
Post-quantum cryptography in the pre-quantum era

Florian Mintert
Imperial College



Cryptography

<latexit sha1_base64="4TgEjlTDs00+dSsNMOgZBLzNc1g=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyqUS9C0IvHCOYB2SXMTmaTIbMPZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bRVWVtfWN4qbpa3tnd298v5BS8epYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/dDf1209caRFHjzhOuBfSQSQCwSgayT13UYRck9qNU+uVK3bVnoEsEycnFcjR6JW/3H7M0pBHyCTVuuvYCXoZVSiY5JOSm2qeUDaiA941NKJmk5fNbp6QE6P0SRArUxGSmfp7IqOh1uPQN50hxaFe9Kbif143xeDay0SUpMgjNl8UpJJgTKYBkL5QnKEcG0KZEuZWwoZUUYYmppIJwVl8eZm0zqrOZfX84aJSv83jKMIRHMMpOHAFdbiHBjSBQQLP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPbEOQow==</latexit>

3⇥ 5 = 15

easy

hard

prime factor decomposition 

lattices

shortest vector problem SVP 



Is it really save?

Is lattice-based cryptography save against quantum attacks?

quantum algorithm

to find shortest vector

efficient practical



Quantum mechanics

<latexit sha1_base64="aNXugnZgZoiEyro87CNcgHQuNls=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAimKgEELEgVLIxFog+piSLHdVu3thPZDlKV9hNY+BUWBhBiZWTjb3DaDNBypKt7dM69su8JY0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKkokJjUcsUg2Q6QIo4LUNNWMNGNJEA8ZaYSDm8xvPBCpaCTu9TAmPkddQTsUI22kwD4aeVVFPYlEl5ErTyU86GdK0B95cc+03ArsklN2JoDzxM1JCeSoBvaX145wwonQmCGlWq4Taz9FUlPMyLjoJYrECA9Ql7QMFYgT5aeTg8bw0Cht2ImkKaHhRP29kSKu1JCHZpIj3VOzXib+57US3bn0UyriRBOBpw91EgZ1BLN0YJtKgjUbGoKwpOavEPeQRFibDIsmBHf25HlSPym75+XTu7NS5TqPowD2wQE4Bi64ABVwC6qgBjB4BM/gFbxZT9aL9W59TEcXrHxnD/yB9fkD9+2d0Q==</latexit>

| i =
X

j

 j |�ji

<latexit sha1_base64="9qvW69usVnsTVSHB7d7x1jSNfJw=">AAACCXicbVC7TsMwFL0pr1JeAUYWiwqJqUoAAQtSBUvHItGH1ESV47qtVceJbAepSruy8CssDCDEyh+w8Te4bYbSciRLx+fce+17gpgzpR3nx8qtrK6tb+Q3C1vbO7t79v5BXUWJJLRGIh7JZoAV5UzQmmaa02YsKQ4DThvB4G7iNx6pVCwSD3oYUz/EPcG6jGBtpLaN2MjrRBp5VcU8iUWP05vKaO7WtotOyZkCLRM3I0XIUG3b32YgSUIqNOFYqZbrxNpPsdSMcDoueImiMSYD3KMtQwUOqfLT6SZjdGKUDupG0hyh0VSd70hxqNQwDExliHVfLXoT8T+vlejutZ8yESeaCjJ7qJtwpCM0iQV1mKRE86EhmEhm/opIH0tMtAmvYEJwF1deJvWzkntZOr+/KJZvszjycATHcAouXEEZKlCFGhB4ghd4g3fr2Xq1PqzPWWnOynoO4Q+sr1+uGJpW</latexit>

i| ̇i = H| i
<latexit sha1_base64="sDTX7sqMjPsrB5UMq/t6ROv6a/8=">AAACEnicbZDNSgMxFIUz9a/Wv6pLN8EitCBlRkXdCEU3Lis4baEzlEyatqGZzJDcEUrtM7jxVdy4UMStK3e+jWk7grZeCHyccy839wSx4Bps+8vKLCwuLa9kV3Nr6xubW/ntnZqOEkWZSyMRqUZANBNcMhc4CNaIFSNhIFg96F+N/fodU5pH8hYGMfND0pW8wykBI7XypXuvqnkRSp4isivYhVuEQ2jZP7qh1GnlC3bZnhSeByeFAkqr2sp/eu2IJiGTQAXRuunYMfhDooBTwUY5L9EsJrRPuqxpUJKQaX84OWmED4zSxp1ImScBT9TfE0MSaj0IA9MZEujpWW8s/uc1E+ic+0Mu4wSYpNNFnURgiPA4H9zmilEQAwOEKm7+immPKELBpJgzITizJ89D7ajsnJaPb04Klcs0jizaQ/uoiBx0hiroGlWRiyh6QE/oBb1aj9az9Wa9T1szVjqzi/6U9fENSxGcng==</latexit>

| (t)i = U(t, t0)| (t0)i

<latexit sha1_base64="N1mIom41CUgPcErz546GKs3HTSw=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6CJZbOdtGs3m7C7UUrs//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OChDOlHefbWlhcWl5ZLawV1zc2t7ZLO7sNFaeSYp3GPJatgCjkTGBdM82xlUgkUcCxGQyuxn7zAaVisbjVwwT9iPQECxkl2kh3T17SZ517TxLR49gplZ2KM4E9T9yclCFHrVP68roxTSMUmnKiVNt1Eu1nRGpGOY6KXqowIXRAetg2VJAIlZ9Nrh7Zh0bp2mEsTQltT9TfExmJlBpGgemMiO6rWW8s/ue1Ux1e+BkTSapR0OmiMOW2ju1xBHaXSaSaDw0hVDJzq037RBKqTVBFE4I7+/I8aRxX3LPKyc1puXqZx1GAfTiAI3DhHKpwDTWoAwUJz/AKb9aj9WK9Wx/T1gUrn9mDP7A+fwDijJLF</latexit>

|�ji
<latexit sha1_base64="vOHcSf91od6TmzggrpNHTiwZOPY=">AAACIHicbZDLSsNAFIYnXmu9RV26GSyCq5JUsW4KRTcuK9gLNGmYTKfttJNJmJkIJe2juPFV3LhQRHf6NE7TLLT1wMDP95/DmfP7EaNSWdaXsbK6tr6xmdvKb+/s7u2bB4cNGcYCkzoOWShaPpKEUU7qiipGWpEgKPAZafqjm5nffCBC0pDfq3FE3AD1Oe1RjJRGnlmOvGHF8WmfTRyGeJ8R6EQD6g0nTk1SR6Ro5otJp1RJofY6Jc8sWEUrLbgs7EwUQFY1z/x0uiGOA8IVZkjKtm1Fyk2QUBQzMs07sSQRwiPUJ20tOQqIdJP0wCk81aQLe6HQjyuY0t8TCQqkHAe+7gyQGshFbwb/89qx6l25CeVRrAjH80W9mEEVwllasEsFwYqNtUBYUP1XiAdIIKx0pnkdgr148rJolIr2ZfH87qJQvc7iyIFjcALOgA3KoApuQQ3UAQaP4Bm8gjfjyXgx3o2PeeuKkc0cgT9lfP8A9aKkFQ==</latexit>

pj =
��h�j | i

��2 = | j |2measurement in basis
<latexit sha1_base64="dByJC2hkdRrYCjGcOZRvxC5K/Fg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KomKuiy6cVnBPqAJYTKdtGMnkzAzEUvMr7hxoYhbf8Sdf+P0sdDWAxcO59zLvfeEKWdKO863tbS8srq2Xtoob25t7+zae5WWSjJJaJMkPJGdECvKmaBNzTSnnVRSHIectsPh9dhvP1CpWCLu9Cilfoz7gkWMYG2kwK54+ZOXDlhw70ks+px6RWBXnZozAVok7oxUYYZGYH95vYRkMRWacKxU13VS7edYakY4LcpepmiKyRD3addQgWOq/Hxye4GOjNJDUSJNCY0m6u+JHMdKjeLQdMZYD9S8Nxb/87qZji79nIk001SQ6aIo40gnaBwE6jFJieYjQzCRzNyKyABLTLSJq2xCcOdfXiStk5p7Xju9PavWr2ZxlOAADuEYXLiAOtxAA5pA4BGe4RXerMJ6sd6tj2nrkjWb2Yc/sD5/AJc0lM4=</latexit>

