcTIJdO67jop+n2mUHAJg7yXaUgZ77AW1A3GLALt90ebD+hBmCiKbaCj9+9sn0Va96LAZCKGbT3tDYf/efUMwxO/L+I0Q4i5iRgvzCTFhA4LoE2hgKPsGWBcCbMl5W2mGEdTU96c704fOwuVo+Jp0b02NZyRsXJkj+yTQ+KSY1Iil6RMKoSTLnkir+TNyqxH69l6GUfnrMmfHfJH1vsPcKOT1g==</latexit><latexit sha1_base64="7ZtPDUPL0Hvs10gdJxqw0wNhQy8=">AAAB8nicbZDLSsNAFIYn9VbrLerSzWARXJXEjZeFFNy4rGBsoQllMj1phk4uzJwUSu2T6EZEVz6KL+DbOK1ZaOu/+ub8/8A5f5hLodFxvqzKyura+kZ1s7a1vbO7Z+8fPOisUBw8nslMdUKmQYoUPBQooZMrYEkooR0Ob2Z+ewRKiyy9x3EOQcIGqYgEZ2hGPdv2JUT4SF3qKzGI8bpn152GMxddBreEOinV6tmffj/jRQIpcsm07rpOjsGEKRRcwrTmFxpyxodsAF2DKUtAB5P55lN6EmWKYgx0/v6dnbBE63ESmkzCMNaL3mz4n9ctMLoIJiLNC4SUm4jxokJSzOisANoXCjjKsQHGlTBbUh4zxTiammrmfHfx2GXwzhqXDffOqTevyh6q5Igck1PiknPSJLekRTzCyYg8kzfybhXWk/Vivf5EK1b555D8kfXxDdMOkFQ=</latexit>



Add new encoding phase to KLM

Problem:  KLM uses dual rail encoding.

Solution:  Prepare the dual rail encoding using another gadget.

KLM solution:  1 qubit represented by 1 photon and 2 modes

Our solution:  1 qubit represented by 4 photons and 4 modes

|1, 1, 1, 1!
<latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit>

|0, 1, 2, 1!
<latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit><latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit><latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit><latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit>

Encoding gadget

dual rail encoding

dumpster

postselected photon

Goal:  Construct linear optical circuit     from     such thatL<latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit>

Q
<latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit>

! 1, 1, . . . , 1| ! (L ) |1, 1, . . . , 1" # ! 0á á á0| Q |0á á á0"
<latexit sha1_base64="F92Y2jlKnr3yp0Wka2OfQKX15Qo="></latexit><latexit sha1_base64="7zL1qKQm+nGP3xTw0MYDvrgabOw="></latexit><latexit sha1_base64="7zL1qKQm+nGP3xTw0MYDvrgabOw="></latexit><latexit sha1_base64="SR9cgGXZybs9KyRt9AS30DW0/As="></latexit>



Add new encoding phase to KLM

Problem:  KLM uses dual rail encoding.

Solution:  Prepare the dual rail encoding using another gadget.

KLM solution:  1 qubit represented by 1 photon and 2 modes

Our solution:  1 qubit represented by 4 photons and 4 modes

|1, 1, 1, 1!
<latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit>

|0, 1, 2, 1!
<latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit><latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit><latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit><latexit sha1_base64="tbQy8Lzp8rAqqlyf/pFzsxJY3Jg=">AAAB+XicbVDLSgNBEJyNrxhfUQ8evAwGwUMIu0FQLxLQg8cIxgjZJcxOerNDZh/M9Aohyc/oRURP/oY/4N84iXvQxDpVd1VDV/mpFBpt+8sqLC2vrK4V10sbm1vbO+XdvXudZIpDiycyUQ8+0yBFDC0UKOEhVcAiX0LbH1xN9fYjKC2S+A6HKXgR68ciEJyhWXXLB9SVEOCY2lWnWq861FWiH+Jlt1yxa/YMdJE4OamQHM1u+dPtJTyLIEYumdYdx07RGzGFgkuYlNxMQ8r4gPWhY2jMItDeaBZgQo+DRFEMgc7m394Ri7QeRr7xRAxDPa9Nl/9pnQyDc28k4jRDiLmxGC3IJMWETnugPaGAoxwawrgS5kvKQ6YYR9NWycR35sMukla9dlFzbk8rjeu8hyI5JEfkhDjkjDTIDWmSFuFkQp7JG3m3xtaT9WK9/lgLVn6zT/7A+vgGyVaR3w==</latexit>

Encoding gadget

|1, 1, 1, 1!
<latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit><latexit sha1_base64="oPn7T2gIWQeo8M/DE0xy0jX3/fY=">AAAB+XicbVDLSsNAFJ34rPUVdeHCzWARXEhJRFA3UtCFywrGFtpSJtObdujkwcyNUNL+jG5EdOVv+AP+jdOYhbaeuzn3njMw5/iJFBod58taWFxaXlktrZXXNza3tu2d3Qcdp4qDx2MZq6bPNEgRgYcCJTQTBSz0JTT84fVUbzyC0iKO7nGUQCdk/UgEgjM0p669T9sSAhxT9yQf2laiP8Crrl1xqk4OOk/cglRIgXrX/mz3Yp6GECGXTOuW6yTYyZhCwSVMyu1UQ8L4kPWhZWjEQtCdLA8woUdBrCgOgOb7b2/GQq1HoW88IcOBntWmx/+0VorBRScTUZIiRNxYjBakkmJMpz3QnlDAUY4MYVwJ80vKB0wxjqatsonvzoadJ95p9bLq3p1VajdFDyVyQA7JMXHJOamRW1InHuFkQp7JG3m3xtaT9WK9/lgXrOLNHvkD6+MbyVqR3w==</latexit>

Decoding gadget

Goal:  Construct linear optical circuit     from     such thatL<latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit><latexit sha1_base64="0+Q/qk0T/kcf0GtcIXTmykltPuo=">AAAB4XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIvizKrhx4aIFYwttKJPpTTt0JgkzE6GEvoBuRHTlK/kCvo3TmoW2ntU395yBe26YCq6N6345pZXVtfWN8mZla3tnd6+6f/Cgk0wx9FkiEtUJqUbBY/QNNwI7qUIqQ4HtcHwz89uPqDRP4nszSTGQdBjziDNq7Kh116/W3Lo7F1kGr4AaFGr2q5+9QcIyibFhgmrd9dzUBDlVhjOB00ov05hSNqZD7FqMqUQd5PNFp+QkShQxIyTz9+9sTqXWExnajKRmpBe92fA/r5uZ6DLIeZxmBmNmI9aLMkFMQmZ9yYArZEZMLFCmuN2SsBFVlBl7lYqt7y2WXQb/rH5V91rntcZ1cYcyHMExnIIHF9CAW2iCDwwQnuEN3p2B8+S8OK8/0ZJT/DmEP3I+vgEICIox</latexit>

Q
<latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit><latexit sha1_base64="sDs9AiW2o1Oq+yKlAlu3ISbO3Bs=">AAAB4XicbZDLSgNBEEVr4ivGV9Slm8YguAozIvhYBdy4TMAxgWQIPZ2apEnPg+4aIYT8gG5EdOUv+QP+jZ04C43e1em6t6FuhZmShlz30ymtrK6tb5Q3K1vbO7t71f2De5PmWqAvUpXqTsgNKpmgT5IUdjKNPA4VtsPxzdxvP6A2Mk3uaJJhEPNhIiMpONlRq9Wv1ty6uxD7C14BNSjU7Fc/eoNU5DEmJBQ3puu5GQVTrkkKhbNKLzeYcTHmQ+xaTHiMJpguFp2xkyjVjEbIFu+f2SmPjZnEoc3EnEZm2ZsP//O6OUWXwVQmWU6YCBuxXpQrRimb92UDqVGQmljgQku7JRMjrrkge5WKre8tl/0L/ln9qu61zmuN6+IOZTiCYzgFDy6gAbfQBB8EIDzBK7w5A+fReXZevqMlp/hzCL/kvH8BD3mKNg==</latexit>

! 1, 1, . . . , 1| ! (L ) |1, 1, . . . , 1" # ! 0á á á0| Q |0á á á0"
<latexit sha1_base64="F92Y2jlKnr3yp0Wka2OfQKX15Qo="></latexit><latexit sha1_base64="7zL1qKQm+nGP3xTw0MYDvrgabOw="></latexit><latexit sha1_base64="7zL1qKQm+nGP3xTw0MYDvrgabOw="></latexit><latexit sha1_base64="SR9cgGXZybs9KyRt9AS30DW0/As="></latexit>



Putting it all together

Theorem:

unitary

! C

2n = !0. . . 0| Q |0. . . 0"
<latexit sha1_base64="mE5sVqezhlwMRXB6UBbXr75pphA="></latexit><latexit sha1_base64="mE5sVqezhlwMRXB6UBbXr75pphA="></latexit><latexit sha1_base64="mE5sVqezhlwMRXB6UBbXr75pphA="></latexit><latexit sha1_base64="mE5sVqezhlwMRXB6UBbXr75pphA="></latexit>

= ( !
"

6)n

!

3

"
3
2

# !

#1, . . . , 1| ! (L ) |1, . . . , 1$
<latexit sha1_base64="re+nmf78f91Hf4KfjdTReWJ72JU="></latexit><latexit sha1_base64="re+nmf78f91Hf4KfjdTReWJ72JU="></latexit><latexit sha1_base64="re+nmf78f91Hf4KfjdTReWJ72JU="></latexit><latexit sha1_base64="re+nmf78f91Hf4KfjdTReWJ72JU="></latexit>

= ( !
"

6)n

!

3

"
3
2

# !

per(L )
<latexit sha1_base64="wjau2UJ9PcVBLrqznpsnHCeW0nw="></latexit><latexit sha1_base64="wjau2UJ9PcVBLrqznpsnHCeW0nw="></latexit><latexit sha1_base64="wjau2UJ9PcVBLrqznpsnHCeW0nw="></latexit><latexit sha1_base64="wjau2UJ9PcVBLrqznpsnHCeW0nw="></latexit>

E =
1

!
6

!

"

!
2 "

!
2

!
2

0
!

3
!

3
" 2 " 1 1

#

$

<latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit><latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit><latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit><latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit>

How do you Þnd gadgets?

1. Guess transformation"

2. Use constraint solver



Permanent hardness over Þnite Þelds

Theorem:  Permanent is       -hard for unitary matrices.

Theorem:   Let               be prime. There exists a Þnite Þeld of characteristic   , 
namely       , such that the permanent of an orthogonal matrix in        is             -
hard.

