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Classical Circuit Model

<latexit sha1_base64="n8JOPzlLr/mKBVl37uzMI+mKT/A=">AAAB/3icbVBNS8NAEJ34WetXVfDiZbEInkJSRL0IRS8eK9gPaEPYbLft0s0m7G4kJfbgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/OCmDOlHefbWlpeWV1bL2wUN7e2d3ZLe/sNFSWS0DqJeCRbAVaUM0HrmmlOW7GkOAw4bQbDm4nffKBSsUjc61FMvRD3BesxgrWR/NJhJ8AyS8dXqe+mfgXZto1S3xhlx3amQIvEzUkZctT80lenG5EkpEITjpVqu06svQxLzQin42InUTTGZIj7tG2owCFVXja9f4xOjNJFvUiaEhpN1d8TGQ6VGoWB6QyxHqh5byL+57UT3bv0MibiRFNBZot6CUc6QpMwUJdJSjQfGYKJZOZWRAZYYqJNZEUTgjv/8iJpVGz33K7cnZWr13kcBTiCYzgFFy6gCrdQgzoQeIRneIU368l6sd6tj1nrkpXPHMAfWJ8/MyCU7A==</latexit>

x̄ = x1x2...xn
<latexit sha1_base64="KcD6X3b/qfRcruoPZ5TGPjniDzE=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkJSRL0IRS8eK9gPaEPYbLft0s0m7G6EEHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSrvttLS2vrK6tlzbKm1vbO7v23n5TxakktEFiHst2iBXlTNCGZprTdiIpjkJOW+HoZuK3HqhULBb3OkuoH+GBYH1GsDZSYB92QyzzbHyVBV4WVJHjOCgLosCuuI47BVokXkEqUKAe2F/dXkzSiApNOFaq47mJ9nMsNSOcjsvdVNEEkxEe0I6hAkdU+fn0/jE6MUoP9WNpSmg0VX9P5DhSKotC0xlhPVTz3kT8z+ukun/p50wkqaaCzBb1U450jCZhoB6TlGieGYKJZOZWRIZYYqJNZGUTgjf/8iJpVh3v3KnenVVq10UcJTiCYzgFDy6gBrdQhwYQeIRneIU368l6sd6tj1nrklXMHMAfWJ8/N9WU7w==</latexit>

ȳ = y1y2...ym
<latexit sha1_base64="7oNuHE3v+gUnUw/63GulDgRIqNg=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRo5ZEG0tMBIxAyN6yBxv29i67c0Zy4V/YWGiMrf/Gzn/jAlco+JJJXt6bycw8P5bCoOt+O7mV1bX1jfxmYWt7Z3evuH/QNFGiGW+wSEb63qeGS6F4AwVKfh9rTkNf8pY/up76rUeujYjUHY5j3g3pQIlAMIpWegjKHZ/q9Gly2iuW3Io7A1kmXkZKkKHeK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZxRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDC67qVBxglyx+aIgkQQjMn2f9IXmDOXYEsq0sLcSNqSaMrQhFWwI3uLLy6RZrXjnlertWal2lcWRhyM4hjJ4cAE1uIE6NICBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QMyaZCd</latexit>

f(x̄)

<latexit sha1_base64="loypN0KiqjCb6DG+Ic9BkAEfwfQ="></latexit>

Classical circuits compute Boolean functions: f : {0, 1}n ! {0, 1}m



Classical Circuit Model

<latexit sha1_base64="yIQyU9glaY+GpxTEQO3SeGlBy2E=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G0CrtB1DJoYyNEMA9IQpid3CRDZh/M3BXDkk+w8VdsLBSxtbTzb5xNttDEAwOHc++5c+/xIik0Os63lVtaXlldy68XNja3tnfs3b26DmPFocZDGaqmxzRIEUANBUpoRgqY70loeKOrtN64B6VFGNzhOIKOzwaB6AvO0Ehd+7iN8IDJTaiRcqF4LFBTpoAKpWBqNJNKE9q1i07JmYIuEjcjRZKh2rW/2r2Qxz4EyCXTuuU6EXYSplBwCZNCO9YQMT5iA2gZGjAfdCeZHjShR0bp0X6ozAvMYqn625EwX+ux75lOn+FQz9dS8b9aK8b+RScRQRQjBHz2UT+WFEOapkN7QgFHOTaEcSXMrpQPmWIcTRQFE4I7f/IiqZdL7lmpfHtarFxmceTJATkkJ8Ql56RCrkmV1Agnj+SZvJI368l6sd6tj1lrzso8++QPrM8fMdmdTg==</latexit>

Most circuits are irreversible.