{|�ji}

probability to obtain

<latexit sha1_base64="o8XH4MUUWwT4BWKRpeeU0moxBgY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclURFXRbduKxgH9CEMJnetGMnkzAzEUvMr7hxoYhbf8Sdf+P0sdDWAxcO59zLvfeEKWdKO863tbS8srq2Xtoob25t7+zae5WWSjJJoUkTnshOSBRwJqCpmebQSSWQOOTQDofXY7/9AFKxRNzpUQp+TPqCRYwSbaTArnj5k0cHLLj3JBF9Dl4R2FWn5kyAF4k7I1U0QyOwv7xeQrMYhKacKNV1nVT7OZGaUQ5F2csUpIQOSR+6hgoSg/Lzye0FPjJKD0eJNCU0nqi/J3ISKzWKQ9MZEz1Q895Y/M/rZjq69HMm0kyDoNNFUcaxTvA4CNxjEqjmI0MIlczciumASEK1iatsQnDnX14krZOae147vT2r1q9mcZTQATpEx8hFF6iOblADNRFFj+gZvaI3q7BerHfrY9q6ZM1m9tEfWJ8/gteUwQ==</latexit>

{|�ji}
<latexit sha1_base64="EBFW3pxwKhOUOMkTRg2twFklWqg=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlBwIJUwcJYJPqQmhA5rtO6dZxgO0hV25mFX2FhACFWvoCNv8FNM0DLka50dM69uvceP2ZUKsv6NnILi0vLK/nVwtr6xuaWub1Tl1EiMKnhiEWi6SNJGOWkpqhipBkLgkKfkYbfv5r4jQciJI34rRrExA1Rh9OAYqS05Jn7917vYuQwxDuMOLhLvd7IqUrqiFQZ3ZU9s2iVrBRwntgZKYIMVc/8ctoRTkLCFWZIypZtxcodIqEoZmRccBJJYoT7qENamnIUEukO01fG8FArbRhEQhdXMFV/TwxRKOUg9HVniFRXznoT8T+vlajg3B1SHieKcDxdFCQMqghOcoFtKghWbKAJwoLqWyHuIoGw0ukVdAj27MvzpF4u2ael45uTYuUyiyMP9sABOAI2OAMVcA2qoAYweATP4BW8GU/Gi/FufExbc0Y2swv+wPj8AdPymv0=</latexit>

qj = |h�j | i|2measurement in basis

probability to obtain
<latexit sha1_base64="Fskj2YMxurvEcEwH90Mm+rw5bBg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6CJZbOdtGs3m7C7UUrs//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OChDOlHefbWlhcWl5ZLawV1zc2t7ZLO7sNFaeSYp3GPJatgCjkTGBdM82xlUgkUcCxGQyuxn7zAaVisbjVwwT9iPQECxkl2kh3Tx7ts869J4noceyUyk7FmcCeJ25OypCj1il9ed2YphEKTTlRqu06ifYzIjWjHEdFL1WYEDogPWwbKkiEys8mV4/sQ6N07TCWpoS2J+rviYxESg2jwHRGRPfVrDcW//PaqQ4v/IyJJNUo6HRRmHJbx/Y4ArvLJFLNh4YQKpm51aZ9IgnVJqiiCcGdfXmeNI4r7lnl5Oa0XL3M4yjAPhzAEbhwDlW4hhrUgYKEZ3iFN+vRerHerY9p64KVz+zBH1ifP85Jkrg=</latexit>

|�ji



Quantum mechanics

<latexit sha1_base64="+Ln4Ymf98kqEBIHGzEZ9DLt67Os="></latexit>

| i =
X

jk...

 jk...|�ji ⌦ |�ki ⌦ . . .

exponential scaling

independent measurements



Quantum mechanics

<latexit sha1_base64="+dpC1yWegamG8MGMxY7+ech0ZYo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQkgYEGqYOlYJPqQmihyHKd16ziR7SBVoZ/Awq+wMIAQKyMbf4PbZqAtR7J0dM49ur7HTxiVyrJ+jMLS8srqWnG9tLG5tb1j7u41ZZwKTBo4ZrFo+0gSRjlpKKoYaSeCoMhnpOUPbsd+64EISWN+r4YJcSPU5TSkGCkteeZx7dGpS+r1HYF4l5Frh+lwgLz+rO6ZZatiTQAXiZ2TMshR98xvJ4hxGhGuMENSdmwrUW6GhKKYkVHJSSVJEB6gLuloylFEpJtNDhrBI60EMIyFflzBifo3kaFIymHk68kIqZ6c98bif14nVeGVm1GepIpwPF0UpgyqGI7bgQEVBCs21ARhQfVfIe4hgbDSHZZ0Cfb8yYukeVqxLypnd+fl6k1eRxEcgENwAmxwCaqgBuqgATB4Ai/gDbwbz8ar8WF8TkcLRp7ZBzMwvn4BgiudiA==</latexit>

H| ji = �j | ji

eigenstates

problem Hamiltonian :

an eigenstate contains the full information

on the solution of  the problem



problem Hamiltonian

lattice basis vectors
<latexit sha1_base64="ZBMDYVJMN1zLcjvxK6AJEejM41U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbymY7aZduNnF3Uyihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZVanREygl3eLZXdijsDWSZeTsqQo9YtfXV6MUsjlIYJqnXbcxPjZ1QZzgROip1UY0LZkPaxbamkEWo/m907IadW6ZEwVrakITP190RGI63HUWA7I2oGetGbiv957dSEN37GZZIalGy+KEwFMTGZPk96XCEzYmwJZYrbWwkbUEWZsREVbQje4svLpHFe8a4qFw+X5eptHkcBjuEEzsCDa6jCPdSgDgwEPMMrvDlPzovz7nzMW1ecfOYI/sD5/AGmGI+5</latexit>

~ei

<latexit sha1_base64="A34Ntp4Xk5kMQlH4D8ekMyGpvvk=">AAACAXicbVDLSgMxFM3UV62vqhvBTbAIrsqMiroRim5cVrAPaIchk962oUlmSDKFMtSNv+LGhSJu/Qt3/o3ptAttPXDh5Jx7yb0njDnTxnW/ndzS8srqWn69sLG5tb1T3N2r6yhRFGo04pFqhkQDZxJqhhkOzVgBESGHRji4nfiNISjNIvlgRjH4gvQk6zJKjJWC4kF7CBQ3r9s6EQGTAcveELCgWHLLbga8SLwZKaEZqkHxq92JaCJAGsqJ1i3PjY2fEmUY5TAutBMNMaED0oOWpZII0H6aXTDGx1bp4G6kbEmDM/X3REqE1iMR2k5BTF/PexPxP6+VmO6VnzIZJwYknX7UTTg2EZ7EgTtMATV8ZAmhitldMe0TRaixoRVsCN78yYukflr2Lspn9+elys0sjjw6REfoBHnoElXQHaqiGqLoET2jV/TmPDkvzrvzMW3NObOZffQHzucP3/iWiA==</latexit>

~X =
X

i

ni~eigeneral lattice vector

<latexit sha1_base64="M3fEZp+E5K3zMUlsyjsRY5Ez9e8=">AAACFXicbVDLSgMxFM34rPVVdekmWAQXUmZU1I1QdOOygn1Apw6Z9LZNm8kMSaZQpv0JN/6KGxeKuBXc+Tem7Sy09cDlHs65l+QeP+JMadv+thYWl5ZXVjNr2fWNza3t3M5uRYWxpFCmIQ9lzScKOBNQ1kxzqEUSSOBzqPq9m7Ff7YNULBT3ehBBIyBtwVqMEm0kL3c8dPtAcW34cHLlqjjwEtYdCY8Jr+viiQUeS3vXy+Xtgj0BnidOSvIoRcnLfbnNkMYBCE05Uaru2JFuJERqRjmMsm6sICK0R9pQN1SQAFQjmVw1wodGaeJWKE0JjSfq742EBEoNAt9MBkR31Kw3Fv/z6rFuXTYSJqJYg6DTh1oxxzrE44hwk0mgmg8MIVQy81dMO0QSqk2QWROCM3vyPKmcFJzzwundWb54ncaRQfvoAB0hB12gIrpFJVRGFD2iZ/SK3qwn68V6tz6mowtWurOH/sD6/AEvZ57V</latexit>

| ~X|2 =
X

ij

ninj ~ei~ejlength of lattice vector

<latexit sha1_base64="pOKpd7l6JJ02GG/DfSklhRFWsPo=">AAAB73icbVBNSwMxEM3Wr1q/qh69BIvgacmqtJ6k4MVjBVsL7VKy6Wwbms2uSbZQlv4JLx4U8erf8ea/MW0X1OqDgcd7M8zMCxLBtSHk0ymsrK6tbxQ3S1vbO7t75f2Dlo5TxaDJYhGrdkA1CC6habgR0E4U0CgQcB+Mrmf+/RiU5rG8M5ME/IgOJA85o8ZK7e4YGIae1ytXiFslxKvWMHHJHN/Ey0kF5Wj0yh/dfszSCKRhgmrd8Uhi/Iwqw5mAaambakgoG9EBdCyVNALtZ/N7p/jEKn0cxsqWNHiu/pzIaKT1JApsZ0TNUC97M/E/r5Oa8NLPuExSA5ItFoWpwCbGs+dxnytgRkwsoUxxeytmQ6ooMzaikg3BW375L2mduV7VPb+9qNSv8jiK6Agdo1PkoRqqoxvUQE3EkECP6Bm9OA/Ok/PqvC1aC04+c4h+wXn/Am2ej5E=</latexit>