p != 2 , 3
<latexit sha1_base64="5VXH2xwdbP5Toxeeiu9hTtAgc4U=">AAAB6nicbZDLTgIxFIbPgBfEG152bhqJiQtDZnDhZUXixiUmjhBhQjrlAA2dzth2TAgh8R10Y4yufA6fwBfwbSzgQsF/9fX8f5PznzARXBvX/XIy2YXFpeXcSn51bX1js7C1faPjVDH0WSxiVQ+pRsEl+oYbgfVEIY1CgbWwfzH2a/eoNI/ltRkkGES0K3mHM2rs6DYhTYl3pHx03CoU3ZI7EZkH7weKld2P7AMAVFuFz2Y7ZmmE0jBBtW54bmKCIVWGM4GjfDPVmFDWp11sWJQ0Qh0MJxuPyEEnVsT0kEzev7NDGmk9iEKbiajp6VlvPPzPa6SmcxoMuUxSg5LZiPU6qSAmJuPipM0VMiMGFihT3G5JWI8qyow9T97W92bLzoNfLp2VvCt7hnOYKgd7sA+H4MEJVOASquADAwlP8ApvTuQ8Os/OyzSacX7+7MAfOe/fUZSOsQ==</latexit><latexit sha1_base64="dOEUNYsPvwZ1A9LmOhfI94alUfc=">AAAB6nicbZDLTgIxFIY74AXxhpedm0Zi4sKQGVx4WZG4cYmJI0SYkE45QEOnU9uOCZnwFLoxRlc+h2sX+gC+jeWyUPBffT3/3+T8J5ScaeO6304mu7C4tJxbya+urW9sFra2b3ScKAo+jXms6iHRwJkA3zDDoS4VkCjkUAv7FyO/dg9Ks1hcm4GEICJdwTqMEmNHtxI3Bdzh8tFxq1B0S+5YeB68KRQru+9Z+fWRVFuFz2Y7pkkEwlBOtG54rjRBSpRhlMMw30w0SEL7pAsNi4JEoIN0vPEQH3RihU0P8Pj9O5uSSOtBFNpMRExPz3qj4X9eIzGd0yBlQiYGBLUR63USjk2MR8Vxmymghg8sEKqY3RLTHlGEGnuevK3vzZadB79cOit5V/YM52iiHNpD++gQeegEVdAlqiIfUSTQI3pBr07kPDhPzvMkmnGmf3bQHzlvP+gQkKs=</latexit><latexit sha1_base64="dOEUNYsPvwZ1A9LmOhfI94alUfc=">AAAB6nicbZDLTgIxFIY74AXxhpedm0Zi4sKQGVx4WZG4cYmJI0SYkE45QEOnU9uOCZnwFLoxRlc+h2sX+gC+jeWyUPBffT3/3+T8J5ScaeO6304mu7C4tJxbya+urW9sFra2b3ScKAo+jXms6iHRwJkA3zDDoS4VkCjkUAv7FyO/dg9Ks1hcm4GEICJdwTqMEmNHtxI3Bdzh8tFxq1B0S+5YeB68KRQru+9Z+fWRVFuFz2Y7pkkEwlBOtG54rjRBSpRhlMMw30w0SEL7pAsNi4JEoIN0vPEQH3RihU0P8Pj9O5uSSOtBFNpMRExPz3qj4X9eIzGd0yBlQiYGBLUR63USjk2MR8Vxmymghg8sEKqY3RLTHlGEGnuevK3vzZadB79cOit5V/YM52iiHNpD++gQeegEVdAlqiIfUSTQI3pBr07kPDhPzvMkmnGmf3bQHzlvP+gQkKs=</latexit><latexit sha1_base64="hsuhItfv5D/uHlaYpvuIrcEqcIk=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxcWHIDC78WZG4cYmJI0SYkE65QEOnM7YdEzLhKXRjjK58HF/At7HgLBQ8q6/3nCb33DARXBvX/XIKS8srq2vF9dLG5tb2Tnl3707HqWLos1jEqhVSjYJL9A03AluJQhqFApvh6GrqNx9RaR7LWzNOMIjoQPI+Z9TY0X1COhIfSO3ktFuuuFV3JrIIXg4VyNXolj87vZilEUrDBNW67bmJCTKqDGcCJ6VOqjGhbEQH2LYoaYQ6yGYbT8hRP1bEDJHM3r+zGY20HkehzUTUDPW8Nx3+57VT0z8PMi6T1KBkNmK9fiqIicm0OOlxhcyIsQXKFLdbEjakijJjz1Oy9b35sovg16oXVe/GrdQv8zsU4QAO4Rg8OIM6XEMDfGAg4Rne4N2JnCfnxXn9iRac/M8+/JHz8Q05lo0c</latexit>

p
<latexit sha1_base64="jAPbkJ8QtxrX6cAAY9uF8CcKnMM=">AAAB4nicbZC7TsMwFIZPWi6l3MplY7GokJiqhIXLVImFsSACldqoctyT1qoTR7aDVEWV2GFBCCaehSfgBXgb3MsALf/0+fy/pfOfMBVcG9f9dgrFpeWV1dJaeX1jc2u7srN7p2WmGPpMCqmaIdUoeIK+4UZgM1VI41DgfTi4HPv3D6g0l8mtGaYYxLSX8IgzauzoJiWdStWtuRORRfBmUK3vfxYfAaDRqXy1u5JlMSaGCap1y3NTE+RUGc4EjsrtTGNK2YD2sGUxoTHqIJ9sOiJHkVTE9JFM3r+zOY21HsahzcTU9PW8Nx7+57UyE50FOU/SzGDCbMR6USaIkWRcmHS5QmbE0AJlitstCetTRZmxZynb+t582UXwT2rnNe/anuECpirBARzCMXhwCnW4ggb4wCCCZ3iDdwedJ+fFeZ1GC87szx78kfPxA6lHjBA=</latexit><latexit sha1_base64="S/BCL9DeYNhQv6QDSkRcCRTVlC8=">AAAB4nicbZC7TgJBFIbPghfEG146m4nExIrs2nipSGws0bhCAhsyO5yFCbO7k5lZE0J4Am2M0cpnsbbQB/BtHC6Fgn/1zfn/Sc5/Qim4Nq777eTyS8srq4W14vrG5tZ2aWf3TqeZYuizVKSqEVKNgifoG24ENqRCGocC62H/cuzX71Fpnia3ZiAxiGk34RFn1NjRjSTtUtmtuBORRfBmUK7uv+fl10dWa5c+W52UZTEmhgmqddNzpQmGVBnOBI6KrUyjpKxPu9i0mNAYdTCcbDoiR1GqiOkhmbx/Z4c01noQhzYTU9PT8954+J/XzEx0Fgx5IjODCbMR60WZICYl48KkwxUyIwYWKFPcbklYjyrKjD1L0db35ssugn9SOa941/YMFzBVAQ7gEI7Bg1OowhXUwAcGETzCC7w66Dw4T87zNJpzZn/24I+ctx8/0o4K</latexit><latexit sha1_base64="S/BCL9DeYNhQv6QDSkRcCRTVlC8=">AAAB4nicbZC7TgJBFIbPghfEG146m4nExIrs2nipSGws0bhCAhsyO5yFCbO7k5lZE0J4Am2M0cpnsbbQB/BtHC6Fgn/1zfn/Sc5/Qim4Nq777eTyS8srq4W14vrG5tZ2aWf3TqeZYuizVKSqEVKNgifoG24ENqRCGocC62H/cuzX71Fpnia3ZiAxiGk34RFn1NjRjSTtUtmtuBORRfBmUK7uv+fl10dWa5c+W52UZTEmhgmqddNzpQmGVBnOBI6KrUyjpKxPu9i0mNAYdTCcbDoiR1GqiOkhmbx/Z4c01noQhzYTU9PT8954+J/XzEx0Fgx5IjODCbMR60WZICYl48KkwxUyIwYWKFPcbklYjyrKjD1L0db35ssugn9SOa941/YMFzBVAQ7gEI7Bg1OowhXUwAcGETzCC7w66Dw4T87zNJpzZn/24I+ctx8/0o4K</latexit><latexit sha1_base64="LZgTOVYAKtuqMvc2KbpR1w/cTXk=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNz5WJG5conGEBAjpaWqgQ88j3TUmZMIX6MYYXflJ/oB/Y4OzUPCuTte9ndStIFXSkOt+OaWV1bX1jfJmZWt7Z3evun/wYJJMC/RFohLdDrhBJWP0SZLCdqqRR4HCVjC+nvmtR9RGJvE9TVLsRXwYy1AKTnZ0l7J+tebW3bnYMngF1KBQs1/97A4SkUUYk1DcmI7nptTLuSYpFE4r3cxgysWYD7FjMeYRml4+33TKTsJEMxohm79/Z3MeGTOJApuJOI3Mojcb/ud1MgovermM04wwFjZivTBTjBI2K8wGUqMgNbHAhZZ2SyZGXHNB9iwVW99bLLsM/ln9su7durXGVXGHMhzBMZyCB+fQgBtogg8CQniGN3h30HlyXpzXn2jJKf4cwh85H9+RSYp7</latexit>

Fp4
<latexit sha1_base64="Mtsvf8+q9nVnB0q0gk8Xs7VW7zM=">AAAB8nicbVDLSgNBEOyNj8T4WvXoZTAInsKuCD5OAUE8RnBNIIlhdtJJhsw+mJkNhGU/w5NeRPTkp/gD/o2zSQ6aWKfqrmqoLj8WXGnH+bYKK6tr68XSRnlza3tn197bf1BRIhl6LBKRbPpUoeAhepprgc1YIg18gQ1/dJ3rjTFKxaPwXk9i7AR0EPI+Z1SbVde22wHVQ99Pb7JuGj+eZV274lSdKcgyceekUiNPRQIA9a791e5FLAkw1ExQpVquE+tOSqXmTGBWbicKY8pGdIAtQ0MaoOqk0+QZOe5Hkughkun825vSQKlJ4BtPnlAtavnyP62V6P5FJ+VhnGgMmbEYrZ8IoiOSF0B6XCLTYmIIZZKblIQNqaRMm5rK5n138dll4p1WL6vunanhCmYowSEcwQm4cA41uIU6eMBgDC/wDh9WYj1br9bbzFqw5jcH8AfW5w9eJZIl</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="i1/2DeENNDFi0YBx92ZUo9rISPo=">AAAB8nicbVDLSsNAFL3xWesr6tJNsAiuSiKCj1VBEJcVjC20MUymN+3QyYOZSaGEfIluRHTlp/gD/o2TmoW2ntW595wL554g5Uwq2/4ylpZXVtfWaxv1za3tnV1zb/9BJpmg6NKEJ6IbEImcxegqpjh2U4EkCjh2gvF1qXcmKCRL4ns1TdGLyDBmIaNE6ZVvmv2IqFEQ5DeFn6ePZ4VvNuymPYO1SJyKNKBC2zc/+4OEZhHGinIiZc+xU+XlRChGORb1fiYxJXRMhtjTNCYRSi+fJS+s4zARlhqhNZt/e3MSSTmNAu0pE8p5rVz+p/UyFV54OYvTTGFMtUVrYcYtlVhlAdaACaSKTzUhVDCd0qIjIghVuqa6ft+Zf3aRuKfNy6ZzZzdaV1UPNTiEIzgBB86hBbfQBhcoTOAZ3uDdyIwn48V4/bEuGdXNAfyB8fEN5ZqRCQ==</latexit>

Fp4
<latexit sha1_base64="Mtsvf8+q9nVnB0q0gk8Xs7VW7zM=">AAAB8nicbVDLSgNBEOyNj8T4WvXoZTAInsKuCD5OAUE8RnBNIIlhdtJJhsw+mJkNhGU/w5NeRPTkp/gD/o2zSQ6aWKfqrmqoLj8WXGnH+bYKK6tr68XSRnlza3tn197bf1BRIhl6LBKRbPpUoeAhepprgc1YIg18gQ1/dJ3rjTFKxaPwXk9i7AR0EPI+Z1SbVde22wHVQ99Pb7JuGj+eZV274lSdKcgyceekUiNPRQIA9a791e5FLAkw1ExQpVquE+tOSqXmTGBWbicKY8pGdIAtQ0MaoOqk0+QZOe5Hkughkun825vSQKlJ4BtPnlAtavnyP62V6P5FJ+VhnGgMmbEYrZ8IoiOSF0B6XCLTYmIIZZKblIQNqaRMm5rK5n138dll4p1WL6vunanhCmYowSEcwQm4cA41uIU6eMBgDC/wDh9WYj1br9bbzFqw5jcH8AfW5w9eJZIl</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="B9bWPgti3k2AlcluzFoEteK4q8I=">AAAB8nicbVDLSsNAFL2pj9b6irp0M1gEVyURwceqIIjLCsYW2hgm00k7dPJgZlIoIct+givdiOjKjf/hD/g3TloX2npW595zLpx7/IQzqSzryygtLa+slitr1fWNza1tc2f3TsapINQhMY9F28eSchZRRzHFaTsRFIc+py1/eFnorREVksXRrRon1A1xP2IBI1jplWea3RCrge9nV7mXJfcnuWfWrLo1BVok9g+pNdBDGU0+Jk3P/Oz2YpKGNFKEYyk7tpUoN8NCMcJpXu2mkiaYDHGfdjSNcEilm02T5+gwiAVSA4qm829vhkMpx6GvPUVCOa8Vy/+0TqqCMzdjUZIqGhFt0VqQcqRiVBSAekxQovhYE0wE0ykRGWCBidI1VfX79vyzi8Q5rp/X7RtdwwXMUIF9OIAjsOEUGnANTXCAwAie4BXejNR4NJ6Nl5m1ZPzc7MEfGO/fofiT4A==</latexit><latexit sha1_base64="i1/2DeENNDFi0YBx92ZUo9rISPo=">AAAB8nicbVDLSsNAFL3xWesr6tJNsAiuSiKCj1VBEJcVjC20MUymN+3QyYOZSaGEfIluRHTlp/gD/o2TmoW2ntW595wL554g5Uwq2/4ylpZXVtfWaxv1za3tnV1zb/9BJpmg6NKEJ6IbEImcxegqpjh2U4EkCjh2gvF1qXcmKCRL4ns1TdGLyDBmIaNE6ZVvmv2IqFEQ5DeFn6ePZ4VvNuymPYO1SJyKNKBC2zc/+4OEZhHGinIiZc+xU+XlRChGORb1fiYxJXRMhtjTNCYRSi+fJS+s4zARlhqhNZt/e3MSSTmNAu0pE8p5rVz+p/UyFV54OYvTTGFMtUVrYcYtlVhlAdaACaSKTzUhVDCd0qIjIghVuqa6ft+Zf3aRuKfNy6ZzZzdaV1UPNTiEIzgBB86hBbfQBhcoTOAZ3uDdyIwn48V4/bEuGdXNAfyB8fEN5ZqRCQ==</latexit>