<latexit sha1_base64="e0vVSwY0MuY5FGaZ9wCl2rgNDhg=">AAACKXicbVBNSwMxEM36bf2qevQSLIKnsiuiHotevAgKVoW2lNl0tgazyZLMSsvSv+PFv+JFQVGv/hHT2oNfDwYe780kMy/OlHQUhm/BxOTU9Mzs3HxpYXFpeaW8unbhTG4F1oVRxl7F4FBJjXWSpPAqswhprPAyvjka+pe3aJ00+pz6GbZS6GqZSAHkpXa51iTsUXFiHPFDYxSC5kmuxdB1XCN2OPYyo1GTBMV1nsZouUl4FwhddcDb5UpYDUfgf0k0JhU2xmm7/NTsGJGn/kWhwLlGFGbUKsCSFAoHpWbuMANxA11seKohRdcqRpcO+JZXOjwx1pcmPlK/TxSQOtdPY9+ZAl27395Q/M9r5JQctAqps5xQi6+PklxxMnwYG+9Ii4JU3xMQVvpdubgGC4J8uCUfQvT75L/kYqca7VV3znYrtcNxHHNsg22ybRaxfVZjx+yU1Zlgd+yBPbOX4D54DF6D96/WiWA8s85+IPj4BJjUp2o=</latexit>

Most Boolean functions need exponential number of gates.

<latexit sha1_base64="oN5yOkmJvZHhD0Sg6KBq3/OvuTg="></latexit>

Resource count: # gates, depth of circuit (# layers of gates).

<latexit sha1_base64="n8JOPzlLr/mKBVl37uzMI+mKT/A=">AAAB/3icbVBNS8NAEJ34WetXVfDiZbEInkJSRL0IRS8eK9gPaEPYbLft0s0m7G4kJfbgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/OCmDOlHefbWlpeWV1bL2wUN7e2d3ZLe/sNFSWS0DqJeCRbAVaUM0HrmmlOW7GkOAw4bQbDm4nffKBSsUjc61FMvRD3BesxgrWR/NJhJ8AyS8dXqe+mfgXZto1S3xhlx3amQIvEzUkZctT80lenG5EkpEITjpVqu06svQxLzQin42InUTTGZIj7tG2owCFVXja9f4xOjNJFvUiaEhpN1d8TGQ6VGoWB6QyxHqh5byL+57UT3bv0MibiRFNBZot6CUc6QpMwUJdJSjQfGYKJZOZWRAZYYqJNZEUTgjv/8iJpVGz33K7cnZWr13kcBTiCYzgFFy6gCrdQgzoQeIRneIU368l6sd6tj1nrkpXPHMAfWJ8/MyCU7A==</latexit>

x̄ = x1x2...xn
<latexit sha1_base64="KcD6X3b/qfRcruoPZ5TGPjniDzE=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkJSRL0IRS8eK9gPaEPYbLft0s0m7G6EEHvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSrvttLS2vrK6tlzbKm1vbO7v23n5TxakktEFiHst2iBXlTNCGZprTdiIpjkJOW+HoZuK3HqhULBb3OkuoH+GBYH1GsDZSYB92QyzzbHyVBV4WVJHjOCgLosCuuI47BVokXkEqUKAe2F/dXkzSiApNOFaq47mJ9nMsNSOcjsvdVNEEkxEe0I6hAkdU+fn0/jE6MUoP9WNpSmg0VX9P5DhSKotC0xlhPVTz3kT8z+ukun/p50wkqaaCzBb1U450jCZhoB6TlGieGYKJZOZWRIZYYqJNZGUTgjf/8iJpVh3v3KnenVVq10UcJTiCYzgFDy6gBrdQhwYQeIRneIU368l6sd6tj1nrklXMHMAfWJ8/N9WU7w==</latexit>

ȳ = y1y2...ym

All Boolean functions can be generated with NAND gates.
<latexit sha1_base64="NgE6Bi6kTRAL/RQbO8HjwlWf+X8=">AAACCXicbVDJSgNBEO1xjXEb9eilMQiewoyIejQuoCDBbRIhCaGnU0kaexa6a8Qw5OrFX/HiQRGv/oE3/8ZOnINGHxQ83quiqp4fS6HRcT6tsfGJyanp3Ex+dm5+YdFeWq7oKFEcPB7JSF37TIMUIXgoUMJ1rIAFvoSqf3Mw8Ku3oLSIwivsxdAIWCcUbcEZGqlp0zrCHablUvmQdhiCpkwB9conlaOLy9Ip7TftglN0hqB/iZuRAslw1rQ/6q2IJwGEyCXTuuY6MTZSplBwCf18PdEQM37DOlAzNGQB6EY6/KRP143Sou1ImQqRDtWfEykLtO4FvukMGHb1qDcQ//NqCbZ3G6kI4wQh5N+L2omkGNFBLLQlFHCUPUMYV8LcSnmXKcbRhJc3IbijL/8llc2iu13cPN8q7O1nceTIKlkjG8QlO2SPHJMz4hFO7skjeSYv1oP1ZL1ab9+tY1Y2s0J+wXr/AiKzmLE=</latexit>