~e1

<latexit sha1_base64="0DHzv7Uo8jqwW978mlHCKQ7N3E4=">AAAB73icbVBNSwMxEM3Wr1q/qh69BIvgaclWaT1JwYvHCvYD2qVk09k2NJtdk2yhlP4JLx4U8erf8ea/MW0X1OqDgcd7M8zMCxLBtSHk08mtrW9sbuW3Czu7e/sHxcOjpo5TxaDBYhGrdkA1CC6hYbgR0E4U0CgQ0ApGN3O/NQaleSzvzSQBP6IDyUPOqLFSuzsGhqFX7hVLxK0Q4lWqmLhkgW/iZaSEMtR7xY9uP2ZpBNIwQbXueCQx/pQqw5mAWaGbakgoG9EBdCyVNALtTxf3zvCZVfo4jJUtafBC/TkxpZHWkyiwnRE1Q73qzcX/vE5qwit/ymWSGpBsuShMBTYxnj+P+1wBM2JiCWWK21sxG1JFmbERFWwI3urLf0mz7HoV9+LuslS7zuLIoxN0is6Rh6qohm5RHTUQQwI9omf04jw4T86r87ZszTnZzDH6Bef9C28ij5I=</latexit>

~e2



problem Hamiltonian

<latexit sha1_base64="wl9JdTs1jvpc7qkH0SsIlagxo8s=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHajqCcJePEYwTwwWcLspDcZMju7zMwKIeYvvHhQxKt/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldW89t5De3tnd2C3v7dR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMbiZ+4xGV5rG8N8ME/Yj2JA85o8ZKD0+n5baisiewUyi6JXcKski8jBQhQ7VT+Gp3Y5ZGKA0TVOuW5ybGH1FlOBM4zrdTjQllA9rDlqWSRqj90fTiMTm2SpeEsbIlDZmqvydGNNJ6GAW2M6Kmr+e9ifif10pNeOWPuExSg5LNFoWpICYmk/dJlytkRgwtoUxxeythfaooMzakvA3Bm395kdTLJe+idHZ3XqxcZ3Hk4BCO4AQ8uIQK3EIVasBAwjO8wpujnRfn3fmYtS452cwB/IHz+QMkwpCS</latexit>

|� 2i

<latexit sha1_base64="NcKFAgfsEYKOsE8wGnNF/awU8dg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrop4k4MVjBPPAZAmzk95kyOzsMjMrhDV/4cWDIl79G2/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGN2O/8YhK81jem2GCfkR7koecUWOlh6cTr62o7AnsFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Nrl4RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIyfp90uUJmxNASyhS3txLWp4oyY0Mq2BC8+ZcXSf207F2Uz+7OS5XrWRx5OIBDOAYPLqECt1CFGjCQ8Ayv8OZo58V5dz6mrTlnNrMPf+B8/gAjN5CR</latexit>

|� 1i

<latexit sha1_base64="DgC8bAZyG95tjb2/uda7dDVAefI=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lURFPUnBi8cK9kPaUDbbSbt0dxN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjed9O0vLK6tr64WN4ubW9s5uaW+/oeNUUazTmMeqFRKNnEmsG2Y4thKFRIQcm+HwZuI3H1FpFst7M0owEKQvWcQoMVZ6ePI6isg+x26p7FW8KdxF4uekDDlq3dJXpxfTVKA0lBOt276XmCAjyjDKcVzspBoTQoekj21LJRGog2x68Ng9tkrPjWJlSxp3qv6eyIjQeiRC2ymIGeh5byL+57VTE10FGZNJalDS2aIo5a6J3cn3bo8ppIaPLCFUMXurSwdEEWpsRkUbgj//8iJpnFb8i8rZ3Xm5ep3HUYBDOIIT8OESqnALNagDBQHP8ApvjnJenHfnY9a65OQzB/AHzucPtpGQWQ==</latexit>

|0i

<latexit sha1_base64="6N0KI14pwtubHbqwkSwrz9mIJZA=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lURFPUnBi8cK9kPaUDbbSbt0dxN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjed9O0vLK6tr64WN4ubW9s5uaW+/oeNUUazTmMeqFRKNnEmsG2Y4thKFRIQcm+HwZuI3H1FpFst7M0owEKQvWcQoMVZ6ePI7isg+x26p7FW8KdxF4uekDDlq3dJXpxfTVKA0lBOt276XmCAjyjDKcVzspBoTQoekj21LJRGog2x68Ng9tkrPjWJlSxp3qv6eyIjQeiRC2ymIGeh5byL+57VTE10FGZNJalDS2aIo5a6J3cn3bo8ppIaPLCFUMXurSwdEEWpsRkUbgj//8iJpnFb8i8rZ3Xm5ep3HUYBDOIIT8OESqnALNagDBQHP8ApvjnJenHfnY9a65OQzB/AHzucPuByQWg==</latexit>

|1i

<latexit sha1_base64="ZNPmgAHb2eYKIIUsLZwZfSnfeMY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUU8S8OIxgnlIsoTZSW8yZHZ2mZkVQsxXePGgiFc/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6Z+8xGV5rG8N6ME/Yj2JQ85o8ZKD0+VjqKyL7BbLLlldwayTLyMlCBDrVv86vRilkYoDRNU67bnJsYfU2U4EzgpdFKNCWVD2se2pZJGqP3x7OAJObFKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNCpl76J8dndeql5nceThCI7hFDy4hCrcQg3qwCCCZ3iFN0c5L8678zFvzTnZzCH8gfP5A7mnkFs=</latexit>

|2i

interaction energy 
<latexit sha1_base64="usC/A/J92V6qOwIZ0EdU/CxJsMM=">AAACCXicbVC7TgJBFJ3FF+Jr1dJmIjGBArILRq0MiY0lJoIk7GYzO1xgwuwjM7MkZENr46/YWGiMrX9g5984wBYKnmQyJ+fcm3vv8WPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHbRklgkKLRjwSHZ9I4CyElmKKQycWQAKfw4M/upn5D2MQkkXhvZrE4AZkELI+o0RpyTNxqVIrO4oFIEsVu+xgZwwUg2dnf90zi1bVmgOvEjsjRZSh6ZlfTi+iSQChopxI2bWtWLkpEYpRDtOCk0iICR2RAXQ1DYke7abzS6b4TCs93I+EfqHCc/V3R0oCKSeBrysDooZy2ZuJ/3ndRPWv3JSFcaIgpItB/YRjFeFZLLjHBFDFJ5oQKpjeFdMhEYQqHV5Bh2Avn7xK2rWqfVGt350XG9dZHHl0gk5RCdnoEjXQLWqiFqLoET2jV/RmPBkvxrvxsSjNGVnPMfoD4/MHdRKXqA==</latexit>

(�2)⇥ (�1) ~e1~e3

prefactor <latexit sha1_base64="Ed+oWuzcrBvWYsJYIpgvX2y93QM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+p5vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1Wz+8vKrWbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gD/AY2e</latexit>n1

<latexit sha1_base64="LEmz/EJmTwP1tGFV9ki7M9de6B0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9yF61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4r5/cX5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gAAlI2f</latexit>n2

<latexit sha1_base64="DpW5BN5pCASE3obK5A9qP9UHUuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6kL3zXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPYzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndZPb+/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMCGI2g</latexit>n3

<latexit sha1_base64="Cn9k6zx5rZMgyJhaiRVuMfHf0Nc=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiCEKZUVE3SsGNywr2Am0ZMpkzbWgmGZJMoZTixldx40IRtz6FO9/G9LLQ1h8CH/85h5Pzhyln2njet7OwuLS8sppby69vbG5tuzu7VS0zRaFCJZeqHhINnAmoGGY41FMFJAk51MLu7ahe64HSTIoH00+hlZC2YDGjxFgrcPebPaC4fi0Cf0wQ+CfNTiSNDtyCV/TGwvPgT6GApioH7lczkjRLQBjKidYN30tNa0CUYZTDMN/MNKSEdkkbGhYFSUC3BuMThvjIOhGOpbJPGDx2f08MSKJ1PwltZ0JMR8/WRuZ/tUZm4qvWgIk0MyDoZFGccWwkHuWBI6aAGt63QKhi9q+Ydogi1NjU8jYEf/bkeaieFv2L4tn9eaF0M40jhw7QITpGPrpEJXSHyqiCKHpEz+gVvTlPzovz7nxMWhec6cwe+iPn8weiyJZO</latexit>

~X = n1~e1 + . . .