ModpP
<latexit sha1_base64="6ImISGis8kOl+QI2cvpMBW2EB7k=">AAAB+nicbVDLSsNAFL3xWesr6kYQZLAIrkrixseqIIgboYKxhTbUyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdO0grae1bn3nAv3nCDhTGnH+bLm5hcWl5ZLK+XVtfWNTXtr+06JVBLqEcGFbAZYUc5i6mmmOW0mkuIo4LQRDC5GeuOBSsVEfKuHCfUj3ItZyAjWZtWxd9sR1n0VZteim3eSn6med+yKU3UKoFniTkiltn+Z3QNAvWN/truCpBGNNeFYqZbrJNrPsNSMcJqX26miCSYD3KMtQ2McUeVnRYIcHYZCIt2nqJh/ezMcKTWMAuMpfpvWRsv/tFaqw1M/Y3GSahoTYzFamHKkBRoVgbpMUqL50BBMJDNfItLHEhNt6iqb+O502FniHVfPqu6NqeEcxijBHhzAEbhwAjW4gjp4QOARnuEN3q3cerJerNexdc6a3OzAH1gf35IdlmQ=</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="JaGqHLNsRpS5SbWjqrUteb2DqTQ=">AAAB+nicbVDLSsNAFL2pr1pfUTeCm8EiuCqJGx+rghs3QgWjhTaEyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdMYQVvP6tx7zoV7TphyprTjfFq1hcWl5ZX6amNtfWNzy97euVUik4R6RHAhuyFWlLOEepppTruppDgOOb0LxxdT/e6eSsVEcqMnKfVjPExYxAjWZhXYe/0Y65GK8isxKIL0Z+oUgd10Wk4JNE/cijShQiewP/oDQbKYJppwrFTPdVLt51hqRjgtGv1M0RSTMR7SnqEJjqny8zJBgQ4jIZEeUVTOv705jpWaxKHxlL/NatPlf1ov09Gpn7MkzTRNiLEYLco40gJNi0ADJinRfGIIJpKZLxEZYYmJNnU1THx3Nuw88Y5bZy332mm2z6se6rAPB3AELpxAGy6hAx4QeIAneIU3q7AerWfr5dtas6qbXfgD6/0Ll2+U5Q==</latexit>
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<latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit><latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit><latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit><latexit sha1_base64="phayDtqAADQMpJAFqlrvjpSSlxw="></latexit>

Proof:  Inspect gadgets carefully
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<latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="Tuu/TjVXQ4FLDdN+p01m7Kfa00I="></latexit><latexit sha1_base64="Tuu/TjVXQ4FLDdN+p01m7Kfa00I="></latexit><latexit sha1_base64="WNjZFSK+4VDezASI4chRJDIORMc="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit><latexit sha1_base64="isAa1mN4Q+oQIPOyEzepMn5zbSM="></latexit>

# P
<latexit sha1_base64="U1s6Fwh1qBhMjmjzAAtRZNQQc40=">AAAB7XicbVDLSsNAFL2pr1pfVZduBoPgqiQi+FgV3LisYLTQhDKZ3rRDJw9nJkIJ/Q3diOjKn/EH/BunMQttPatz7zkXzrlhJrjSjvNl1ZaWV1bX6uuNjc2t7Z3m7t6dSnPJ0GOpSGU3pAoFT9DTXAvsZhJpHAq8D8dXM/3+EaXiaXKrJxkGMR0mPOKMarMKfJv4MdUjFRWdab9pOy2nBFkkbkVsqNDpNz/9QcryGBPNBFWq5zqZDgoqNWcCpw0/V5hRNqZD7Bma0BhVUJShp+QoSiXRIyTl/Ntb0FipSRwaT5ltXpst/9N6uY7Og4InWa4xYcZitCgXRKdk1p0MuESmxcQQyiQ3KQkbUUmZNh9qmPrufNlF4p20Llruzandvqz+UIcDOIRjcOEM2nANHfCAwQM8wxu8W5n1ZL1Yrz/WmlXd7MMfWB/fhlKPIw==</latexit><latexit sha1_base64="U1s6Fwh1qBhMjmjzAAtRZNQQc40=">AAAB7XicbVDLSsNAFL2pr1pfVZduBoPgqiQi+FgV3LisYLTQhDKZ3rRDJw9nJkIJ/Q3diOjKn/EH/BunMQttPatz7zkXzrlhJrjSjvNl1ZaWV1bX6uuNjc2t7Z3m7t6dSnPJ0GOpSGU3pAoFT9DTXAvsZhJpHAq8D8dXM/3+EaXiaXKrJxkGMR0mPOKMarMKfJv4MdUjFRWdab9pOy2nBFkkbkVsqNDpNz/9QcryGBPNBFWq5zqZDgoqNWcCpw0/V5hRNqZD7Bma0BhVUJShp+QoSiXRIyTl/Ntb0FipSRwaT5ltXpst/9N6uY7Og4InWa4xYcZitCgXRKdk1p0MuESmxcQQyiQ3KQkbUUmZNh9qmPrufNlF4p20Llruzandvqz+UIcDOIRjcOEM2nANHfCAwQM8wxu8W5n1ZL1Yrz/WmlXd7MMfWB/fhlKPIw==</latexit><latexit sha1_base64="U1s6Fwh1qBhMjmjzAAtRZNQQc40=">AAAB7XicbVDLSsNAFL2pr1pfVZduBoPgqiQi+FgV3LisYLTQhDKZ3rRDJw9nJkIJ/Q3diOjKn/EH/BunMQttPatz7zkXzrlhJrjSjvNl1ZaWV1bX6uuNjc2t7Z3m7t6dSnPJ0GOpSGU3pAoFT9DTXAvsZhJpHAq8D8dXM/3+EaXiaXKrJxkGMR0mPOKMarMKfJv4MdUjFRWdab9pOy2nBFkkbkVsqNDpNz/9QcryGBPNBFWq5zqZDgoqNWcCpw0/V5hRNqZD7Bma0BhVUJShp+QoSiXRIyTl/Ntb0FipSRwaT5ltXpst/9N6uY7Og4InWa4xYcZitCgXRKdk1p0MuESmxcQQyiQ3KQkbUUmZNh9qmPrufNlF4p20Llruzandvqz+UIcDOIRjcOEM2nANHfCAwQM8wxu8W5n1ZL1Yrz/WmlXd7MMfWB/fhlKPIw==</latexit><latexit sha1_base64="U1s6Fwh1qBhMjmjzAAtRZNQQc40=">AAAB7XicbVDLSsNAFL2pr1pfVZduBoPgqiQi+FgV3LisYLTQhDKZ3rRDJw9nJkIJ/Q3diOjKn/EH/BunMQttPatz7zkXzrlhJrjSjvNl1ZaWV1bX6uuNjc2t7Z3m7t6dSnPJ0GOpSGU3pAoFT9DTXAvsZhJpHAq8D8dXM/3+EaXiaXKrJxkGMR0mPOKMarMKfJv4MdUjFRWdab9pOy2nBFkkbkVsqNDpNz/9QcryGBPNBFWq5zqZDgoqNWcCpw0/V5hRNqZD7Bma0BhVUJShp+QoSiXRIyTl/Ntb0FipSRwaT5ltXpst/9N6uY7Og4InWa4xYcZitCgXRKdk1p0MuESmxcQQyiQ3KQkbUUmZNh9qmPrufNlF4p20Llruzandvqz+UIcDOIRjcOEM2nANHfCAwQM8wxu8W5n1ZL1Yrz/WmlXd7MMfWB/fhlKPIw==</latexit>

All entries in Q(! )
<latexit sha1_base64="mZG17q8t7mq8mlXgG6hIsDARYrc=">AAAB9HicdVDLSsNAFJ3UV62vWJduBotQNyGpfcVVwY3LFowVmlAm00k7dPJgZqKW0E/RjYiu/BJ/wL9xUiuo6Fmde8+5cO7xE0aFNM13rbCyura+UdwsbW3v7O7p++UrEaccEwfHLObXPhKE0Yg4kkpGrhNOUOgz0ven57nevyFc0Di6lLOEeCEaRzSgGEm1GuplN0Ry4vtZb151EUsm6GSoV0zDbNaarVNoGo1Gvda2FLFtu1VrQMswF6iAJbpD/c0dxTgNSSQxQ0IMLDORXoa4pJiReclNBUkQnqIxGSgaoZAIL1tkn8PjIOZQTghczN+9GQqFmIW+8uQZxW8tX/6lDVIZtL2MRkkqSYSVRWlByqCMYV4BHFFOsGQzRRDmVKWEeII4wlIVVVLvf/0I/ydOzbANq1evdM6WPRTBITgCVWCBFuiAC9AFDsDgDjyAZ/Ci3Wr32qP29GktaMubA/AD2usHUoSR4A==</latexit><latexit sha1_base64="mZG17q8t7mq8mlXgG6hIsDARYrc=">AAAB9HicdVDLSsNAFJ3UV62vWJduBotQNyGpfcVVwY3LFowVmlAm00k7dPJgZqKW0E/RjYiu/BJ/wL9xUiuo6Fmde8+5cO7xE0aFNM13rbCyura+UdwsbW3v7O7p++UrEaccEwfHLObXPhKE0Yg4kkpGrhNOUOgz0ven57nevyFc0Di6lLOEeCEaRzSgGEm1GuplN0Ry4vtZb151EUsm6GSoV0zDbNaarVNoGo1Gvda2FLFtu1VrQMswF6iAJbpD/c0dxTgNSSQxQ0IMLDORXoa4pJiReclNBUkQnqIxGSgaoZAIL1tkn8PjIOZQTghczN+9GQqFmIW+8uQZxW8tX/6lDVIZtL2MRkkqSYSVRWlByqCMYV4BHFFOsGQzRRDmVKWEeII4wlIVVVLvf/0I/ydOzbANq1evdM6WPRTBITgCVWCBFuiAC9AFDsDgDjyAZ/Ci3Wr32qP29GktaMubA/AD2usHUoSR4A==</latexit><latexit sha1_base64="mZG17q8t7mq8mlXgG6hIsDARYrc=">AAAB9HicdVDLSsNAFJ3UV62vWJduBotQNyGpfcVVwY3LFowVmlAm00k7dPJgZqKW0E/RjYiu/BJ/wL9xUiuo6Fmde8+5cO7xE0aFNM13rbCyura+UdwsbW3v7O7p++UrEaccEwfHLObXPhKE0Yg4kkpGrhNOUOgz0ven57nevyFc0Di6lLOEeCEaRzSgGEm1GuplN0Ry4vtZb151EUsm6GSoV0zDbNaarVNoGo1Gvda2FLFtu1VrQMswF6iAJbpD/c0dxTgNSSQxQ0IMLDORXoa4pJiReclNBUkQnqIxGSgaoZAIL1tkn8PjIOZQTghczN+9GQqFmIW+8uQZxW8tX/6lDVIZtL2MRkkqSYSVRWlByqCMYV4BHFFOsGQzRRDmVKWEeII4wlIVVVLvf/0I/ydOzbANq1evdM6WPRTBITgCVWCBFuiAC9AFDsDgDjyAZ/Ci3Wr32qP29GktaMubA/AD2usHUoSR4A==</latexit><latexit sha1_base64="mZG17q8t7mq8mlXgG6hIsDARYrc=">AAAB9HicdVDLSsNAFJ3UV62vWJduBotQNyGpfcVVwY3LFowVmlAm00k7dPJgZqKW0E/RjYiu/BJ/wL9xUiuo6Fmde8+5cO7xE0aFNM13rbCyura+UdwsbW3v7O7p++UrEaccEwfHLObXPhKE0Yg4kkpGrhNOUOgz0ven57nevyFc0Di6lLOEeCEaRzSgGEm1GuplN0Ry4vtZb151EUsm6GSoV0zDbNaarVNoGo1Gvda2FLFtu1VrQMswF6iAJbpD/c0dxTgNSSQxQ0IMLDORXoa4pJiReclNBUkQnqIxGSgaoZAIL1tkn8PjIOZQTghczN+9GQqFmIW+8uQZxW8tX/6lDVIZtL2MRkkqSYSVRWlByqCMYV4BHFFOsGQzRRDmVKWEeII4wlIVVVLvf/0I/ydOzbANq1evdM6WPRTBITgCVWCBFuiAC9AFDsDgDjyAZ/Ci3Wr32qP29GktaMubA/AD2usHUoSR4A==</latexit>

! =
!