NAND gates are UNIVERSAL

<latexit sha1_base64="loypN0KiqjCb6DG+Ic9BkAEfwfQ="></latexit>

Classical circuits compute Boolean functions: f : {0, 1}n ! {0, 1}m



Quantum Circuit Model
<latexit sha1_base64="BrC+Om/cTYfWtnmRAIY5g8BVZ6I="></latexit>

Quantum circuits implement unitaries, U : H⌦n
! H

⌦n

<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...
<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="Zbea8YCECw4KBRngpVplugzgz0c=">AAACAnicbVBNS8NAEJ3Ur1q/op7ES7AInkpSRL0IRS8eK5i20MSy2W7apZtN2N0IJS1e/CtePCji1V/hzX/jts1BWx8MvH1vhp15QcKoVLb9bRSWlldW14rrpY3Nre0dc3evIeNUYOLimMWiFSBJGOXEVVQx0koEQVHASDMYXE/85gMRksb8Tg0T4keox2lIMVJa6pgHIy+R1BOI9xi5dEf2Pc8fHbNsV+wprEXi5KQMOeod88vrxjiNCFeYISnbjp0oP0NCUczIuOSlkiQID1CPtDXlKCLSz6YnjK1jrXStMBa6uLKm6u+JDEVSDqNAd0ZI9eW8NxH/89qpCi/8jPIkVYTj2UdhyiwVW5M8rC4VBCs21ARhQfWuFu4jgbDSqZV0CM78yYukUa04Z5Xq7Wm5dpXHUYRDOIITcOAcanADdXABwyM8wyu8GU/Gi/FufMxaC0Y+sw9/YHz+AIdcl4Q=</latexit>

| i = U |0ni
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="hiFClNgb24K4oo9J/3FW+54v6lE=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLjHokevGIiQsksJJu6UK1227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTt8vJ767SeqNJPizowTGsR4KFjECDZWavnV+r047Zcrbs2dAS0TLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTkq9VNMEk0c8pF1LBY6pDrLZtRN0YpUBiqSyJQyaqb8nMhxrPY5D2xljM9KL3lT8z+umJroMMiaS1FBB5ouilCMj0fR1NGCKEsPHlmCimL0VkRFWmBgbUMmG4C2+vExa9Zp3XqvfnlUaV3kcRTiCY6iCBxfQgBtogg8EHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4Aa/GOYQ==</latexit>

U(2n)

<latexit sha1_base64="2E1sbmrmlnlk8QemZSnyJlBY0Os=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3mW1dn9Rqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6DWjW4=</latexit>

}



Quantum Circuit Model

<latexit sha1_base64="oN5yOkmJvZHhD0Sg6KBq3/OvuTg="></latexit>

Resource count: # gates, depth of circuit (# layers of gates).

<latexit sha1_base64="BrC+Om/cTYfWtnmRAIY5g8BVZ6I="></latexit>

Quantum circuits implement unitaries, U : H⌦n
! H

⌦n

<latexit sha1_base64="kBmSyhlrHbEDplFnWVrkNQhm3m0="></latexit>

9 sets of 1 and 2 qubit gates that are UNIVERSAL
<latexit sha1_base64="olebYhF82pZ+ypC2lWlbqwV9kFk=">AAACGXicbVDLSgMxFM34tr6qLt0Ei6CbMiOiLotudKdgq9CWcie91WAmMyY3Yhn6G278FTcuFHGpK//G9LHwdSBwOOc+ck+cKWkpDD+DsfGJyanpmdnC3PzC4lJxeaVmU2cEVkWqUnMRg0UlNVZJksKLzCAkscLz+Pqw75/forEy1WfUzbCZwKWWHSmAvNQqhg3CO8o3j9sIaovfONDkEi6kEU6S5WCQGxxM8CPLPd4qlsJyOAD/S6IRKbERTlrF90Y7FS5BTUKBtfUozKiZgyEpFPYKDWcxA3ENl1j3VEOCtpkPLuvxDa+0eSc1/mniA/V7Rw6Jtd0k9pUJ0JX97fXF/7y6o85+M5c6c4RaDBd1nOKU8n5MvC0NClJdT0AY6f/KxRUYEOSjKPgQot8n/yW17XK0W94+3SlVDkZxzLA1ts42WcT2WIUdsRNWZYLds0f2zF6Ch+ApeA3ehqVjwahnlf1A8PEFW9yghQ==</latexit>

(Ideal) quantum circuits are reversible.