<latexit sha1_base64="wl9JdTs1jvpc7qkH0SsIlagxo8s=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHajqCcJePEYwTwwWcLspDcZMju7zMwKIeYvvHhQxKt/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldW89t5De3tnd2C3v7dR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMbiZ+4xGV5rG8N8ME/Yj2JA85o8ZKD0+n5baisiewUyi6JXcKski8jBQhQ7VT+Gp3Y5ZGKA0TVOuW5ybGH1FlOBM4zrdTjQllA9rDlqWSRqj90fTiMTm2SpeEsbIlDZmqvydGNNJ6GAW2M6Kmr+e9ifif10pNeOWPuExSg5LNFoWpICYmk/dJlytkRgwtoUxxeythfaooMzakvA3Bm395kdTLJe+idHZ3XqxcZ3Hk4BCO4AQ8uIQK3EIVasBAwjO8wpujnRfn3fmYtS452cwB/IHz+QMkwpCS</latexit>

|� 2i

<latexit sha1_base64="NcKFAgfsEYKOsE8wGnNF/awU8dg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrop4k4MVjBPPAZAmzk95kyOzsMjMrhDV/4cWDIl79G2/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGN2O/8YhK81jem2GCfkR7koecUWOlh6cTr62o7AnsFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Nrl4RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIyfp90uUJmxNASyhS3txLWp4oyY0Mq2BC8+ZcXSf207F2Uz+7OS5XrWRx5OIBDOAYPLqECt1CFGjCQ8Ayv8OZo58V5dz6mrTlnNrMPf+B8/gAjN5CR</latexit>

|� 1i

<latexit sha1_base64="DgC8bAZyG95tjb2/uda7dDVAefI=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lURFPUnBi8cK9kPaUDbbSbt0dxN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjed9O0vLK6tr64WN4ubW9s5uaW+/oeNUUazTmMeqFRKNnEmsG2Y4thKFRIQcm+HwZuI3H1FpFst7M0owEKQvWcQoMVZ6ePI6isg+x26p7FW8KdxF4uekDDlq3dJXpxfTVKA0lBOt276XmCAjyjDKcVzspBoTQoekj21LJRGog2x68Ng9tkrPjWJlSxp3qv6eyIjQeiRC2ymIGeh5byL+57VTE10FGZNJalDS2aIo5a6J3cn3bo8ppIaPLCFUMXurSwdEEWpsRkUbgj//8iJpnFb8i8rZ3Xm5ep3HUYBDOIIT8OESqnALNagDBQHP8ApvjnJenHfnY9a65OQzB/AHzucPtpGQWQ==</latexit>

|0i

<latexit sha1_base64="6N0KI14pwtubHbqwkSwrz9mIJZA=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lURFPUnBi8cK9kPaUDbbSbt0dxN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjed9O0vLK6tr64WN4ubW9s5uaW+/oeNUUazTmMeqFRKNnEmsG2Y4thKFRIQcm+HwZuI3H1FpFst7M0owEKQvWcQoMVZ6ePI7isg+x26p7FW8KdxF4uekDDlq3dJXpxfTVKA0lBOt276XmCAjyjDKcVzspBoTQoekj21LJRGog2x68Ng9tkrPjWJlSxp3qv6eyIjQeiRC2ymIGeh5byL+57VTE10FGZNJalDS2aIo5a6J3cn3bo8ppIaPLCFUMXurSwdEEWpsRkUbgj//8iJpnFb8i8rZ3Xm5ep3HUYBDOIIT8OESqnALNagDBQHP8ApvjnJenHfnY9a65OQzB/AHzucPuByQWg==</latexit>

|1i

<latexit sha1_base64="ZNPmgAHb2eYKIIUsLZwZfSnfeMY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUU8S8OIxgnlIsoTZSW8yZHZ2mZkVQsxXePGgiFc/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6Z+8xGV5rG8N6ME/Yj2JQ85o8ZKD0+VjqKyL7BbLLlldwayTLyMlCBDrVv86vRilkYoDRNU67bnJsYfU2U4EzgpdFKNCWVD2se2pZJGqP3x7OAJObFKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNCpl76J8dndeql5nceThCI7hFDy4hCrcQg3qwCCCZ3iFN0c5L8678zFvzTnZzCH8gfP5A7mnkFs=</latexit>

|2i



problem Hamiltonian

with eigen-energies

find first excited state, or some low-energy state

linear dispersion 

<latexit sha1_base64="CVZdx1pgdeJWdSHWI9DkeF2YopU=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZV1EYI2qRMwDwguyyzk5tkktkHM7OBsOQLbPwVGwtFbK3t/BsnyRaaeOByD+fcy8w9fsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoKaNEUGjQiEei7RMJnIXQUExxaMcCSOBzaPmj+5nfGoOQLAof1CQGNyD9kPUYJUpLnlmqevGtI5PAS9lwWvdY3Rs62BkDxeCxrA89s2iVrTnwKrEzUkQZap755XQjmgQQKsqJlB3bipWbEqEY5TAtOImEmNAR6UNH05AEIN10fs4Ul7TSxb1I6AoVnqu/N1ISSDkJfD0ZEDWQy95M/M/rJKp346YsjBMFIV081Es4VhGeZYO7TABVfKIJoYLpv2I6IIJQpRMs6BDs5ZNXSfO8bF+VL+qXxcpdFkcenaBTdIZsdI0qqIpqqIEoekTP6BW9GU/Gi/FufCxGc0a2c4z+wPj8AZhrm9I=</latexit>

Hp =
X

ij

QiQj ~ei~ejproblem Hamiltonian

properties

of the lattice

<latexit sha1_base64="Il/TSOhSbLM7UAt48goXObUw+i0=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoAAQtSBQtjK9GH1ESR4zqtW8eJbAepSruw8CssDCDEyj+w8Te4aQZoOdLVPTrnXtn3+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT84e3Ubz0QIWnE79UoJm6IepwGFCOlJc88rF87Mgm9wWA8cATiPUYcljU4GHtm2apYGeAisXNSBjlqnvnldCOchIQrzJCUHduKlZsioShmZFJyEklihIeoRzqachQS6abZFRN4rJUuDCKhiyuYqb83UhRKOQp9PRki1Zfz3lT8z+skKrhyU8rjRBGOZw8FCYMqgtNIYJcKghUbaYKwoPqvEPeRQFjp4Eo6BHv+5EXSPK3YF5Wz+nm5epPHUQQH4AicABtcgiq4AzXQABg8gmfwCt6MJ+PFeDc+ZqMFI9/ZB39gfP4A136YzQ==</latexit>

Q =
X

j

j|jihj|

<latexit sha1_base64="qiCSNiQyX+4ueQQTtkR+pKRm3A8=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZUZF3QhFNy4r2Ad0ypBJb9u0SWZIMoUy9Dvc+CtuXCjiTtz4N6btLLT1wOUezrmX5J4w5kwb1/12lpZXVtfWcxv5za3tnd3C3n5NR4miUKURj1QjJBo4k1A1zHBoxAqICDnUw8HtxK8PQWkWyQcziqElSFeyDqPEWCkoeH4koEuC1B8CxXJ87etEBCnrj2XAZND38dSAgGW9HxSKbsmdAi8SLyNFlKESFD79dkQTAdJQTrRuem5sWilRhlEO47yfaIgJHZAuNC2VRIBupdPTxvjYKm3ciZQtafBU/b2REqH1SIR2UhDT0/PeRPzPayamc9VKmYwTA5LOHuokHJsIT3LCbaaAGj6yhFDF7F8x7RFFqLFp5m0I3vzJi6R2WvIuSmf358XyTRZHDh2iI3SCPHSJyugOVVAVUfSIntErenOenBfn3fmYjS452c4B+gPn6wfIkqFR</latexit>

!~n =
X

ij

ninj ~ei~ej



Adiabatic Quantum Computation

complicated problem Hamiltonian <latexit sha1_base64="yYveVDM/+RMj/q9s+92//I3SX7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1JMUvPRY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUr3df7Sb9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOpdVs/vLiq1mzyOIhzBMZyCB1dQgzo0oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4BI3SNsw==</latexit>