2 +
!

2 +
!

3 +
!

6
<latexit sha1_base64="XZAg5vkmDsT+amPiXdVIbbgof9s=">AAACFHicdZBLSwMxFIUz9VXrq+rSTbAIgjDMTN+CUHDjsoJjC52hZNK0Dc08TDJCGeZ36J/RjYguxL3/xrS2RUXv6ss9J3DP8SJGhTSMDy2ztLyyupZdz21sbm3v5Hf3rkUYc0xsHLKQtz0kCKMBsSWVjLQjTpDvMdLyRucTvXVLuKBhcCXHEXF9NAhon2Ik1aqbtxzEoiGCZ9ARN1wmFjyZU5ouuLigSpp28wVDNypWpVqEhl4ul6yaqaBer1etMjR1YzoFMJtmN//m9EIc+ySQmCEhOqYRSTdBXFLMSJpzYkEihEdoQDoKA+QT4SbTbCk86occyiGB0/d3b4J8Ica+pzw+kkPxW5ss/9I6sezX3IQGUSxJgJVFaf2YQRnCSUWwRznBko0VIMypuhLiIeIIS1VkTsWfZ4T/g23pdd28LBUap7MesuAAHIJjYIIqaIAL0AQ2wOAePIIX8KrdaQ/ak/b8Zc1osz/74Mdo758wtZ2/</latexit><latexit sha1_base64="XZAg5vkmDsT+amPiXdVIbbgof9s=">AAACFHicdZBLSwMxFIUz9VXrq+rSTbAIgjDMTN+CUHDjsoJjC52hZNK0Dc08TDJCGeZ36J/RjYguxL3/xrS2RUXv6ss9J3DP8SJGhTSMDy2ztLyyupZdz21sbm3v5Hf3rkUYc0xsHLKQtz0kCKMBsSWVjLQjTpDvMdLyRucTvXVLuKBhcCXHEXF9NAhon2Ik1aqbtxzEoiGCZ9ARN1wmFjyZU5ouuLigSpp28wVDNypWpVqEhl4ul6yaqaBer1etMjR1YzoFMJtmN//m9EIc+ySQmCEhOqYRSTdBXFLMSJpzYkEihEdoQDoKA+QT4SbTbCk86occyiGB0/d3b4J8Ica+pzw+kkPxW5ss/9I6sezX3IQGUSxJgJVFaf2YQRnCSUWwRznBko0VIMypuhLiIeIIS1VkTsWfZ4T/g23pdd28LBUap7MesuAAHIJjYIIqaIAL0AQ2wOAePIIX8KrdaQ/ak/b8Zc1osz/74Mdo758wtZ2/</latexit><latexit sha1_base64="XZAg5vkmDsT+amPiXdVIbbgof9s=">AAACFHicdZBLSwMxFIUz9VXrq+rSTbAIgjDMTN+CUHDjsoJjC52hZNK0Dc08TDJCGeZ36J/RjYguxL3/xrS2RUXv6ss9J3DP8SJGhTSMDy2ztLyyupZdz21sbm3v5Hf3rkUYc0xsHLKQtz0kCKMBsSWVjLQjTpDvMdLyRucTvXVLuKBhcCXHEXF9NAhon2Ik1aqbtxzEoiGCZ9ARN1wmFjyZU5ouuLigSpp28wVDNypWpVqEhl4ul6yaqaBer1etMjR1YzoFMJtmN//m9EIc+ySQmCEhOqYRSTdBXFLMSJpzYkEihEdoQDoKA+QT4SbTbCk86occyiGB0/d3b4J8Ica+pzw+kkPxW5ss/9I6sezX3IQGUSxJgJVFaf2YQRnCSUWwRznBko0VIMypuhLiIeIIS1VkTsWfZ4T/g23pdd28LBUap7MesuAAHIJjYIIqaIAL0AQ2wOAePIIX8KrdaQ/ak/b8Zc1osz/74Mdo758wtZ2/</latexit><latexit sha1_base64="XZAg5vkmDsT+amPiXdVIbbgof9s=">AAACFHicdZBLSwMxFIUz9VXrq+rSTbAIgjDMTN+CUHDjsoJjC52hZNK0Dc08TDJCGeZ36J/RjYguxL3/xrS2RUXv6ss9J3DP8SJGhTSMDy2ztLyyupZdz21sbm3v5Hf3rkUYc0xsHLKQtz0kCKMBsSWVjLQjTpDvMdLyRucTvXVLuKBhcCXHEXF9NAhon2Ik1aqbtxzEoiGCZ9ARN1wmFjyZU5ouuLigSpp28wVDNypWpVqEhl4ul6yaqaBer1etMjR1YzoFMJtmN//m9EIc+ySQmCEhOqYRSTdBXFLMSJpzYkEihEdoQDoKA+QT4SbTbCk86occyiGB0/d3b4J8Ica+pzw+kkPxW5ss/9I6sezX3IQGUSxJgJVFaf2YQRnCSUWwRznBko0VIMypuhLiIeIIS1VkTsWfZ4T/g23pdd28LBUap7MesuAAHIJjYIIqaIAL0AQ2wOAePIIX8KrdaQ/ak/b8Zc1osz/74Mdo758wtZ2/</latexit>