<latexit sha1_base64="kaAwaU5nvObT0epeAxagEtHLUAw=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIKnsCuiOYpevAgKRoUkhN5JbxycnVlmesWw5Fe8+CtePCiSm/gzTh4HXwUNRVX3THfFmZKOwvAjmJqemZ2bX1gsLS2vrK6V1zeunMmtwLowytibGBwqqbFOkhTeZBYhjRVex3cnQ//6Hq2TRl9SL8NWCl0tEymAvNQu15qED1ScGUc815LASnRcI3Y4PmRGoyYJius8jdFyk/AuELpqn7fLlbAajsD/kmhCKmyC83Z50OwYkaf+RaHAuUYUZtQqwJIUCvulZu4wA3EHXWx4qiFF1ypGF/b5jlc6PDHWlyY+Ur9PFJA610tj35kC3brf3lD8z2vklNRahdRZTqjF+KMkV5wMH8bFO9KiINXzBISVflcubsGCIB9qyYcQ/T75L7naq0YH1b2L/crR8SSOBbbFttkui9ghO2Kn7JzVmWCP7Jm9srfgKXgJ3oPBuHUqmMxssh8IPr8AWjCkNQ==</latexit>

Most unitaries need exponential number of gates.

<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...
<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...

<latexit sha1_base64="Zbea8YCECw4KBRngpVplugzgz0c=">AAACAnicbVBNS8NAEJ3Ur1q/op7ES7AInkpSRL0IRS8eK5i20MSy2W7apZtN2N0IJS1e/CtePCji1V/hzX/jts1BWx8MvH1vhp15QcKoVLb9bRSWlldW14rrpY3Nre0dc3evIeNUYOLimMWiFSBJGOXEVVQx0koEQVHASDMYXE/85gMRksb8Tg0T4keox2lIMVJa6pgHIy+R1BOI9xi5dEf2Pc8fHbNsV+wprEXi5KQMOeod88vrxjiNCFeYISnbjp0oP0NCUczIuOSlkiQID1CPtDXlKCLSz6YnjK1jrXStMBa6uLKm6u+JDEVSDqNAd0ZI9eW8NxH/89qpCi/8jPIkVYTj2UdhyiwVW5M8rC4VBCs21ARhQfWuFu4jgbDSqZV0CM78yYukUa04Z5Xq7Wm5dpXHUYRDOIITcOAcanADdXABwyM8wyu8GU/Gi/FufMxaC0Y+sw9/YHz+AIdcl4Q=</latexit>

| i = U |0ni

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="2E1sbmrmlnlk8QemZSnyJlBY0Os=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3mW1dn9Rqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6DWjW4=</latexit>

}



1-qubit gates

<latexit sha1_base64="AQgWUxfckoO4e9HRoemj51WkveI=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6rHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9r9fuLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMLlJSD</latexit>

| ini
<latexit sha1_base64="Sxh0MPI0dZzjQOUNfNkW76tLg3Y=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUUY9FLx4r2A9oQ9hsN+3SzSbsTsQS81e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhXkRGkoecEjCSb1efBonmfhankA8UkSPBfLvm1J058CpxC1JDBVq+/TUYxjSNmAQqiNZ910nAy4gCTgXLK4NUs4TQCRmxvqGSREx72fz2HJ8aZYjDWJmSgOfq74mMRFpPo8B0RgTGetmbif95/RTCKy/jMkmBSbpYFKYCQ4xnQeAhV4yCmBpCqOLmVkzHRBEKJq6KCcFdfnmVdBp196LeuDuvNa+LOMroGJ2gM+SiS9REt6iF2oiiR/SMXtGblVsv1rv1sWgtWcXMEfoD6/MH/CuVDg==</latexit>

| outi
<latexit sha1_base64="07fgStwtENhZ+Yn28rs//ubw8IM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ66JT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJq1b1Lqu1+4tK/SaPowgncArn4MEV1OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/AOxnjPc=</latexit>

X

<latexit sha1_base64="vcl3IYrIycxqZWfXoxwD07Y2+5M=">AAACGXicbZDLSsNAFIYnXmu8RV26GSyKq5IUUTdC0Y3LCvYCTSiT6Wk7dDIJMxOxhL6GG1/FjQtFXOrKt3HaBtHWAwMf/38Oc84fJpwp7bpf1sLi0vLKamHNXt/Y3Np2dnbrKk4lhRqNeSybIVHAmYCaZppDM5FAopBDIxxcjf3GHUjFYnGrhwkEEekJ1mWUaCO1Hbd54YfQYyILI6Ilux9h28VH2MO+j23PkGv7IDo/dtspuiV3UngevByKKK9q2/nwOzFNIxCacqJUy3MTHWREakY5jGw/VZAQOiA9aBkUJAIVZJPLRvjQKB3cjaV5QuOJ+nsiI5FSwyg0nWa/vpr1xuJ/XivV3fMgYyJJNQg6/aibcqxjPI4Jd5gEqvnQAKGSmV0x7RNJqDZh2iYEb/bkeaiXS95pqXxzUqxc5nEU0D46QMfIQ2eogq5RFdUQRQ/oCb2gV+vRerberPdp64KVz+yhP2V9fgPgeJ29</latexit>