Hp

simple driver Hamiltonian <latexit sha1_base64="XWgtxw4ieD5js2GzmITzJGurxS4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1JMUvPRY0X5AG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPpg4PHeDDPzglRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlk4yxbDJEpGoTkA1Ci6xabgR2EkV0jgQ2A5GtzO//YhK80Q+mHGKfkwHkkecUWOl+3o/7JcrbtWdg/wlXk4qkKPRL3/2woRlMUrDBNW667mp8SdUGc4ETku9TGNK2YgOsGuppDFqfzI/dUpOrBKSKFG2pCFz9efEhMZaj+PAdsbUDPWyNxP/87qZia79CZdpZlCyxaIoE8QkZPY3CblCZsTYEsoUt7cSNqSKMmPTKdkQvOWX/5LWWdW7rJ7fXVRqN3kcRTiCYzgFD66gBnVoQBMYDOAJXuDVEc6z8+a8L1oLTj5zCL/gfHwDEUSNpw==</latexit>

Hd

adiabatic dynamics
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<latexit sha1_base64="sO4OKSryFKnj7k0/pbGGUCkb5Lc=">AAACAXicbZBNS8MwGMfT+TbnW9WL4CU4hA1xtCrqRRl46XGCe4GtlDRNt7A0LUkqjDEvfhUvHhTx6rfw5rcx3XrQ6QMhP/7/5yF5/n7CqFSW9WUUFhaXlleKq6W19Y3NLXN7pyXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3iT+e17IiSN+Z0aJcSNUJ/TkGKktOSZe05FVa8q9nGo76rjBUcZOF7imWWrZk0L/gU7hzLIq+GZn70gxmlEuMIMSdm1rUS5YyQUxYxMSr1UkgThIeqTrkaOIiLd8XSDCTzUSgDDWOjDFZyqPyfGKJJyFPm6M0JqIOe9TPzP66YqvHTHlCepIhzPHgpTBlUMszhgQAXBio00ICyo/ivEAyQQVjq0kg7Bnl/5L7ROavZ57fT2rFy/zuMogn1wACrABhegDhzQAE2AwQN4Ai/g1Xg0no03433WWjDymV3wq4yPb0jklDs=</latexit>

H(t) = (1� f(t))Hd + f(t)Hp

<latexit sha1_base64="tI3D7UM2ed6n7aWcXSFJCz8OPWQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lU1JMUvHisYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdJf5rSeujYjVI44T7kd0oEQoGMVMCit41iuV3ao7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9CdUo2CST4vd1PCEshEd8I6likbc+JPZrVNyapU+CWNtSyGZqb8nJjQyZhwFtjOiODSLXib+53VSDG/8iVBJilyx+aIwlQRjkj1O+kJzhnJsCWVa2FsJG1JNGdp4ijYEb/HlZdI8r3pX1YuHy3LtNo+jAMdwAhXw4BpqcA91aACDITzDK7w5kfPivDsf89YVJ585gj9wPn8AZ7ON0Q==</latexit>

f(t)



Adiabatic Quantum Computation

David Joseph, Adam Callison, Cong Ling & FM, PRA 103, 032433 (2021)

occurrences in 900 runs

vector length (log scale)
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e



AQC and QAOA 

adiabatic dynamics <latexit sha1_base64="sO4OKSryFKnj7k0/pbGGUCkb5Lc=">AAACAXicbZBNS8MwGMfT+TbnW9WL4CU4hA1xtCrqRRl46XGCe4GtlDRNt7A0LUkqjDEvfhUvHhTx6rfw5rcx3XrQ6QMhP/7/5yF5/n7CqFSW9WUUFhaXlleKq6W19Y3NLXN7pyXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3iT+e17IiSN+Z0aJcSNUJ/TkGKktOSZe05FVa8q9nGo76rjBUcZOF7imWWrZk0L/gU7hzLIq+GZn70gxmlEuMIMSdm1rUS5YyQUxYxMSr1UkgThIeqTrkaOIiLd8XSDCTzUSgDDWOjDFZyqPyfGKJJyFPm6M0JqIOe9TPzP66YqvHTHlCepIhzPHgpTBlUMszhgQAXBio00ICyo/ivEAyQQVjq0kg7Bnl/5L7ROavZ57fT2rFy/zuMogn1wACrABhegDhzQAE2AwQN4Ai/g1Xg0no03433WWjDymV3wq4yPb0jklDs=</latexit>

H(t) = (1� f(t))Hd + f(t)Hp

<latexit sha1_base64="2e/6Kq/nz4zzaB78waEFPMCP+V8="></latexit>

exp (�i ((1� fj)Hd + fjHp)T ) ' exp (�i(1� fj)HdT ) exp (�ifjHpT )

ignore non-commutativity (short times) 

<latexit sha1_base64="tI3D7UM2ed6n7aWcXSFJCz8OPWQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lU1JMUvHisYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdJf5rSeujYjVI44T7kd0oEQoGMVMCit41iuV3ao7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9CdUo2CST4vd1PCEshEd8I6likbc+JPZrVNyapU+CWNtSyGZqb8nJjQyZhwFtjOiODSLXib+53VSDG/8iVBJilyx+aIwlQRjkj1O+kJzhnJsCWVa2FsJG1JNGdp4ijYEb/HlZdI8r3pX1YuHy3LtNo+jAMdwAhXw4BpqcA91aACDITzDK7w5kfPivDsf89YVJ585gj9wPn8AZ7ON0Q==</latexit>

f(t)discretise

<latexit sha1_base64="YKyDeEtOeascGg9/gPeuMALfYEI="></latexit>

| 2i = exp (�i ((1� f2)Hd + f2Hp)T ) | 1i

<latexit sha1_base64="GJh3/DYsH1j804i1vRZ2L2gZ9bM="></latexit>

| 1i = exp (�i ((1� f1)Hd + f1Hp)T ) | 0i

<latexit sha1_base64="tsk1hFHDEG4trTc3WVtga1BLUs4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWxom6UghuXFewDmhAmk0k7dDITZiZCiQV/xY0LRdz6He78G6dtFtp64MLhnHu5954wZVRpx/m2SkvLK6tr5fXKxubW9o69u9dWIpOYtLBgQnZDpAijnLQ01Yx0U0lQEjLSCYc3E7/zQKSigt/rUUr8BPU5jSlG2kiBffDoNRUN6p5EvM/IlTeIhFaBXXVqzhRwkbgFqYICzcD+8iKBs4RwjRlSquc6qfZzJDXFjIwrXqZIivAQ9UnPUI4Sovx8ev4YHhslgrGQpriGU/X3RI4SpUZJaDoTpAdq3puI/3m9TMeXfk55mmnC8WxRnDGoBZxkASMqCdZsZAjCkppbIR4gibA2iVVMCO78y4ukfVpzz2v1u7Nq47qIowwOwRE4AS64AA1wC5qgBTDIwTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AOEuVpw==</latexit>

| 3i = . . .



AQC and QAOA 

potentially really bad approximation

very few gates 

<latexit sha1_base64="RYUqwPZ1ryXvDxuwdGJSciOdgO0=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhHgwzKupJAl5yjJANMmHo6dQkTXoWumvEEAJe/BUvHhTx6k9482/sLAdNfFDweK+Kqnp+IrhC2/42MkvLK6tr2fXcxubW9o65u1dXcSoZ1FgsYtn0qQLBI6ghRwHNRAINfQENv3879hv3IBWPoyoOEmiHtBvxgDOKWvLMAxceEldAgIVTHnhO2UuqruTdHp54Zt4u2hNYi8SZkTyZoeKZX24nZmkIETJBlWo5doLtIZXImYBRzk0VJJT1aRdamkY0BNUeTn4YWcda6VhBLHVFaE3U3xNDGio1CH3dGVLsqXlvLP7ntVIMrttDHiUpQsSmi4JUWBhb40CsDpfAUAw0oUxyfavFelRShjq2nA7BmX95kdTPis5l8fzuIl+6mcWRJYfkiBSIQ65IiZRJhdQII4/kmbySN+PJeDHejY9pa8aYzeyTPzA+fwARk5cl</latexit>