Summarizing matrix permanent complexity 

Cn ! n
<latexit sha1_base64="sPW5meGezfDTe8QIMQfA6xeTZeA=">AAAB+XicbVC7TsNAEFzzDOFloKCgOREhUUU2DVARKRSUQSIkUmyi8+WcnHI+W3dnpMj4Q9IhaBCCiq9A4gf4Gy6PAhKmmt2Z1e5skHCmtON8WwuLS8srq4W14vrG5ta2vbN7q+JUElonMY9lM8CKciZoXTPNaTORFEcBp42gXx3pjXsqFYvFjR4k1I9wV7CQEaxNq23vexHWvSDIqvldJpCnWUQVEnnbLjllZww0T9wpKV18DoePAFBr219eJyZpRIUmHCvVcp1E+xmWmhFO86KXKppg0sdd2jJUYLPHz8YBcnQUxhLpHkXj+rc3w5FSgygwntGhalYbNf/TWqkOz/yMiSTVVBBjMVqYcqRjNPoD6jBJieYDQzCRzFyJSA9LTLT5VtHEd2fDzpP6Sfm87F47pcolTFCAAziEY3DhFCpwBTWoA4EcnuEN3q0H68l6sV4n1gVrOrMHf2B9/AC8xZbH</latexit><latexit sha1_base64="rTnUEu877Fh2hM5en4KQM4rJOAM=">AAAB+XicbVC7TsNAEDyHVwgvAwUFzYkIiSqyaYCKSKGgDBImkeIQnS+X5JTz2bpbI0XGHwIlNAhBxVcg8QP8DeckBSRMNbszq93ZIBZcg+N8W4WFxaXlleJqaW19Y3PL3t650VGiKPNoJCLVDIhmgkvmAQfBmrFiJAwEawTDWq437pjSPJLXMIpZOyR9yXucEjCtjr3nhwQGQZDWsttUYh94yDSWWccuOxVnDDxP3Ckpn38+5Hisd+wvvxvRJGQSqCBat1wnhnZKFHAqWFbyE81iQoekz1qGSmL2tNNxgAwf9iKFYcDwuP7tTUmo9SgMjCc/VM9qefM/rZVA77SdchknwCQ1FqP1EoEhwvkfcJcrRkGMDCFUcXMlpgOiCAXzrZKJ786GnSfeceWs4l455eoFmqCI9tEBOkIuOkFVdInqyEMUZegZvaF36956sl6s14m1YE1ndtEfWB8/Da6YjA==</latexit><latexit sha1_base64="rTnUEu877Fh2hM5en4KQM4rJOAM=">AAAB+XicbVC7TsNAEDyHVwgvAwUFzYkIiSqyaYCKSKGgDBImkeIQnS+X5JTz2bpbI0XGHwIlNAhBxVcg8QP8DeckBSRMNbszq93ZIBZcg+N8W4WFxaXlleJqaW19Y3PL3t650VGiKPNoJCLVDIhmgkvmAQfBmrFiJAwEawTDWq437pjSPJLXMIpZOyR9yXucEjCtjr3nhwQGQZDWsttUYh94yDSWWccuOxVnDDxP3Ckpn38+5Hisd+wvvxvRJGQSqCBat1wnhnZKFHAqWFbyE81iQoekz1qGSmL2tNNxgAwf9iKFYcDwuP7tTUmo9SgMjCc/VM9qefM/rZVA77SdchknwCQ1FqP1EoEhwvkfcJcrRkGMDCFUcXMlpgOiCAXzrZKJ786GnSfeceWs4l455eoFmqCI9tEBOkIuOkFVdInqyEMUZegZvaF36956sl6s14m1YE1ndtEfWB8/Da6YjA==</latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="AcZa3Wd1E5FqFt//XDOi0s/nm/o=">AAAB7nicbVBNT8JAFHzFL0TU6sWDl43ExBNpvag3Ey4eMREhoZVsly1s2G6b3VcTUvtn9GKM/hP/gP/GBTkoOKd5byZ5bybKpDDoeV9OZW19Y3Orul3bqe/u7bsH9XuT5prxDktlqnsRNVwKxTsoUPJepjlNIsm70aQ107uPXBuRqjucZjxM6EiJWDCKdjVwj4KE4jiKilb5UCgSoEi4IaocuA2v6c1BVom/IA1YoD1wP4NhyvKEK2SSGtP3vQzDgmoUTPKyFuSGZ5RN6Ij3LVXU3gmLeYCSnMapJjjmZD7/9hY0MWaaRNYze9Qsa7Plf1o/x/gyLITKcuSKWYvV4lwSTMmsBzIUmjOUU0so08J+SdiYasrQtlWz8f3lsKukc968avq3HlThGE7gDHy4gGu4gTZ0gEEJL/AOH86T8+y8/vRUcRaFHcIfOG/fmhiSiw==</latexit><latexit sha1_base64="AcZa3Wd1E5FqFt//XDOi0s/nm/o=">AAAB7nicbVBNT8JAFHzFL0TU6sWDl43ExBNpvag3Ey4eMREhoZVsly1s2G6b3VcTUvtn9GKM/hP/gP/GBTkoOKd5byZ5bybKpDDoeV9OZW19Y3Orul3bqe/u7bsH9XuT5prxDktlqnsRNVwKxTsoUPJepjlNIsm70aQ107uPXBuRqjucZjxM6EiJWDCKdjVwj4KE4jiKilb5UCgSoEi4IaocuA2v6c1BVom/IA1YoD1wP4NhyvKEK2SSGtP3vQzDgmoUTPKyFuSGZ5RN6Ij3LVXU3gmLeYCSnMapJjjmZD7/9hY0MWaaRNYze9Qsa7Plf1o/x/gyLITKcuSKWYvV4lwSTMmsBzIUmjOUU0so08J+SdiYasrQtlWz8f3lsKukc968avq3HlThGE7gDHy4gGu4gTZ0gEEJL/AOH86T8+y8/vRUcRaFHcIfOG/fmhiSiw==</latexit><latexit sha1_base64="bVVEJkjOIiBaN3773KSnbrIlRo4=">AAAB+XicbVC7TsMwFHV4lvIKMDCwWFRITFXCAmyVysBYJEIrNaFyXKe16jiRfYNUhfwMLAjBxG/wA/wNTskALWc6vudY954TpoJrcJwva2l5ZXVtvbZR39za3tm19/bvdJIpyjyaiET1QqKZ4JJ5wEGwXqoYiUPBuuGkXerdB6Y0T+QtTFMWxGQkecQpATMa2Id+TGAchnm7uM8l9oHHTGNZDOyG03RmwIvErUgDVegM7E9/mNAsZhKoIFr3XSeFICcKOBWsqPuZZimhEzJifUMlMXuCfBagwCdRojCMGZ69f3tzEms9jUPjKQ/V81o5/E/rZxBdBDmXaQZMUmMxWpQJDAkue8BDrhgFMTWEUMXNlZiOiSIUTFt1E9+dD7tIvLPmZdO9cRqtq6qHGjpCx+gUuegctdA16iAPUVSgZ/SG3q1H68l6sV5/rEtW9ecA/YH18Q32bZPt</latexit><latexit sha1_base64="bVVEJkjOIiBaN3773KSnbrIlRo4=">AAAB+XicbVC7TsMwFHV4lvIKMDCwWFRITFXCAmyVysBYJEIrNaFyXKe16jiRfYNUhfwMLAjBxG/wA/wNTskALWc6vudY954TpoJrcJwva2l5ZXVtvbZR39za3tm19/bvdJIpyjyaiET1QqKZ4JJ5wEGwXqoYiUPBuuGkXerdB6Y0T+QtTFMWxGQkecQpATMa2Id+TGAchnm7uM8l9oHHTGNZDOyG03RmwIvErUgDVegM7E9/mNAsZhKoIFr3XSeFICcKOBWsqPuZZimhEzJifUMlMXuCfBagwCdRojCMGZ69f3tzEms9jUPjKQ/V81o5/E/rZxBdBDmXaQZMUmMxWpQJDAkue8BDrhgFMTWEUMXNlZiOiSIUTFt1E9+dD7tIvLPmZdO9cRqtq6qHGjpCx+gUuegctdA16iAPUVSgZ/SG3q1H68l6sV5/rEtW9ecA/YH18Q32bZPt</latexit><latexit sha1_base64="rTnUEu877Fh2hM5en4KQM4rJOAM=">AAAB+XicbVC7TsNAEDyHVwgvAwUFzYkIiSqyaYCKSKGgDBImkeIQnS+X5JTz2bpbI0XGHwIlNAhBxVcg8QP8DeckBSRMNbszq93ZIBZcg+N8W4WFxaXlleJqaW19Y3PL3t650VGiKPNoJCLVDIhmgkvmAQfBmrFiJAwEawTDWq437pjSPJLXMIpZOyR9yXucEjCtjr3nhwQGQZDWsttUYh94yDSWWccuOxVnDDxP3Ckpn38+5Hisd+wvvxvRJGQSqCBat1wnhnZKFHAqWFbyE81iQoekz1qGSmL2tNNxgAwf9iKFYcDwuP7tTUmo9SgMjCc/VM9qefM/rZVA77SdchknwCQ1FqP1EoEhwvkfcJcrRkGMDCFUcXMlpgOiCAXzrZKJ786GnSfeceWs4l455eoFmqCI9tEBOkIuOkFVdInqyEMUZegZvaF36956sl6s14m1YE1ndtEfWB8/Da6YjA==</latexit><latexit sha1_base64="rTnUEu877Fh2hM5en4KQM4rJOAM=">AAAB+XicbVC7TsNAEDyHVwgvAwUFzYkIiSqyaYCKSKGgDBImkeIQnS+X5JTz2bpbI0XGHwIlNAhBxVcg8QP8DeckBSRMNbszq93ZIBZcg+N8W4WFxaXlleJqaW19Y3PL3t650VGiKPNoJCLVDIhmgkvmAQfBmrFiJAwEawTDWq437pjSPJLXMIpZOyR9yXucEjCtjr3nhwQGQZDWsttUYh94yDSWWccuOxVnDDxP3Ckpn38+5Hisd+wvvxvRJGQSqCBat1wnhnZKFHAqWFbyE81iQoekz1qGSmL2tNNxgAwf9iKFYcDwuP7tTUmo9SgMjCc/VM9qefM/rZVA77SdchknwCQ1FqP1EoEhwvkfcJcrRkGMDCFUcXMlpgOiCAXzrZKJ786GnSfeceWs4l455eoFmqCI9tEBOkIuOkFVdInqyEMUZegZvaF36956sl6s14m1YE1ndtEfWB8/Da6YjA==</latexit><latexit sha1_base64="rTnUEu877Fh2hM5en4KQM4rJOAM=">AAAB+XicbVC7TsNAEDyHVwgvAwUFzYkIiSqyaYCKSKGgDBImkeIQnS+X5JTz2bpbI0XGHwIlNAhBxVcg8QP8DeckBSRMNbszq93ZIBZcg+N8W4WFxaXlleJqaW19Y3PL3t650VGiKPNoJCLVDIhmgkvmAQfBmrFiJAwEawTDWq437pjSPJLXMIpZOyR9yXucEjCtjr3nhwQGQZDWsttUYh94yDSWWccuOxVnDDxP3Ckpn38+5Hisd+wvvxvRJGQSqCBat1wnhnZKFHAqWFbyE81iQoekz1qGSmL2tNNxgAwf9iKFYcDwuP7tTUmo9SgMjCc/VM9qefM/rZVA77SdchknwCQ1FqP1EoEhwvkfcJcrRkGMDCFUcXMlpgOiCAXzrZKJ786GnSfeceWs4l455eoFmqCI9tEBOkIuOkFVdInqyEMUZegZvaF36956sl6s14m1YE1ndtEfWB8/Da6YjA==</latexit><latexit sha1_base64="rTnUEu877Fh2hM5en4KQM4rJOAM=">AAAB+XicbVC7TsNAEDyHVwgvAwUFzYkIiSqyaYCKSKGgDBImkeIQnS+X5JTz2bpbI0XGHwIlNAhBxVcg8QP8DeckBSRMNbszq93ZIBZcg+N8W4WFxaXlleJqaW19Y3PL3t650VGiKPNoJCLVDIhmgkvmAQfBmrFiJAwEawTDWq437pjSPJLXMIpZOyR9yXucEjCtjr3nhwQGQZDWsttUYh94yDSWWccuOxVnDDxP3Ckpn38+5Hisd+wvvxvRJGQSqCBat1wnhnZKFHAqWFbyE81iQoekz1qGSmL2tNNxgAwf9iKFYcDwuP7tTUmo9SgMjCc/VM9qefM/rZVA77SdchknwCQ1FqP1EoEhwvkfcJcrRkGMDCFUcXMlpgOiCAXzrZKJ786GnSfeceWs4l455eoFmqCI9tEBOkIuOkFVdInqyEMUZegZvaF36956sl6s14m1YE1ndtEfWB8/Da6YjA==</latexit><latexit sha1_base64="bVVEJkjOIiBaN3773KSnbrIlRo4=">AAAB+XicbVC7TsMwFHV4lvIKMDCwWFRITFXCAmyVysBYJEIrNaFyXKe16jiRfYNUhfwMLAjBxG/wA/wNTskALWc6vudY954TpoJrcJwva2l5ZXVtvbZR39za3tm19/bvdJIpyjyaiET1QqKZ4JJ5wEGwXqoYiUPBuuGkXerdB6Y0T+QtTFMWxGQkecQpATMa2Id+TGAchnm7uM8l9oHHTGNZDOyG03RmwIvErUgDVegM7E9/mNAsZhKoIFr3XSeFICcKOBWsqPuZZimhEzJifUMlMXuCfBagwCdRojCMGZ69f3tzEms9jUPjKQ/V81o5/E/rZxBdBDmXaQZMUmMxWpQJDAkue8BDrhgFMTWEUMXNlZiOiSIUTFt1E9+dD7tIvLPmZdO9cRqtq6qHGjpCx+gUuegctdA16iAPUVSgZ/SG3q1H68l6sV5/rEtW9ecA/YH18Q32bZPt</latexit>

SO(n)
<latexit sha1_base64="u0+8LQutZ/YyNLyK2Lbhhk+OwRM=">AAAB7nicbVDLTgIxFL2DL8QX6tJNI5rghsy4UXckunAnRkdIALFTOtDQdsa2Y0ImfIdujNGVH+MP+Dd2gIWCZ3XuPecm59wg5kwb1/12cguLS8sr+dXC2vrG5lZxe+dOR4ki1CcRj1QjwJpyJqlvmOG0ESuKRcBpPRicZ3r9iSrNInlrhjFtC9yTLGQEG7u6bwls+kqkN1ejsjzqFEtuxR0DzRNvSkrVgzB8AIBap/jV6kYkEVQawrHWTc+NTTvFyjDC6ajQSjSNMRngHm1aKrGgup2OU4/QYRgpZPoUjeff3hQLrYcisJ4sn57VsuV/WjMx4Wk7ZTJODJXEWqwWJhyZCGXlUZcpSgwfWoKJYjYlIn2sMDH2RQVb35stO0/848pZxbu2b7iACfKwB/tQBg9OoAqXUAMfCCh4gXf4cB6dZ+fVeZtYc870Zhf+wPn8AXw8kTs=</latexit><latexit sha1_base64="xDRZehc1OtWvsvvzXbP/OH8GR6Y=">AAAB7nicbVDLTgIxFL3jE/GFunTTiCa4ITNu1B2JLtyJ0RESQNIpHWhoO2PbMSETvkM3xujKj/EH/Bs7AwsFz+rce85NzrlBzJk2rvvtLCwuLa+sFtaK6xubW9ulnd17HSWKUJ9EPFLNAGvKmaS+YYbTZqwoFgGnjWB4kemNJ6o0i+SdGcW0I3BfspARbOzqoS2wGSiR3l6PK/K4Wyq7VTcHmifelJRrh2GOerf01e5FJBFUGsKx1i3PjU0nxcowwum42E40jTEZ4j5tWSqxoLqT5qnH6CiMFDIDivL5tzfFQuuRCKwny6dntWz5n9ZKTHjWSZmME0MlsRarhQlHJkJZedRjihLDR5ZgophNicgAK0yMfVHR1vdmy84T/6R6XvVu7BsuYYIC7MMBVMCDU6jBFdTBBwIKXuAdPpxH59l5dd4m1gVnerMHf+B8/gAUrpJz</latexit><latexit sha1_base64="xDRZehc1OtWvsvvzXbP/OH8GR6Y=">AAAB7nicbVDLTgIxFL3jE/GFunTTiCa4ITNu1B2JLtyJ0RESQNIpHWhoO2PbMSETvkM3xujKj/EH/Bs7AwsFz+rce85NzrlBzJk2rvvtLCwuLa+sFtaK6xubW9ulnd17HSWKUJ9EPFLNAGvKmaS+YYbTZqwoFgGnjWB4kemNJ6o0i+SdGcW0I3BfspARbOzqoS2wGSiR3l6PK/K4Wyq7VTcHmifelJRrh2GOerf01e5FJBFUGsKx1i3PjU0nxcowwum42E40jTEZ4j5tWSqxoLqT5qnH6CiMFDIDivL5tzfFQuuRCKwny6dntWz5n9ZKTHjWSZmME0MlsRarhQlHJkJZedRjihLDR5ZgophNicgAK0yMfVHR1vdmy84T/6R6XvVu7BsuYYIC7MMBVMCDU6jBFdTBBwIKXuAdPpxH59l5dd4m1gVnerMHf+B8/gAUrpJz</latexit><latexit sha1_base64="dkivteEeolF7yC8hD5lJTj+QUvE=">AAAB7nicbVDLTsMwENzwLOVV4MjFokIqlyrhAtwqwYEbRRBaqQ2V4zqtVdsJtoNURf0OuCAEJz6GH+BvcEoO0DKn2Z1ZaWbDhDNtXPfLWVhcWl5ZLa2V1zc2t7YrO7t3Ok4VoT6JeazaIdaUM0l9wwyn7URRLEJOW+HoPNdbj1RpFstbM05oIPBAsogRbOzqviuwGSqR3VxNavKoV6m6dXcKNE+8glShQLNX+ez2Y5IKKg3hWOuO5yYmyLAyjHA6KXdTTRNMRnhAO5ZKLKgOsmnqCTqMYoXMkKLp/NubYaH1WITWk+fTs1q+/E/rpCY6DTImk9RQSazFalHKkYlRXh71maLE8LElmChmUyIyxAoTY19UtvW92bLzxD+un9W9a7fauCj+UIJ9OIAaeHACDbiEJvhAQMEzvMG78+A8OS/O6491wSlu9uAPnI9vavCPqw==</latexit>