X =


0 1
1 0

�

<latexit sha1_base64="AQgWUxfckoO4e9HRoemj51WkveI=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6rHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9r9fuLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMLlJSD</latexit>

| ini
<latexit sha1_base64="Sxh0MPI0dZzjQOUNfNkW76tLg3Y=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUUY9FLx4r2A9oQ9hsN+3SzSbsTsQS81e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhXkRGkoecEjCSb1efBonmfhankA8UkSPBfLvm1J058CpxC1JDBVq+/TUYxjSNmAQqiNZ910nAy4gCTgXLK4NUs4TQCRmxvqGSREx72fz2HJ8aZYjDWJmSgOfq74mMRFpPo8B0RgTGetmbif95/RTCKy/jMkmBSbpYFKYCQ4xnQeAhV4yCmBpCqOLmVkzHRBEKJq6KCcFdfnmVdBp196LeuDuvNa+LOMroGJ2gM+SiS9REt6iF2oiiR/SMXtGblVsv1rv1sWgtWcXMEfoD6/MH/CuVDg==</latexit>

| outi
<latexit sha1_base64="kXxrYyOM/NsfPb5V1ussTZ10RV4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALsLjOU=</latexit>

Z

<latexit sha1_base64="VeeZmRdsqdoRhay3LMljxaIXGHI=">AAACGnicbZDLSsNAFIYnXmu8VV26GSyKG0tSRN0IRTcuK9gLNqFMJqft0MkkzEzEEvocbnwVNy4UcSdufBunF0RbDwx8/P85zDl/kHCmtON8WXPzC4tLy7kVe3VtfWMzv7VdU3EqKVRpzGPZCIgCzgRUNdMcGokEEgUc6kHvcujX70AqFosb3U/Aj0hHsDajRBuplXdvz70AOkxkQUS0ZPcDbLv4ADvY87DtGDpybQ9E+OO38gWn6IwKz4I7gQKaVKWV//DCmKYRCE05UarpOon2MyI1oxwGtpcqSAjtkQ40DQoSgfKz0WkDvG+UELdjaZ7QeKT+nshIpFQ/Ckyn2a+rpr2h+J/XTHX7zM+YSFINgo4/aqcc6xgPc8Ihk0A17xsgVDKzK6ZdIgnVJk3bhOBOnzwLtVLRPSmWro8L5YtJHDm0i/bQIXLRKSqjK1RBVUTRA3pCL+jVerSerTfrfdw6Z01mdtCfsj6/AVmVnfY=</latexit>

Z =


1 0
0 �1

�

<latexit sha1_base64="AQgWUxfckoO4e9HRoemj51WkveI=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6rHoxWMF+wFNCJvtpl262YTdjVLS/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQrhy1VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOObmd+55FKxRLxoMcp9WM8ECxiBGsjBXZl4qWKBTkTU09iMeA0sKtOzZkDrRK3IFUo0AzsL6+fkCymQhOOleq5Tqr9HEvNCKfTspcpmmIywgPaM1TgmCo/n58+RWdG6aMokaaERnP190SOY6XGcWg6Y6yHatmbif95vUxH1755K800FWSxKMo40gma5YD6TFKi+dgQTCQztyIyxBITbdIqmxDc5ZdXSbtecy9r9fuLauOmiKMEJ3AK5+DCFTTgDprQAgJP8Ayv8GZNrBfr3fpYtK5Zxcwx/IH1+QMLlJSD</latexit>

| ini
<latexit sha1_base64="Sxh0MPI0dZzjQOUNfNkW76tLg3Y=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUUY9FLx4r2A9oQ9hsN+3SzSbsTsQS81e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhXkRGkoecEjCSb1efBonmfhankA8UkSPBfLvm1J058CpxC1JDBVq+/TUYxjSNmAQqiNZ910nAy4gCTgXLK4NUs4TQCRmxvqGSREx72fz2HJ8aZYjDWJmSgOfq74mMRFpPo8B0RgTGetmbif95/RTCKy/jMkmBSbpYFKYCQ4xnQeAhV4yCmBpCqOLmVkzHRBEKJq6KCcFdfnmVdBp196LeuDuvNa+LOMroGJ2gM+SiS9REt6iF2oiiR/SMXtGblVsv1rv1sWgtWcXMEfoD6/MH/CuVDg==</latexit>