exp (�if1HpT )
<latexit sha1_base64="k+B0RXgfpYPg1DKgKE6rU/i9HXw=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhHgwzUdSTBLzkGCEbZMLQ06lJmvQsdNeIIQS8+CtePCji1Z/w5t/YWQ4afVDweK+Kqnp+IrhC2/4yMkvLK6tr2fXcxubW9o65u9dQcSoZ1FksYtnyqQLBI6gjRwGtRAINfQFNf3Az8Zt3IBWPoxoOE+iEtBfxgDOKWvLMAxfuE1dAgIVTHnilipfUXMl7fTzxzLxdtKew/hJnTvJkjqpnfrrdmKUhRMgEVart2Al2RlQiZwLGOTdVkFA2oD1oaxrREFRnNP1hbB1rpWsFsdQVoTVVf06MaKjUMPR1Z0ixrxa9ifif104xuOqMeJSkCBGbLQpSYWFsTQKxulwCQzHUhDLJ9a0W61NJGerYcjoEZ/Hlv6RRKjoXxbPb83z5eh5HlhySI1IgDrkkZVIhVVInjDyQJ/JCXo1H49l4M95nrRljPrNPfsH4+AYTIpcm</latexit>

exp (�if2HpT )
<latexit sha1_base64="aQ5sJaxXU1ESSxvF7lLVk7gtChE=">AAACB3icbVDJSgNBEO2JW4xb1KMgg0FIDgkzKupJAl5yjJANMmHo6dQkTXoWumvEEHLz4q948aCIV3/Bm39jZzlo4oOCx3tVVNXzYsEVWta3kVpZXVvfSG9mtrZ3dvey+wcNFSWSQZ1FIpItjyoQPIQ6chTQiiXQwBPQ9Aa3E795D1LxKKzhMIZOQHsh9zmjqCU3e+zAQ+wI8DFf5Hm76Lt2oeJ2a47kvT4W3GzOKllTmMvEnpMcmaPqZr+cbsSSAEJkgirVtq0YOyMqkTMB44yTKIgpG9AetDUNaQCqM5r+MTZPtdI1/UjqCtGcqr8nRjRQahh4ujOg2FeL3kT8z2sn6F93RjyME4SQzRb5iTAxMiehmF0ugaEYakKZ5PpWk/WppAx1dBkdgr348jJpnJXsy9L53UWufDOPI02OyAnJE5tckTKpkCqpE0YeyTN5JW/Gk/FivBsfs9aUMZ85JH9gfP4AufqX8A==</latexit>

exp (�i(1� f1)HdT )
<latexit sha1_base64="UOCK0P+rHOHgQeTK+DiAWZLbYr8=">AAACDXicbVDJSgNBEO1xjXGLevQyGIXkkDCjop4k4CXHCNkgE4aenpqkSc9Cd40Ygj/gxV/x4kERr969+Td2loMmPih4vFdFVT0vEVyhZX0bS8srq2vrmY3s5tb2zm5ub7+p4lQyaLBYxLLtUQWCR9BAjgLaiQQaegJa3uBm7LfuQCoeR3UcJtANaS/iAWcUteTmjp2+H6Ny4D5xBARYKPGCXQrc02LV9euO5L0+Ft1c3ipbE5 iLxJ6RPJmh5ua+HD9maQgRMkGV6thWgt0RlciZgIeskypIKBvQHnQ0jWgIqjuafPNgnmjFN4NY6orQnKi/J0Y0VGoYerozpNhX895Y/M/rpBhcdUc8SlKEiE0XBakwMTbH0Zg+l8BQDDWhTHJ9q8n6VFKGOsCsDsGef3mRNE/L9kX57PY8X7mexZEhh+SIFIhNLkmFVEmNNAgjj+SZvJI348l4Md6Nj2nrkjGbOSB/YHz+ALMHmqs=</latexit>

. . . exp (�i(1� f2)HdT )

replace by <latexit sha1_base64="isjwxj4Nv79T25S0qwGKqQfeqkE=">AAACBXicbVDJSgNBEO2JW4zbqEc9NAYhHgwzKupJAl5yjGAWyITQ06lJmvQsdNeIIeTixV/x4kERr/6DN//GznLQ6IOCx3tVVNXzEyk0Os6XlVlYXFpeya7m1tY3Nrfs7Z2ajlPFocpjGauGzzRIEUEVBUpoJApY6Euo+/3rsV+/A6VFHN3iIIFWyLqRCARnaKS2ve/BfeJJCLBwLDwfkNFyu+Mp0e3hUdvOO0VnAvqXuDOSJzNU2van14l5GkKEXDKtm66TYGvIFAouYZTzUg0J433WhaahEQtBt4aTL0b00CgdGsTKVIR0ov6cGLJQ60Hom86QYU/Pe2PxP6+ZYnDZGoooSREiPl0UpJJiTMeR0I5QwFEODGFcCXMr5T2mGEcTXM6E4M6//JfUToruefH05ixfuprFkSV75IAUiEsuSImUSYVUCScP5Im8kFfr0Xq23qz3aWvGms3skl+wPr4BljqX+w==</latexit>

exp (�i�Hd)
<latexit sha1_base64="3ZxBpg8xM1uxdem/DdWvtiykk2k=">AAACBnicbVBNS8NAEN3U7/oV9SjCYhH0YElU1JMIXnqsYFVoQtlsJ+nS3STsTsRSevLiX/HiQRGv/gZv/hu3tQe/Hgw83pthZl6US2HQ8z6c0sTk1PTM7Fx5fmFxadldWb00WaE5NHgmM30dMQNSpNBAgRKucw1MRRKuou7Z0L+6AW1Ell5gL4dQsSQVseAMrdRyNwK4zQMJMW7viiBhSjFaa+WBFkkHd1puxat6I9C/xB+TChmj3nLfg3bGCwUpcsmMafpejmGfaRRcwqAcFAZyxrssgaalKVNgwv7ojQHdskqbxpm2lSIdqd8n+kwZ01OR7VQMO+a3NxT/85oFxsdhX6R5gZDyr0VxISlmdJgJbQsNHGXPEsa1sLdS3mGacbTJlW0I/u+X/5LLvap/WN0/P6icnozjmCXrZJNsE58ckVNSI3XSIJzckQfyRJ6de+fReXFev1pLznhmjfyA8/YJdPuYeA==</latexit>

exp (�i�Hp)



sampling

<latexit sha1_base64="f9bScBLYuf/JQJWKrE5NCc/z0AM="></latexit>

| �i = exp
⇣
�i

⇡

4
HdT

⌘
exp (�i�HpT ) | 0i

size of each subsystem (log-scale)
<latexit sha1_base64="wl9JdTs1jvpc7qkH0SsIlagxo8s=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHajqCcJePEYwTwwWcLspDcZMju7zMwKIeYvvHhQxKt/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldW89t5De3tnd2C3v7dR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMbiZ+4xGV5rG8N8ME/Yj2JA85o8ZKD0+n5baisiewUyi6JXcKski8jBQhQ7VT+Gp3Y5ZGKA0TVOuW5ybGH1FlOBM4zrdTjQllA9rDlqWSRqj90fTiMTm2SpeEsbIlDZmqvydGNNJ6GAW2M6Kmr+e9ifif10pNeOWPuExSg5LNFoWpICYmk/dJlytkRgwtoUxxeythfaooMzakvA3Bm395kdTLJe+idHZ3XqxcZ3Hk4BCO4AQ8uIQK3EIVasBAwjO8wpujnRfn3fmYtS452cwB/IHz+QMkwpCS</latexit>

|� 2i

<latexit sha1_base64="NcKFAgfsEYKOsE8wGnNF/awU8dg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrop4k4MVjBPPAZAmzk95kyOzsMjMrhDV/4cWDIl79G2/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGN2O/8YhK81jem2GCfkR7koecUWOlh6cTr62o7AnsFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Nrl4RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIyfp90uUJmxNASyhS3txLWp4oyY0Mq2BC8+ZcXSf207F2Uz+7OS5XrWRx5OIBDOAYPLqECt1CFGjCQ8Ayv8OZo58V5dz6mrTlnNrMPf+B8/gAjN5CR</latexit>

|� 1i

<latexit sha1_base64="DgC8bAZyG95tjb2/uda7dDVAefI=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lURFPUnBi8cK9kPaUDbbSbt0dxN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjed9O0vLK6tr64WN4ubW9s5uaW+/oeNUUazTmMeqFRKNnEmsG2Y4thKFRIQcm+HwZuI3H1FpFst7M0owEKQvWcQoMVZ6ePI6isg+x26p7FW8KdxF4uekDDlq3dJXpxfTVKA0lBOt276XmCAjyjDKcVzspBoTQoekj21LJRGog2x68Ng9tkrPjWJlSxp3qv6eyIjQeiRC2ymIGeh5byL+57VTE10FGZNJalDS2aIo5a6J3cn3bo8ppIaPLCFUMXurSwdEEWpsRkUbgj//8iJpnFb8i8rZ3Xm5ep3HUYBDOIIT8OESqnALNagDBQHP8ApvjnJenHfnY9a65OQzB/AHzucPtpGQWQ==</latexit>