{ 0, 1} n ! n
<latexit sha1_base64="aYOV5dosK9MLYlDLyz01m1EFr+I=">AAAB+nicbVC7TsMwFL0pr1JeARYkFouCxICqhAXYKsHAWCRCKzWhOK7TWnWcyHaQqij8DCwIwcRn8AP8De5jgJYznXvPubLPCVPOlHacb6u0sLi0vFJeraytb2xu2ds7dyrJJKEeSXgiWyFWlDNBPc00p61UUhyHnDbDweVIbz5SqVgibvUwpUGMe4JFjGBtVh17z8+Rg06Qi/ziPhfI1yymComiY1edmjMGmifulFTrh1H0AACNjv3ldxOSxVRowrFSbddJdZBjqRnhtKj4maIpJgPco21DBTbvBPk4QYGOokQi3adoPP/25jhWahiHxhNj3Vez2mj5n9bOdHQe5EykmaaCGIvRoowjnaBREajLJCWaDw3BRDLzS0T6WGKiTV0VE9+dDTtPvNPaRc29MTVcwQRl2IcDOAYXzqAO19AADwg8wQu8w4dVWM/Wq/U2sZas6c0u/IH1+QMvlpQ/</latexit><latexit sha1_base64="XxKpKWY3KLUZOh7pDu1hyxNvL0w=">AAAB+nicbVC7TsMwFL3hWcorwILEYlGQGFCVsABbJRgYi0RopSZUjuu0Vh0nsh2kKgo/AwtCMPEZ/AB/g5t2gJYznXvPubLPCVPOlHacb2thcWl5ZbWyVl3f2Nzatnd271WSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6ux3nqkUrFE3OlRSoMY9wWLGMHarLr2vp8jB50iF/nFQy6Qr1lMFRJF1645dacEmifulNQaR1GJZtf+8nsJyWIqNOFYqY7rpDrIsdSMcFpU/UzRFJMh7tOOoQKbd4K8TFCg4yiRSA8oKuff3hzHSo3i0HhirAdqVhsv/9M6mY4ugpyJNNNUEGMxWpRxpBM0LgL1mKRE85EhmEhmfonIAEtMtKmrauK7s2HniXdWv6y7t6aGa5igAgdwCCfgwjk04Aaa4AGBJ3iBd/iwCuvZerXeJtYFa3qzB39gff4Ax/mVdw==</latexit><latexit sha1_base64="XxKpKWY3KLUZOh7pDu1hyxNvL0w=">AAAB+nicbVC7TsMwFL3hWcorwILEYlGQGFCVsABbJRgYi0RopSZUjuu0Vh0nsh2kKgo/AwtCMPEZ/AB/g5t2gJYznXvPubLPCVPOlHacb2thcWl5ZbWyVl3f2Nzatnd271WSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6ux3nqkUrFE3OlRSoMY9wWLGMHarLr2vp8jB50iF/nFQy6Qr1lMFRJF1645dacEmifulNQaR1GJZtf+8nsJyWIqNOFYqY7rpDrIsdSMcFpU/UzRFJMh7tOOoQKbd4K8TFCg4yiRSA8oKuff3hzHSo3i0HhirAdqVhsv/9M6mY4ugpyJNNNUEGMxWpRxpBM0LgL1mKRE85EhmEhmfonIAEtMtKmrauK7s2HniXdWv6y7t6aGa5igAgdwCCfgwjk04Aaa4AGBJ3iBd/iwCuvZerXeJtYFa3qzB39gff4Ax/mVdw==</latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="JoVaRB4HGoA3+qu34nSQI56z3bE=">AAAB73icbVBNS8NAFHypX7VWjZ4EL4tF8CAl8aLeBC8eKxhbaGLZbLft0s0m7L4IJcQ/oxcR/SX+Af+N29qDts5p3puB92biTAqDnvflVFZW19Y3qpu1rfr2zq67V783aa4ZD1gqU92JqeFSKB6gQMk7meY0iSVvx+Prqd5+5NqIVN3hJONRQodKDASjaFc99yAsiEdOiU/C8qFQJESRcENU2XMbXtObgSwTf04aMEer536G/ZTlCVfIJDWm63sZRgXVKJjkZS3MDc8oG9Mh71qqqL0TFbMEJTkepJrgiJPZ/Ntb0MSYSRJbT0JxZBa16fI/rZvj4CIqhMpy5IpZi9UGuSSYkmkRpC80ZygnllCmhf2SsBHVlKGtq2bj+4thl0lw1rxs+rceVOEQjuAEfDiHK7iBFgTA4Ale4B0+nNJ5dl5/eqo488L24Q+ct2/PvpFM</latexit><latexit sha1_base64="JoVaRB4HGoA3+qu34nSQI56z3bE=">AAAB73icbVBNS8NAFHypX7VWjZ4EL4tF8CAl8aLeBC8eKxhbaGLZbLft0s0m7L4IJcQ/oxcR/SX+Af+N29qDts5p3puB92biTAqDnvflVFZW19Y3qpu1rfr2zq67V783aa4ZD1gqU92JqeFSKB6gQMk7meY0iSVvx+Prqd5+5NqIVN3hJONRQodKDASjaFc99yAsiEdOiU/C8qFQJESRcENU2XMbXtObgSwTf04aMEer536G/ZTlCVfIJDWm63sZRgXVKJjkZS3MDc8oG9Mh71qqqL0TFbMEJTkepJrgiJPZ/Ntb0MSYSRJbT0JxZBa16fI/rZvj4CIqhMpy5IpZi9UGuSSYkmkRpC80ZygnllCmhf2SsBHVlKGtq2bj+4thl0lw1rxs+rceVOEQjuAEfDiHK7iBFgTA4Ale4B0+nNJ5dl5/eqo488L24Q+ct2/PvpFM</latexit><latexit sha1_base64="ZuEoI1uquxX7l/gcF1BE3DoyI8U=">AAAB+nicbVDLSsNAFL3xWesr6kZwM1gEF1ISN+quoAuXFawtNLFMptN26GQSZm6EEuLP6EZEV36GP+DfOK1daOtZnXvPucycE6VSGPS8L2dhcWl5ZbW0Vl7f2Nzadnd270ySacYbLJGJbkXUcCkUb6BAyVup5jSOJG9Gw8ux3nzg2ohE3eIo5WFM+0r0BKNoVx13P8iJR06IT4LiPlckQBFzQ1TRcSte1ZuAzBN/SiowRb3jfgbdhGUxV8gkNabteymGOdUomORFOcgMTykb0j5vW6qofSfMJwkKctRLNMEBJ5P5tzensTGjOLKemOLAzGrj5X9aO8PeeZgLlWbIFbMWq/UySTAh4yJIV2jOUI4soUwL+0vCBlRThrauso3vz4adJ43T6kXVv/EqtatpDyU4gEM4Bh/OoAbXUIcGMHiEZ3iDd6dwnpwX5/XHuuBMb/bgD5yPbx5Kkq8=</latexit><latexit sha1_base64="ZuEoI1uquxX7l/gcF1BE3DoyI8U=">AAAB+nicbVDLSsNAFL3xWesr6kZwM1gEF1ISN+quoAuXFawtNLFMptN26GQSZm6EEuLP6EZEV36GP+DfOK1daOtZnXvPucycE6VSGPS8L2dhcWl5ZbW0Vl7f2Nzadnd270ySacYbLJGJbkXUcCkUb6BAyVup5jSOJG9Gw8ux3nzg2ohE3eIo5WFM+0r0BKNoVx13P8iJR06IT4LiPlckQBFzQ1TRcSte1ZuAzBN/SiowRb3jfgbdhGUxV8gkNabteymGOdUomORFOcgMTykb0j5vW6qofSfMJwkKctRLNMEBJ5P5tzensTGjOLKemOLAzGrj5X9aO8PeeZgLlWbIFbMWq/UySTAh4yJIV2jOUI4soUwL+0vCBlRThrauso3vz4adJ43T6kXVv/EqtatpDyU4gEM4Bh/OoAbXUIcGMHiEZ3iDd6dwnpwX5/XHuuBMb/bgD5yPbx5Kkq8=</latexit><latexit sha1_base64="XxKpKWY3KLUZOh7pDu1hyxNvL0w=">AAAB+nicbVC7TsMwFL3hWcorwILEYlGQGFCVsABbJRgYi0RopSZUjuu0Vh0nsh2kKgo/AwtCMPEZ/AB/g5t2gJYznXvPubLPCVPOlHacb2thcWl5ZbWyVl3f2Nzatnd271WSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6ux3nqkUrFE3OlRSoMY9wWLGMHarLr2vp8jB50iF/nFQy6Qr1lMFRJF1645dacEmifulNQaR1GJZtf+8nsJyWIqNOFYqY7rpDrIsdSMcFpU/UzRFJMh7tOOoQKbd4K8TFCg4yiRSA8oKuff3hzHSo3i0HhirAdqVhsv/9M6mY4ugpyJNNNUEGMxWpRxpBM0LgL1mKRE85EhmEhmfonIAEtMtKmrauK7s2HniXdWv6y7t6aGa5igAgdwCCfgwjk04Aaa4AGBJ3iBd/iwCuvZerXeJtYFa3qzB39gff4Ax/mVdw==</latexit><latexit sha1_base64="XxKpKWY3KLUZOh7pDu1hyxNvL0w=">AAAB+nicbVC7TsMwFL3hWcorwILEYlGQGFCVsABbJRgYi0RopSZUjuu0Vh0nsh2kKgo/AwtCMPEZ/AB/g5t2gJYznXvPubLPCVPOlHacb2thcWl5ZbWyVl3f2Nzatnd271WSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6ux3nqkUrFE3OlRSoMY9wWLGMHarLr2vp8jB50iF/nFQy6Qr1lMFRJF1645dacEmifulNQaR1GJZtf+8nsJyWIqNOFYqY7rpDrIsdSMcFpU/UzRFJMh7tOOoQKbd4K8TFCg4yiRSA8oKuff3hzHSo3i0HhirAdqVhsv/9M6mY4ugpyJNNNUEGMxWpRxpBM0LgL1mKRE85EhmEhmfonIAEtMtKmrauK7s2HniXdWv6y7t6aGa5igAgdwCCfgwjk04Aaa4AGBJ3iBd/iwCuvZerXeJtYFa3qzB39gff4Ax/mVdw==</latexit><latexit sha1_base64="XxKpKWY3KLUZOh7pDu1hyxNvL0w=">AAAB+nicbVC7TsMwFL3hWcorwILEYlGQGFCVsABbJRgYi0RopSZUjuu0Vh0nsh2kKgo/AwtCMPEZ/AB/g5t2gJYznXvPubLPCVPOlHacb2thcWl5ZbWyVl3f2Nzatnd271WSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6ux3nqkUrFE3OlRSoMY9wWLGMHarLr2vp8jB50iF/nFQy6Qr1lMFRJF1645dacEmifulNQaR1GJZtf+8nsJyWIqNOFYqY7rpDrIsdSMcFpU/UzRFJMh7tOOoQKbd4K8TFCg4yiRSA8oKuff3hzHSo3i0HhirAdqVhsv/9M6mY4ugpyJNNNUEGMxWpRxpBM0LgL1mKRE85EhmEhmfonIAEtMtKmrauK7s2HniXdWv6y7t6aGa5igAgdwCCfgwjk04Aaa4AGBJ3iBd/iwCuvZerXeJtYFa3qzB39gff4Ax/mVdw==</latexit><latexit sha1_base64="XxKpKWY3KLUZOh7pDu1hyxNvL0w=">AAAB+nicbVC7TsMwFL3hWcorwILEYlGQGFCVsABbJRgYi0RopSZUjuu0Vh0nsh2kKgo/AwtCMPEZ/AB/g5t2gJYznXvPubLPCVPOlHacb2thcWl5ZbWyVl3f2Nzatnd271WSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6ux3nqkUrFE3OlRSoMY9wWLGMHarLr2vp8jB50iF/nFQy6Qr1lMFRJF1645dacEmifulNQaR1GJZtf+8nsJyWIqNOFYqY7rpDrIsdSMcFpU/UzRFJMh7tOOoQKbd4K8TFCg4yiRSA8oKuff3hzHSo3i0HhirAdqVhsv/9M6mY4ugpyJNNNUEGMxWpRxpBM0LgL1mKRE85EhmEhmfonIAEtMtKmrauK7s2HniXdWv6y7t6aGa5igAgdwCCfgwjk04Aaa4AGBJ3iBd/iwCuvZerXeJtYFa3qzB39gff4Ax/mVdw==</latexit><latexit sha1_base64="ZuEoI1uquxX7l/gcF1BE3DoyI8U=">AAAB+nicbVDLSsNAFL3xWesr6kZwM1gEF1ISN+quoAuXFawtNLFMptN26GQSZm6EEuLP6EZEV36GP+DfOK1daOtZnXvPucycE6VSGPS8L2dhcWl5ZbW0Vl7f2Nzadnd270ySacYbLJGJbkXUcCkUb6BAyVup5jSOJG9Gw8ux3nzg2ohE3eIo5WFM+0r0BKNoVx13P8iJR06IT4LiPlckQBFzQ1TRcSte1ZuAzBN/SiowRb3jfgbdhGUxV8gkNabteymGOdUomORFOcgMTykb0j5vW6qofSfMJwkKctRLNMEBJ5P5tzensTGjOLKemOLAzGrj5X9aO8PeeZgLlWbIFbMWq/UySTAh4yJIV2jOUI4soUwL+0vCBlRThrauso3vz4adJ43T6kXVv/EqtatpDyU4gEM4Bh/OoAbXUIcGMHiEZ3iDd6dwnpwX5/XHuuBMb/bgD5yPbx5Kkq8=</latexit>