| outi

<latexit sha1_base64="1B5v031XwmBuGMMRp7fXngx4JK4="></latexit>

H =
1p
2


1 1
1 �1

�
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

<latexit sha1_base64="GIv2ddcNJ2zhhAIkPSG2u8qHI7k=">AAAB/XicbVDLSgNBEJz1bXytj5uXwSB4Crsi6lH04lHBRCEJoXe2kwyZfTDTK8Yl+CtePCji1f/w5t84SfagiQUNRVU33V1BqqQhz/t2Zmbn5hcWl5ZLK6tr6xvu5lbNJJkWWBWJSvRdAAaVjLFKkhTepRohChTeBr2LoX97j9rIJL6hforNCDqxbEsBZKWWu9MgfKD8EkKIQIe8A4SDllv2Kt4IfJr4BSmzAlct96sRJiKLMC ahwJi676XUzEGTFAoHpUZmMAXRgw7WLY0hQtPMR9cP+L5VQt5OtK2Y+Ej9PZFDZEw/CmxnBNQ1k95Q/M+rZ9Q+beYyTjPCWIwXtTPFKeHDKHgoNQpSfUtAaGlv5aILGgTZwEo2BH/y5WlSO6z4x5XD66Py2XkRxxLbZXvsgPnshJ2xS3bFqkywR/bMXtmb8+S8OO/Ox7h1xilmttkfOJ8/t8aVZg==</latexit>

Hadamard gate

<latexit sha1_base64="w/zZN0cYAxDf66goK030qvUl91Q=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEw8kV1i1CPRi0dM5BFhQ2aHBibMzq4zvUSy4Tu8eNAYr36MN//GAfagYCWdVKq6090VxFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQxvpn5jBNqISN3jOAY/ZH0leoIztJLfRnjC9IH2GcKkUyi6JXcGuky8jBRJhmqn8NXuRjwJQSGXzJiW58 bop0yj4BIm+XZiIGZ8yPrQslSxEIyfzo6e0FOrdGkv0rYU0pn6eyJloTHjMLCdIcOBWfSm4n9eK8HelZ8KFScIis8X9RJJMaLTBGhXaOAox5YwroW9lfIB04yjzSlvQ/AWX14m9XLJuyiV786Llessjhw5JifkjHjkklTILamSGuHkkTyTV/LmjJwX5935mLeuONnMEfkD5/MH8GmSNw==</latexit>

Z gate

<latexit sha1_base64="zd79QUfS11MujC/9wKTLiMdmXIY=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gNoh6DXjxphLwgWcLspJMMmX0w0yvGJV/ixYMiXv0Ub/6Nk2QPmljQUFR1093lx1JodJxva2V1bX1jM7eV397Z3SvY+wcNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9EfXU7/5AEqLKKzhOAYvYINQ9AVnaKSuXeggPGJ6e1ejA4Yw6dpFp+TMQJeJm5EiyVDt2l+dXsSTAELkkmnddp0YvZQpFFzCJN9JNMSMj9gA2oaGLADtpbPDJ/TEKD3aj5SpEOlM/T2RskDrceCbzoDhUC96U/E/r51g/9JLRRgnCCGfL+onkmJEpynQnlDAUY4NYVwJcyvlQ6YYR5NV3oTgLr68TBrlknteKt+fFStXWRw5ckSOySlxyQWpkBtSJXXCSUKeySt5s56sF+vd+pi3rljZzCH5A+vzB6C/kxM=</latexit>

NOT gate

<latexit sha1_base64="XitidM9F2b4ahoggv1augeFjIOk=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHaDqMegF48RzAOSJcxOepMhsw9metWw5lO8eFDEq1/izb9xkuxBEwsaiqrume7yEyk0Os63tbK6tr6xWdgqbu/s7u3bpYOmjlPFocFjGau2zzRIEUEDBUpoJwpY6Eto+aPrqd+6B6VFHN3hOAEvZINIBIIzNFLPLnURHjGrD80bdMAQJj277FScGegycXNSJjnqPfur2495GkKEXD KtO66ToJcxhYJLmBS7qYaE8REbQMfQiIWgvWy2+oSeGKVPg1iZipDO1N8TGQu1Hoe+6QwZDvWiNxX/8zopBpdeJqIkRYj4/KMglRRjOs2B9oUCjnJsCONKmF0pHzLFOJq0iiYEd/HkZdKsVtzzSvX2rFy7yuMokCNyTE6JSy5IjdyQOmkQTh7IM3klb9aT9WK9Wx/z1hUrnzkkf2B9/gB9F5Qn</latexit>