|0i

<latexit sha1_base64="6N0KI14pwtubHbqwkSwrz9mIJZA=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lURFPUnBi8cK9kPaUDbbSbt0dxN2N0KJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjed9O0vLK6tr64WN4ubW9s5uaW+/oeNUUazTmMeqFRKNnEmsG2Y4thKFRIQcm+HwZuI3H1FpFst7M0owEKQvWcQoMVZ6ePI7isg+x26p7FW8KdxF4uekDDlq3dJXpxfTVKA0lBOt276XmCAjyjDKcVzspBoTQoekj21LJRGog2x68Ng9tkrPjWJlSxp3qv6eyIjQeiRC2ymIGeh5byL+57VTE10FGZNJalDS2aIo5a6J3cn3bo8ppIaPLCFUMXurSwdEEWpsRkUbgj//8iJpnFb8i8rZ3Xm5ep3HUYBDOIIT8OESqnALNagDBQHP8ApvjnJenHfnY9a65OQzB/AHzucPuByQWg==</latexit>

|1i

<latexit sha1_base64="ZNPmgAHb2eYKIIUsLZwZfSnfeMY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUU8S8OIxgnlIsoTZSW8yZHZ2mZkVQsxXePGgiFc/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6Z+8xGV5rG8N6ME/Yj2JQ85o8ZKD0+VjqKyL7BbLLlldwayTLyMlCBDrVv86vRilkYoDRNU67bnJsYfU2U4EzgpdFKNCWVD2se2pZJGqP3x7OAJObFKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNCpl76J8dndeql5nceThCI7hFDy4hCrcQg3qwCCCZ3iFN0c5L8678zFvzTnZzCH8gfP5A7mnkFs=</latexit>

|2i



energy expectation

<latexit sha1_base64="ncvHu8L277VYoGTqm3VNICjzr0g="></latexit>

h 0| exp (i�Hp) exp
⇣
i
⇡

4
Hd

⌘
Hp exp

⇣
�i

⇡

4
Hd

⌘
exp (�i�Hp) | 0i

expectation value of problem Hamiltonian
<latexit sha1_base64="Z0qZD6g2yA3rKHjS/SkV/hymMo8=">AAACHnicbVDLSgMxFM3UVx1fVZduBovgqsz43igFN11WsA/olOFOmmlDk8yQZITS9kvc+CtuXCgiuNK/MW1nUasHAifnnEtyT5gwqrTrflu5peWV1bX8ur2xubW9U9jdq6s4lZjUcMxi2QxBEUYFqWmqGWkmkgAPGWmE/duJ33ggUtFY3OtBQtocuoJGFIM2UlA493ka+F3gHK5tn4HoMuJXFc20USVIRnN3X04TQaHoltwpnL/Ey0gRZagGhU+/E+OUE6ExA6Vanpvo9hCkppiRse2niiSA+9AlLUMFcKLaw+l6Y+fIKB0niqU5QjtTdX5iCFypAQ9NkoPuqUVvIv7ntVIdXbWHVCSpJgLPHopS5ujYmXTldKgkWLOBIYAlNX91cA8kYG0atU0J3uLKf0n9pORdlE7vzorlm6yOPDpAh+gYeegSlVEFVVENYfSIntErerOerBfr3fqYRXNWNrOPfsH6+gFaQKND</latexit>

µ� = h � |Hp| �i

<latexit sha1_base64="Ta/HatssjjqnE2+CyCjgMgUH6Bw=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIt2pUU3LisYB/QhDKZ3rRDJ5MwMxFKyMKNv+LGhSJu/Qh3/o2TNgttPTDM4Zx7ufceP2ZUKtv+Nkpr6xubW+Xtys7u3v6BeXjUlVEiCHRIxCLR97EERjl0FFUM+rEAHPoMev70Jvd7DyAkjfi9msXghXjMaUAJVloamlU34SMQvsAEUnci4/xv1JskzLKhWbPr9hzWKnEKUkMF2kPzyx1FJAmBK8KwlAPHjpWXYqEoYZBV3ESCHjDFYxhoynEI0kvnR2TWqVZGVhAJ/biy5urvjhSHUs5CX1eGWE3kspeL/3mDRAVNL6U8ThRwshgUJMxSkZUnYo2oAKLYTBNMBNW7WmSCdSBK51bRITjLJ6+S7nnduaxf3DVqresijjKqohN0hhx0hVroFrVRBxH0iJ7RK3oznowX4934WJSWjKLnGP2B8fkDFsiYXg==</latexit>

| {z }
difficult to construct

<latexit sha1_base64="YBW8YMJ1jV73npk1LAmxveWcFXM=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgKiRWtCspuHFZwT6gLWUyvWmHTiZhZiKU0IUbf8WNC0Xc+hHu/BsnbRbaemCYwzn3cu89fsyZ0q77bRXW1jc2t4rbpZ3dvf0D+/CopaJEUmjSiEey4xMFnAloaqY5dGIJJPQ5tP3JTea3H0AqFol7PY2hH5KRYAGjRBtpYJd7iRiC9CWhkPbGKs7+mlOl4Ww2sCuu486BV4mXkwrK0RjYX71hRJMQhKacKNX13Fj3UyI1oxxmpV6iwAyYkBF0DRUkBNVP50fM8KlRhjiIpHlC47n6uyMloVLT0DeVIdFjtexl4n9eN9FBrZ8yEScaBF0MChKOdYSzRPCQSaCaTw0hVDKzK6ZjYgLRJreSCcFbPnmVtM4d79Kp3l1U6td5HEVURifoDHnoCtXRLWqgJqLoET2jV/RmPVkv1rv1sSgtWHnPMfoD6/MHFUiYXQ==</latexit>| {z }

feasible



SVP Hamiltonian

<latexit sha1_base64="CVZdx1pgdeJWdSHWI9DkeF2YopU=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZV1EYI2qRMwDwguyyzk5tkktkHM7OBsOQLbPwVGwtFbK3t/BsnyRaaeOByD+fcy8w9fsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoKaNEUGjQiEei7RMJnIXQUExxaMcCSOBzaPmj+5nfGoOQLAof1CQGNyD9kPUYJUpLnlmqevGtI5PAS9lwWvdY3Rs62BkDxeCxrA89s2iVrTnwKrEzUkQZap755XQjmgQQKsqJlB3bipWbEqEY5TAtOImEmNAR6UNH05AEIN10fs4Ul7TSxb1I6AoVnqu/N1ISSDkJfD0ZEDWQy95M/M/rJKp346YsjBMFIV081Es4VhGeZYO7TABVfKIJoYLpv2I6IIJQpRMs6BDs5ZNXSfO8bF+VL+qXxcpdFkcenaBTdIZsdI0qqIpqqIEoekTP6BW9GU/Gi/FufCxGc0a2c4z+wPj8AZhrm9I=</latexit>

Hp =
X

ij

QiQj ~ei~ej

problem Hamiltonian
<latexit sha1_base64="0fkLuv3ehgCqNAkRyindz6xOHD4=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAiKGHajqI0SsLFMwDwwG5fZyWwyyeyDmVkhDPsNNv6KjYUitlZ2/o2TZAtNPHDhcM693HuPFzMqpGV9G3PzC4tLy7mV/Ora+samubVdF1HCManhiEW86SFBGA1JTVLJSDPmBAUeIw1vcD3yGw+ECxqFt3IYk3aAuiH1KUZSS655WHXppSOSwO2X7lX/2E7vXEX76ZHjc4SVcjwf2mmqSqlrFqyiNQacJXZGCiBDxTW/nE6Ek4CEEjMkRMu2YtlWiEuKGUnzTiJIjPAAdUlL0xAFRLTV+KUU7mulA/2I6wolHKu/JxQKhBgGnu4MkOyJaW8k/ue1EulftBUN40SSEE8W+QmDMoKjfGCHcoIlG2qCMKf6Voh7SGchdYp5HYI9/fIsqZeK9lnxpHpaKF9lceTALtgDB8AG56AMbkAF1AAGj+AZvII348l4Md6Nj0nrnJHN7IA/MD5/AOYtnZ8=</latexit>