xT Ax ! 0
<latexit sha1_base64="CBg37C/LWHkNR69tNfumh1CtaU4=">AAAB7XicbZC9TgJBFIXv4h/iH2piYzORmFgYsmujdhgtLDFhhQRWMjvchQmzP87MGsiGV7DUxhitfBlfwLdxAAsFT/XNPWeSe66fCK60bX9ZuYXFpeWV/GphbX1jc6u4vXOr4lQydFksYtnwqULBI3Q11wIbiUQa+gLrfv9y7NcfUCoeRzU9TNALaTfiAWdUm5E3uKuRCzIgrS4Su10s2WV7IjIPzg+UKnuPx2BUbRc/W52YpSFGmgmqVNOxE+1lVGrOBI4KrVRhQlmfdrFpMKIhKi+bLD0ih0Esie4hmbx/ZzMaKjUMfZMJqe6pWW88/M9rpjo48zIeJanGiJmI8YJUEB2TcXfS4RKZFkMDlElutiSsRyVl2lyoYOo7s2XnwT0pn5edG3OGK5gqD/twAEfgwClU4Bqq4AKDe3iGN3i3EuvJerFep9Gc9fNnF/7I+vgGYeiPLg==</latexit><latexit sha1_base64="m0OX7XJNbca+rTTblJauKSnlTuQ=">AAAB7XicbZC7TgJBFIbPekW8ISY2NhOJiYUhuzZqh9HCEhNWSGAls8MBJsxenJk1EELhC1hqY4xWVvokvoBv43ApFPyrb87/T3L+48eCK23b39bc/MLi0nJqJb26tr6xmdnKXqsokQxdFolIVnyqUPAQXc21wEoskQa+wLLfOR/65TuUikdhSfdi9ALaCnmTM6rNyOvelMgZ6ZJaC4ldz+TsvD0SmQVnArnCzsNh9uP+s1jPfNUaEUsCDDUTVKmqY8fa61OpORM4SNcShTFlHdrCqsGQBqi8/mjpAdlvRpLoNpLR+3e2TwOleoFvMgHVbTXtDYf/edVEN0+8Pg/jRGPITMR4zUQQHZFhd9LgEpkWPQOUSW62JKxNJWXaXCht6jvTZWfBPcqf5p0rc4YLGCsFu7AHB+DAMRTgEorgAoNbeIJXeLNi69F6tl7G0Tlr8mcb/sh6/wHom5Ec</latexit><latexit sha1_base64="m0OX7XJNbca+rTTblJauKSnlTuQ=">AAAB7XicbZC7TgJBFIbPekW8ISY2NhOJiYUhuzZqh9HCEhNWSGAls8MBJsxenJk1EELhC1hqY4xWVvokvoBv43ApFPyrb87/T3L+48eCK23b39bc/MLi0nJqJb26tr6xmdnKXqsokQxdFolIVnyqUPAQXc21wEoskQa+wLLfOR/65TuUikdhSfdi9ALaCnmTM6rNyOvelMgZ6ZJaC4ldz+TsvD0SmQVnArnCzsNh9uP+s1jPfNUaEUsCDDUTVKmqY8fa61OpORM4SNcShTFlHdrCqsGQBqi8/mjpAdlvRpLoNpLR+3e2TwOleoFvMgHVbTXtDYf/edVEN0+8Pg/jRGPITMR4zUQQHZFhd9LgEpkWPQOUSW62JKxNJWXaXCht6jvTZWfBPcqf5p0rc4YLGCsFu7AHB+DAMRTgEorgAoNbeIJXeLNi69F6tl7G0Tlr8mcb/sh6/wHom5Ec</latexit><latexit sha1_base64="8IpGzOhJ0N7gcq7mlbCVNBCgSZc=">AAAB7XicbZC9TgJBFIXv4h/iH2ppM5GYWJFdG7HDaGGJCSsksJLZ4S5MmP1xZtZANryGNsZo5cv4Ar6NA26h4Km+uedMcs/1E8GVtu0vq7Cyura+UdwsbW3v7O6V9w/uVJxKhi6LRSzbPlUoeISu5lpgO5FIQ19gyx9dzfzWI0rF46ipJwl6IR1EPOCMajPyxvdNcknGpDtAYvfKFbtqz0WWwcmhArkavfJntx+zNMRIM0GV6jh2or2MSs2ZwGmpmypMKBvRAXYMRjRE5WXzpafkJIgl0UMk8/fvbEZDpSahbzIh1UO16M2G/3mdVAc1L+NRkmqMmIkYL0gF0TGZdSd9LpFpMTFAmeRmS8KGVFKmzYVKpr6zWHYZ3LPqRdW5tSv16/wORTiCYzgFB86hDjfQABcYPMAzvMG7lVhP1ov1+hMtWPmfQ/gj6+Mb+TCOHg==</latexit>

exact
#P-hard 

[Valiant 79]
#P-hard 

[GS 2017]
#P-hard 

[Valiant 79]
#P-hard 

[GS 2017]

approximate
#P-hard 

[Valiant 79]
#P-hard 

[GS 2017]
FPTAS 

[JSV 2004]
???

Open Problems:

- Is there a polynomial-time approximation algorithm for permanents of 
positive-semideÞnite matrices?

- best known:  polynomial time           -approximation [AGGS 2017]     4.84n
<latexit sha1_base64="m2+wAXOcOg8nAtG34XMH5pzmmCg=">AAAB5nicbZDNSgMxFIXv1L9a/6ou3QSL4GqYkYLVjQU3Lis4baEdSybNtLGZzJBkhDL0GXQjoivBF/EB3ItvY/qz0Naz+nLPCdxzg4QzpR3n28otLa+sruXXCxubW9s7xd29uopTSahHYh7LZoAV5UxQTzPNaTORFEcBp41gcDn2G/dUKhaLGz1MqB/hnmAhI1ibUb1sV8q3olMsObYzEVoEdwali4/3LzCqdYqf7W5M0ogKTThWquU6ifYzLDUjnI4K7VTRBJMB7tGWQYEjqvxssu0IHYWxRLpP0eT9O5vhSKlhFJhMhHVfzXvj4X9eK9Vhxc+YSFJNBTER44UpRzpG49KoyyQlmg8NYCKZ2RKRPpaYaHOagqnvzpddBO/EPrPda6dUPYep8nAAh3AMLpxCFa6gBh4QuINHeIFXi1kP1pP1PI3mrNmfffgj6+0H+lqOJg==</latexit><latexit sha1_base64="YtCPxJjgi2q/8kPPtJ2ySs6rPN8=">AAAB5nicbZDNSsNAFIUn9a/Gv6pLN8EiuAqJFKyCWHDjsoJpC20sk+lNO3YyCTMToYQ+g25EdCXog/gA7sW3cfqz0Naz+uaeM3DPDRJGpXKcbyO3sLi0vJJfNdfWNza3Cts7NRmngoBHYhaLRoAlMMrBU1QxaCQCcBQwqAf9i5FfvwMhacyv1SABP8JdTkNKsNKjWskul254u1B0bGcsax7cKRTPP96+zLPkvdoufLY6MUkj4IowLGXTdRLlZ1goShgMzVYqIcGkj7vQ1MhxBNLPxtsOrYMwFpbqgTV+/85mOJJyEAU6E2HVk7PeaPif10xVWPYzypNUASc6or0wZZaKrVFpq0MFEMUGGjARVG9pkR4WmCh9GlPXd2fLzoN3ZJ/Y7pVTrJyiifJoD+2jQ+SiY1RBl6iKPETQLXpAz+jFoMa98Wg8TaI5Y/pnF/2R8foDwDqPgQ==</latexit><latexit sha1_base64="YtCPxJjgi2q/8kPPtJ2ySs6rPN8=">AAAB5nicbZDNSsNAFIUn9a/Gv6pLN8EiuAqJFKyCWHDjsoJpC20sk+lNO3YyCTMToYQ+g25EdCXog/gA7sW3cfqz0Naz+uaeM3DPDRJGpXKcbyO3sLi0vJJfNdfWNza3Cts7NRmngoBHYhaLRoAlMMrBU1QxaCQCcBQwqAf9i5FfvwMhacyv1SABP8JdTkNKsNKjWskul254u1B0bGcsax7cKRTPP96+zLPkvdoufLY6MUkj4IowLGXTdRLlZ1goShgMzVYqIcGkj7vQ1MhxBNLPxtsOrYMwFpbqgTV+/85mOJJyEAU6E2HVk7PeaPif10xVWPYzypNUASc6or0wZZaKrVFpq0MFEMUGGjARVG9pkR4WmCh9GlPXd2fLzoN3ZJ/Y7pVTrJyiifJoD+2jQ+SiY1RBl6iKPETQLXpAz+jFoMa98Wg8TaI5Y/pnF/2R8foDwDqPgQ==</latexit><latexit sha1_base64="O1BQPHb695CdCkUZbsoDo2Da92Y=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcdW0xkR0ReLGJSYWSKCS6XALI9OfzExNSMMz6MYYXflAvoBv44BdKHhW39xzJrnnBqngSjvOl1VaWV1b3yhvVra2d3b3qvsHLZVkkqHHEpHITkAVCh6jp7kW2Ekl0igQ2A7G1zO//YhS8SS+05MU/YgOYx5yRrUZtc7t+vl93K/WHNuZiyyDW0ANCjX71c/eIGFZhLFmgirVdZ1U+zmVmjOB00ovU5hSNqZD7BqMaYTKz+fbTslJmEiiR0jm79/ZnEZKTaLAZCKqR2rRmw3/87qZDut+zuM00xgzEzFemAmiEzIrTQZcItNiYoAyyc2WhI2opEyb01RMfXex7DJ4Z/al7d46tcZVcYcyHMExnIILF9CAG2iCBwwe4Bne4N3i1pP1Yr3+REtW8ecQ/sj6+Aazi4ut</latexit>