Phase gate
<latexit sha1_base64="Fk2ANdEHrunGFBg/0yKjICZrFRc=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWOEvCBZwuykkwyZnV1neoNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHcFsRQGXffbWVvf2Nzazu3kd/f2Dw4LR8cNEyWaQ51HMtKtgBmQQkEdBUpoxRpYGEhoBqO7md8cgzYiUjWcxOCHbKBEX3CGVvI7CE+Y1uiAIUy7haJbcuegq8TLSJFkqHYLX51exJMQFHLJjGl7box+yjQKLmGa7yQGYsZHbABtSxULwfjp/OgpPbdKj/YjbUshnau/J1IWGjMJA9sZMhyaZW8m/ue1E+zf+KlQcYKg+GJRP5EUIzpLgPaEBo5yYgnjWthbKR8yzTjanPI2BG/55VXSKJe8q1L54bJYuc3iyJFTckYuiEeuSYXckyqpE04eyTN5JW/O2Hlx3p2PReuak82ckD9wPn8A5y2SMQ==</latexit>

T gate
<latexit sha1_base64="jq309sHvph592NN9UnsRJE//6ME=">AAACGXicbZDLSsNAFIYn9VbjrerSzWBRXJWkiLoRim5cVrQXaEKZTE7boZNJmJmIJfQ13Pgqblwo4lJXvo3TC6KtBwY+/v8c5pw/SDhT2nG+rNzC4tLySn7VXlvf2NwqbO/UVZxKCjUa81g2A6KAMwE1zTSHZiKBRAGHRtC/HPmNO5CKxeJWDxLwI9IVrMMo0UZqF5ybcy+ALhNZEBEt2f0Q2y4+xA72PGw7hpjtgQh/7Hah6JScceF5cKdQRNOqtgsfXhjTNAKhKSdKtVwn0X5GpGaUw9D2UgUJoX3ShZZBQSJQfja+bIgPjBLiTizNExqP1d8TGYmUGkSB6TT79dSsNxL/81qp7pz5GRNJqkHQyUedlGMd41FMOGQSqOYDA4RKZnbFtEckodqEaZsQ3NmT56FeLrknpfL1cbFyMY0jj/bQPjpCLjpFFXSFqqiGKHpAT+gFvVqP1rP1Zr1PWnPWdGYX/Snr8xsv+J3w</latexit>

S =


1 0
0 i

�
<latexit sha1_base64="HwHN1kychyuxa5KRj9oyXEgFL6c=">AAACInicbVDLSgMxFM3UVx1fVZdugkVxVWdK8bEQim5cVugLOrVk0ts2NJMZkoxYhn6LG3/FjQtFXQl+jOkD0dYDgcO5597ce/yIM6Ud59NKLSwuLa+kV+219Y3Nrcz2TlWFsaRQoSEPZd0nCjgTUNFMc6hHEkjgc6j5/atRvXYHUrFQlPUggmZAuoJ1GCXaSK3MefnC86HLROIHREt2P8S2iw+xgz0P245hcJswL2LHhaHtgWj/+FqZrJNzxsDzxJ2SLJqi1Mq8e+2QxgEITTlRquE6kW4mRGpGOZjpsYKI0D7pQsNQQQJQzWR84hAfGKWNO6E0T2g8Vn93JCRQahD4xmn266nZ2kj8r9aIdeesmTARxRoEnXzUiTnWIR7lhdtMAtV8YAihkpldMe0RSag2qdomBHf25HlSzefck1z+ppAtXk7jSKM9tI+OkItOURFdoxKqIIoe0BN6Qa/Wo/VsvVkfE2vKmvbsoj+wvr4BIX6hng==</latexit>

T =


1 0
0 ei⇡/4

� <latexit sha1_base64="PeLbusEmBrMKuAuLDBQHoS5tuOE=">AAACKnicbVDLSgNBEJz1GddX1KOXwaB4Crsi6kWIevEYxZhANobZSScZMju7zPSKYcn3ePFXvOSgiFc/xMkD8VUwUFRX93RXmEhh0PPenJnZufmFxdySu7yyurae39i8NXGqOVR4LGNdC5kBKRRUUKCEWqKBRaGEati7GNWr96CNiNUN9hNoRKyjRFtwhlZq5s+umwF2AdlpEEJHqCyMGGrxMKCuT/eoR4OAup5lcJeJiXPgBqBaX8ZmvuAVvTHoX+JPSYFMUW7mh0Er5mkECrlkxtR9L8FGxjQKLsFOTw0kjPdYB+qWKhaBaWTjUwd01yot2o61fQrpWP3ekbHImH4UWqfdr2t+10bif7V6iu2TRiZUkiIoPvmonUqKMR3lRltCA0fZt4RxLeyulHeZZhxtuq4Nwf998l9ye1D0j4oHV4eF0vk0jhzZJjtkn/jkmJTIJSmTCuHkkTyTF/LqPDlD5815n1hnnGnPFvkB5+MTnqSllw==</latexit>