Qi =
X

j

2j�1Zij +
1

2

second basis vector 

third basis vector 

<latexit sha1_base64="XlFY1laYWWIczgeiBqiGQJ+cyhE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGUS9KwIvHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfy0Yxj9EM6kLzPGTVWeuDXlW6x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpVMreRfns/rxUvcniyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPxAmNdA==</latexit>

i = 2

<latexit sha1_base64="6zAdWHiI/k0F3vjF3xuv6H8N2VE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaUS9KwIvHiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfy0Yxj9EM6kLzPGTVWeuDXlW6x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJW9i3Ll/rxUvcniyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPxY2NdQ==</latexit>

i = 3

coupling operator

first basis vector <latexit sha1_base64="Ym9zMkSMyMe7ojr6M21ihhidQ+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1ItS8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmBYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK9/zK65UrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV0/vziq16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwDwoWNcw==</latexit>

i = 1

<latexit sha1_base64="6A1Tf8/rv9TPivAeuhSdMi7a3Oo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqBcl4MVjRPOAZAmzk95kzOzsMjMrhCWf4MWDIl79Im/+jZPHQRMLGoqqbrq7gkRwbVz328ktLa+sruXXCxubW9s7xd29uo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGN2O/8YRK81g+mGGCfkR7koecUWOl+8crr1MsuWV3ArJIvBkpwQzVTvGr3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5skqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrz0My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZfXiT1k7J3Xj69OytVrmdx5OEADuEYPLiACtxCFWrAoAfP8ApvjnBenHfnY9qac2Yz+/AHzucPxAuNdA==</latexit>

j = 1
<latexit sha1_base64="38TkkDeTaIdTMANBMZLZCN0TrpI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGUS9KwIvHiOYByRJmJ51kzOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuCmLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMYXU/95iMqzSN5b8Yx+iEdSN7njBor3T1cVrrFklt2ZyB/iZeREmSodYufnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9np07IkVV6pB8pW9KQmfpzIqWh1uMwsJ0hNUO96E3F/7x2YvoXfsplnBiUbL6onwhiIjL9m/S4QmbE2BLKFLe3EjakijJj0ynYELzFl/+SRqXsnZVPbk9L1assjjwcwCEcgwfnUIUbqEEdGAzgCV7g1RHOs/PmvM9bc042sw+/4Hx8A8WPjXU=</latexit>

j = 2
<latexit sha1_base64="vCQ2YvgNBPQH5ST8eM3WlENnW3Q=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARPYcb9ogS8eIxoFkiG0NOpSdr09AzdPUIY8glePCji1S/y5t/YWQ6a+KDg8V4VVfWCRHBtXPfbWVhcWl5Zza3l1zc2t7YLO7s1HaeKYZXFIlaNgGoUXGLVcCOwkSikUSCwHvRvRn79CZXmsXwwgwT9iHYlDzmjxkr3j1dn7ULRLbljkHniTUkRpqi0C1+tTszSCKVhgmrd9NzE+BlVhjOBw3wr1ZhQ1qddbFoqaYTaz8anDsmhVTokjJUtachY/T2R0UjrQRTYzoianp71RuJ/XjM14aWfcZmkBiWbLApTQUxMRn+TDlfIjBhYQpni9lbCelRRZmw6eRuCN/vyPKkdl7zz0sndabF8PY0jB/twAEfgwQWU4RYqUAUGXXiGV3hzhPPivDsfk9YFZzqzB3/gfP4AyhuNeA==</latexit>

j = 5
<latexit sha1_base64="NbG2DWFGqQbLgYHB7OtBCGG9jVE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB05JVaT1JwYvHFq0ttEvJptk2NJtdkqxQlv4ELx4U8eov8ua/MW0X1OqDgcd7M8zMCxLBtcH40ymsrK6tbxQ3S1vbO7t75f2Dex2nirIWjUWsOgHRTHDJWoYbwTqJYiQKBGsH4+uZ335gSvNY3plJwvyIDCUPOSXGSrfNvtcvV7Bbxdir1hB28RzfxMtJBXI0+uWP3iCmacSkoYJo3fVwYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3WKTqwyQGGsbEmD5urPiYxEWk+iwHZGxIz0sjcT//O6qQkv/YzLJDVM0sWiMBXIxGj2NxpwxagRE0sIVdzeiuiIKEKNTadkQ/CWX/5L7s9cr+qeNy8q9as8jiIcwTGcggc1qMMNNKAFFIbwCM/w4gjnyXl13hatBSefOYRfcN6/AO85jZE=</latexit>
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strong interactionsweak interactions



energy expectation

<latexit sha1_base64="ncvHu8L277VYoGTqm3VNICjzr0g="></latexit>

h 0| exp (i�Hp) exp
⇣
i
⇡

4
Hd

⌘
Hp exp

⇣
�i

⇡

4
Hd

⌘
exp (�i�Hp) | 0i

<latexit sha1_base64="ZDdcDntuTTkXy8EM4LB9LDglCF4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq6kYpCOKygn1AG8JkOmlHZ5IwMymU0D9x40IRt/6JO//GaZqFth64l8M59zJ3TpBwprTjfFulpeWV1bXyemVjc2t7x97da6k4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7eLqZ+u0RlYrF0YMeJ9QTeBCxkBGsjeTb9lVPpcLP2OPkNu++XXVqTg60SNyCVKFAw7e/ev2YpIJGmnCsVNd1Eu1lWGpGOJ1UeqmiCSZPeEC7hkZYUOVl+eUTdGSUPgpjaSrSKFd/b2RYKDUWgZkUWA/VvDcV//O6qQ4vvYxFSappRGYPhSlHOkbTGFCfSUo0HxuCiWTmVkSGWGKiTVgVE4I7/+VF0jqpuee10/uzav26iKMMB3AIx+DCBdThDhrQBAIjeIZXeLMy68V6tz5moyWr2NmHP7A+fwDp4JPX</latexit>

=
X

ij

Fij

all pairs of qubits only significant qubits 

all qubits 



energy expectation (simulated)

most significant qubits 
two most significant qubits 

three most significant qubits 

David Joseph, Antonio Martinez, Cong Ling & FM, Phys. Rev. A (accepted) arXiv:2105.13106



truncation errors

<latexit sha1_base64="BZEfIabS5gM5gvYBkogwc4BFBKc=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiUY5ELx4xkY8EVtItXah0203bNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWpWH1KtN+8WSW3bnQKvEy0gJMjT6xa/eQJIkosIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupwBHVfjq/dorOrDJAoVS2hEFz9fdEiiOtJ1FgOyNsRnrZm4n/ed3EhDU/ZSJODBVksShMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBFWwI3vLLq6RVKXuX5Yu7aql+ncWRhxM4hXPw4ArqcAsNaAKBR3iGV3hzpPPivDsfi9ack80cwx84nz/ha46v</latexit>

218

<latexit sha1_base64="a53SIBNzGC4gVklPHR9pc8sXW+s=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY9ELx4xkY8EVtItXah0203bNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWpWHtFKd9oslt+zOgVaJl5ESZGj0i1+9gSRJRIUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSgSOq/XR+7RSdWWWAQqlsCYPm6u+JFEdaT6LAdkbYjPSyNxP/87qJCa/8lIk4MVSQxaIw4chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLAheMsvr5JWpezVyhd31VL9OosjDydwCufgwSXU4RYa0AQCj/AMr/DmSOfFeXc+Fq05J5s5hj9wPn8A3N2OrA==</latexit>

224

<latexit sha1_base64="mINfg+aHheM79HZECEqXxvUGVvY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmoX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfTmMvQ==</latexit>

1

<latexit sha1_base64="0nWSLwBT4lpFT9CjUmOGyEeQ/q0=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV006JHoxSNGeSSwktlhFibMzm5mek0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBw2TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm6nffOLaiFg94CjhfkT7SoSCUbTSffmx0i0U3ZI7A1kmXkaKkKHWLXx1ejFLI66QSWpM23MT9MdUo2CST/Kd1PCEsiHt87alikbc+OPZqRNyapUeCWNtSyGZqb8nxjQyZhQFtjOiODCL3lT8z2unGF75Y6GSFLli80VhKgnGZPo36QnNGcqRJZRpYW8lbEA1ZWjTydsQvMWXl0mjXPIqpfO7i2L1OosjB8dwAmfgwSVU4RZqUAcGfXiGV3hzpPPivDsf89YVJ5s5gj9wPn8AqaiNZg==</latexit>

26

<latexit sha1_base64="xxHvut6LYs/UemgkbnuT2WLcl5Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWrWH1KtN++WKW3UzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP82unaITqwxQKJUtYVCm/p5IcaT1JApsZ4TNSC96M/E/r5uY8MpPmYgTQwWZLwoTjoxEs9fRgClKDJ9Ygoli9lZERlhhYmxAJRuCt/jyMmnVqt5F9ezuvFK/zuMowhEcwyl4cAl1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx/YTY6p</latexit>
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good basis bad basisinbetween 
basis



hybrid algorithm

Yifeng Rocky Zhu, David Joseph, Cong Ling & FM, arXiv:2204.13432



outlook & conclusions

perspective for quantum SVP  
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sampling

problem Hamiltonian 
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