- Are orthogonal permanents over       hard for               for all               ?Fp
<latexit sha1_base64="a6Mr7dQiztxW+vx1oMoLVg80EZY=">AAAB7HicbVDLSsNAFL2pr1pfVZeCDBbBVUnc+FgVhOKygrGFJtTJdNIOnWSGmYlQQj9DNyK68mv8Af/GSduFtp7VufecC+fcSHKmjet+O6WV1bX1jfJmZWt7Z3evun/woEWmCPWJ4EJ1IqwpZyn1DTOcdqSiOIk4bUejm0JvP1GlmUjvzVjSMMGDlMWMYGNXQZBgM4yivDnpyV615tbdKdAy8eak1jhu5o8A0OpVv4K+IFlCU0M41rrrudKEOVaGEU4nlSDTVGIywgPatTTFCdVhPs08QaexUMgMKZrOv705TrQeJ5H1FOn0olYs/9O6mYkvw5ylMjM0JdZitTjjyAhUVEd9pigxfGwJJorZlIgMscLE2AdVbH1vsewy8c/rV3Xvzr7hGmYowxGcwBl4cAENuIUW+EBAwgu8w4cjnGfn1XmbWUvO/OYQ/sD5/AF1HpCl</latexit><latexit sha1_base64="2nuU241OCCq4qTxo+hVLe4xpdJ4=">AAAB7HicbVDLSsNAFL2pr1pfVZcFGSyCq5K48bEqCEVcVTC20IQwmU7aoZNMmJkIJfQzdCOiK7/GH/Ar/AUnbRfaelbn3nMunHPDlDOlbfvLKq2srq1vlDcrW9s7u3vV/YMHJTJJqEsEF7IbYkU5S6irmea0m0qK45DTTji6LvTOI5WKieRej1Pqx3iQsIgRrM3K82Ksh2GYtyZBGlTrdsOeAi0TZ07qzaNWHtS+b9tB9dPrC5LFNNGEY6V6jp1qP8dSM8LppOJliqaYjPCA9gxNcEyVn08zT9BJJCTSQ4qm829vjmOlxnFoPEU6tagVy/+0XqajCz9nSZppmhBjMVqUcaQFKqqjPpOUaD42BBPJTEpEhlhios2DKqa+s1h2mbhnjcuGc2fecAUzlKEGx3AKDpxDE26gDS4QSOEZ3uDdEtaT9WK9zqwla35zCH9gffwAMKiR+A==</latexit><latexit sha1_base64="2nuU241OCCq4qTxo+hVLe4xpdJ4=">AAAB7HicbVDLSsNAFL2pr1pfVZcFGSyCq5K48bEqCEVcVTC20IQwmU7aoZNMmJkIJfQzdCOiK7/GH/Ar/AUnbRfaelbn3nMunHPDlDOlbfvLKq2srq1vlDcrW9s7u3vV/YMHJTJJqEsEF7IbYkU5S6irmea0m0qK45DTTji6LvTOI5WKieRej1Pqx3iQsIgRrM3K82Ksh2GYtyZBGlTrdsOeAi0TZ07qzaNWHtS+b9tB9dPrC5LFNNGEY6V6jp1qP8dSM8LppOJliqaYjPCA9gxNcEyVn08zT9BJJCTSQ4qm829vjmOlxnFoPEU6tagVy/+0XqajCz9nSZppmhBjMVqUcaQFKqqjPpOUaD42BBPJTEpEhlhios2DKqa+s1h2mbhnjcuGc2fecAUzlKEGx3AKDpxDE26gDS4QSOEZ3uDdEtaT9WK9zqwla35zCH9gffwAMKiR+A==</latexit><latexit sha1_base64="QxgGol7osSZaKhH7pUlp6q7ldfg=">AAAB7HicbVDLSsNAFL2pr1pfVZdugkVwVRI3PlYFQVxWMLbQhDKZ3rZDJ5lhZiKU0M/QjYiu/Bp/wL9xUrPQ1rM6955z4ZwbS8608bwvp7Kyura+Ud2sbW3v7O7V9w8etMgUxYAKLlQ3Jho5SzEwzHDsSoUkiTl24sl1oXceUWkm0nszlRglZJSyIaPE2FUYJsSM4zi/mfVlv97wmt4c7jLxS9KAEu1+/TMcCJolmBrKidY935MmyokyjHKc1cJMoyR0QkbYszQlCeoon2eeuSdDoVwzRnc+//bmJNF6msTWU6TTi1qx/E/rZWZ4EeUslZnBlFqL1YYZd41wi+rugCmkhk8tIVQxm9KlY6IINfZBNVvfXyy7TIKz5mXTv/MaravyD1U4gmM4BR/OoQW30IYAKEh4hjd4d4Tz5Lw4rz/WilPeHMIfOB/fenCPJg==</latexit>

ModpP
<latexit sha1_base64="6ImISGis8kOl+QI2cvpMBW2EB7k=">AAAB+nicbVDLSsNAFL3xWesr6kYQZLAIrkrixseqIIgboYKxhTbUyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdO0grae1bn3nAv3nCDhTGnH+bLm5hcWl5ZLK+XVtfWNTXtr+06JVBLqEcGFbAZYUc5i6mmmOW0mkuIo4LQRDC5GeuOBSsVEfKuHCfUj3ItZyAjWZtWxd9sR1n0VZteim3eSn6med+yKU3UKoFniTkiltn+Z3QNAvWN/truCpBGNNeFYqZbrJNrPsNSMcJqX26miCSYD3KMtQ2McUeVnRYIcHYZCIt2nqJh/ezMcKTWMAuMpfpvWRsv/tFaqw1M/Y3GSahoTYzFamHKkBRoVgbpMUqL50BBMJDNfItLHEhNt6iqb+O502FniHVfPqu6NqeEcxijBHhzAEbhwAjW4gjp4QOARnuEN3q3cerJerNexdc6a3OzAH1gf35IdlmQ=</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="QtnpFMSqig59tVtRGe5xuSMyILk=">AAAB+nicbVDLSsNAFJ34rPUVdSMUZLAIrkrixseqIIgIQgVjC20Ik+lNO3TyYGYilBB/RjciuvIz/AG/wl9wmlbQ1rM6955z4Z7jJ5xJZVmfxtz8wuLScmmlvLq2vrFpbm3fyTgVFBwa81i0fCKBswgcxRSHViKAhD6Hpj84H+nNexCSxdGtGibghqQXsYBRovTKM3c7IVF9GWTXcTf3kp+pkXtm1apZBfAssSekWt+7yLzK11XDMz863ZimIUSKciJl27YS5WZEKEY55OVOKiEhdEB60NY0IiFINysS5PggiAVWfcDF/NubkVDKYehrT/HbtDZa/qe1UxWcuBmLklRBRLVFa0HKsYrxqAjcZQKo4kNNCBVMf4lpnwhCla6rrOPb02FniXNUO63ZN7qGMzRGCVXQPjpENjpGdXSJGshBFD2gJ/SK3ozceDSejZexdc6Y3OygPzDevwFNp5e3</latexit><latexit sha1_base64="JaGqHLNsRpS5SbWjqrUteb2DqTQ=">AAAB+nicbVDLSsNAFL2pr1pfUTeCm8EiuCqJGx+rghs3QgWjhTaEyXTSDp1kwsxEKCH+jG5EdOVn+AP+jdMYQVvP6tx7zoV7TphyprTjfFq1hcWl5ZX6amNtfWNzy97euVUik4R6RHAhuyFWlLOEepppTruppDgOOb0LxxdT/e6eSsVEcqMnKfVjPExYxAjWZhXYe/0Y65GK8isxKIL0Z+oUgd10Wk4JNE/cijShQiewP/oDQbKYJppwrFTPdVLt51hqRjgtGv1M0RSTMR7SnqEJjqny8zJBgQ4jIZEeUVTOv705jpWaxKHxlL/NatPlf1ov09Gpn7MkzTRNiLEYLco40gJNi0ADJinRfGIIJpKZLxEZYYmJNnU1THx3Nuw88Y5bZy332mm2z6se6rAPB3AELpxAGy6hAx4QeIAneIU3q7AerWfr5dtas6qbXfgD6/0Ll2+U5Q==</latexit>

p != 2 , 3
<latexit sha1_base64="g6Pz5bMtAgb5QhqCLR/tUs+Bwis=">AAAB63icbZDLTgIxFIbPgBfEG152bhqJiQtDZnDhZUXixiUmIiQDIZ1yBho6nbHtmBBC4kPoxhhd+Ro+gS/g21guCwX/1dfz/03Of4JEcG1c99vJZJeWV1Zza/n1jc2t7cLO7p2OU8WwxmIRq0ZANQousWa4EdhIFNIoEFgP+ldjv/6ASvNY3ppBgq2IdiUPOaPGjvyENCXek/IJOW0Xim7JnYgsgjeDYmX/M/sIANV24avZiVkaoTRMUK19z01Ma0iV4UzgKN9MNSaU9WkXfYuSRqhbw8nKI3IUxoqYHpLJ+3d2SCOtB1FgMxE1PT3vjYf/eX5qwvPWkMskNSiZjVgvTAUxMRk3Jx2ukBkxsECZ4nZLwnpUUWbsffK2vjdfdhFq5dJFybuxZ7iEqXJwAIdwDB6cQQWuoQo1YBDDM7zBuyOdJ+fFeZ1GM87szx78kfPxA6jxjts=</latexit><latexit sha1_base64="THDrDVRZYWL5dnamP7M6eqFek6w=">AAAB63icbZC7TsMwFIYdyqWUW7lsLBYVEgOqkjJwmSqxMBaJ0EppVDnuaWvVcYztIFVR3wIWhGDiNZgZ4AF4G9zLAC3/9Pn8v6Xzn0hypo3rfjsLucWl5ZX8amFtfWNzq7i9c6uTVFHwacIT1YiIBs4E+IYZDg2pgMQRh3rUvxz59XtQmiXixgwkhDHpCtZhlBg7CiRuCrjDlWN80iqW3LI7Fp4Hbwql6t57Tn59pLVW8bPZTmgagzCUE60Dz5UmzIgyjHIYFpqpBklon3QhsChIDDrMxisP8WEnUdj0AI/fv7MZibUexJHNxMT09Kw3Gv7nBanpnIUZEzI1IKiNWK+TcmwSPGqO20wBNXxggVDF7JaY9ogi1Nj7FGx9b7bsPPiV8nnZu7ZnuEAT5dE+OkBHyEOnqIquUA35iKIEPaIX9OoI58F5cp4n0QVn+mcX/ZHz9gM/fJDV</latexit><latexit sha1_base64="THDrDVRZYWL5dnamP7M6eqFek6w=">AAAB63icbZC7TsMwFIYdyqWUW7lsLBYVEgOqkjJwmSqxMBaJ0EppVDnuaWvVcYztIFVR3wIWhGDiNZgZ4AF4G9zLAC3/9Pn8v6Xzn0hypo3rfjsLucWl5ZX8amFtfWNzq7i9c6uTVFHwacIT1YiIBs4E+IYZDg2pgMQRh3rUvxz59XtQmiXixgwkhDHpCtZhlBg7CiRuCrjDlWN80iqW3LI7Fp4Hbwql6t57Tn59pLVW8bPZTmgagzCUE60Dz5UmzIgyjHIYFpqpBklon3QhsChIDDrMxisP8WEnUdj0AI/fv7MZibUexJHNxMT09Kw3Gv7nBanpnIUZEzI1IKiNWK+TcmwSPGqO20wBNXxggVDF7JaY9ogi1Nj7FGx9b7bsPPiV8nnZu7ZnuEAT5dE+OkBHyEOnqIquUA35iKIEPaIX9OoI58F5cp4n0QVn+mcX/ZHz9gM/fJDV</latexit><latexit sha1_base64="xMIlPIbl8kWJHQ4a0kLPtFWgftc=">AAAB63icbZC9TsMwFIVv+C3lr8DIYlEhMaAqKQM/UyUWxiIRWqmNKse9aa06TrAdpCrqW8CCEEy8DS/A2+CWDNByps/3HEv33DAVXBvX/XKWlldW19ZLG+XNre2d3cre/r1OMsXQZ4lIVDukGgWX6BtuBLZThTQOBbbC0fXUbz2i0jyRd2acYhDTgeQRZ9TYUSclXYkPpH5KznqVqltzZyKL4BVQhULNXuWz209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB2Lksaog3y28oQcR4kiZohk9v6dzWms9TgObSamZqjnvenwP6+TmegiyLlMM4OS2Yj1okwQk5Bpc9LnCpkRYwuUKW63JGxIFWXG3qds63vzZRfBr9cua96tW21cFXcowSEcwQl4cA4NuIEm+MAggWd4g3dHOk/Oi/P6E11yij8H8EfOxzeQ841G</latexit>

- Are there more insights about the permanent to be gained through 
this linear optical lens?
- [CCG 2016] : under restricted conditions on the eigenvalues, can 

outperform GurvitsÕs additive approximation algorithm