R✓ =


1 0
0 ei✓

�



Gates: 2-qubit

<latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X

<latexit sha1_base64="gQC2NZM3XAl38e9NLj/VuPp93cA=">AAACEHicbZBNSwMxEIazftb6terRS7CIerDsFlHxJHrxqGBroS0lm07bYDZZklmxLP0JXvwrXjwo4tWjN/+Naa2g1RcCD+/MMJk3SqSwGAQf3sTk1PTMbG4uP7+wuLTsr6xWrE4NhzLXUptqxCxIoaCMAiVUEwMsjiRcRdeng/rVDRgrtLrEXgKNmHWUaAvO0FlNf6uOcIvZqVZotJTQ2lUaaYch0G3+jTtH/aZfCIrBUPQvhCMokJHOm/57vaV5GoNCLpm1tTBIsJExg4JL6OfrqYWE8WvWgZpDxWKwjWx4UJ9uOqdF29q4p5AO3Z8TGYut7cWR64wZdu14bWD+V6ul2D5sZEIlKYLiX4vaqaSo6SAd2hIGOMqeA8aNcH+lvMsM4+gyzLsQwvGT/0KlVAz3i6WLvcLxySiOHFknG2SbhOSAHJMzck7KhJM78kCeyLN37z16L97rV+uEN5pZI7/kvX0CX72cxg==</latexit>

Controlled-not gate (cnot gate):
<latexit sha1_base64="8ZiD9bXrRXU8jnz3qk5CNaNKBwE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0kiPTA==</latexit>�

<latexit sha1_base64="rKd1C0Was+Wy/SK4n5lwqno29Yo=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukWa0EF5Xq3Xm5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdwn5DV</latexit>or
<latexit sha1_base64="dW0OUkOje/SmT9ugrXm1EzgpQiA=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF1I1QdFN3FewDOqVk0ts2NJMZkoxSpv0lN/6JuOlCEbf+hOl0EG09EHI4517uvccLOVPatifW0vLK6tp6ZiO7ubW9s5vb26+pIJIUqjTggWx4RAFnAqqaaQ6NUALxPQ51b3Az9esPIBULxL0ehtDySU+wLqNEG6mdK1fbsfsInR7gxvhqZLuSiB4HlycftkduoJkPCt+ejpw50/kxG9lsO5e3C3YCvEiclORRiko79+J2Ahr5IDTlRKmmY4e6FROpGeUwzrqRgpDQAelB01BBzKBWnFw8xsdG6eBuIM0TGifq746Y+EoNfc9U+kT31bw3Ff/zmpHuXrZiJsJIg6CzQd2IYx3gaXy4wyRQzYeGECqZ2RXTPpGEahPyNARn/uRFUisWnPNC8e4sX7pO48igQ3SETpCDLlAJlVEFVRFFT+gVvaF369maWB/W56x0yUp7DtAfWF/fHbSpfw==</latexit>

U^X = |0ih0|⌦ I + |1ih1|⌦X

<latexit sha1_base64="K5kINLIkYLr5tmJn/X/N3BDVjr4="></latexit>

U^Z = |0ih0|⌦ I + |1ih1|⌦ Z = diag(1, 1, 1,�1)
<latexit sha1_base64="l6Bj+1LFR9NyJn3vywP710fG1f4=">AAAB6nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6rHoxWNF+4FtKJvtpl262YTdjVBCf4IXD4p49Rd589+4aXPQ1gcDj/dmmJkXJIJr47rfaGV1bX1js7TlbO/s7u2XDw5bOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7GN7nffmJK81g+mEnC/IgMJQ85JcZK94+O0y9X3Ko7A14mXkEqUKDRL3/1BjFNIyYNFUTrrucmxs+IMpwKNnV6qWYJoWMyZF1LJYmY9rPZqVN8apUBDmNlSxo8U39PZCTSehIFtjMiZqQXvVz8z+umJrzyMy6T1DBJ54vCVGAT4/xvPOCKUSMmlhCquL0V0xFRhBqbTh6Ct/jyMmnVqt5FtXZ3XqlfF3GU4BhO4Aw8uIQ63EIDmkBhCM/wCm9IoBf0jj7mrSuomDmCP0CfPyPyjQ0=</latexit>

Z

<latexit sha1_base64="l6Bj+1LFR9NyJn3vywP710fG1f4=">AAAB6nicbVBNS8NAEJ31s8avqkcvi0XwVJIi6rHoxWNF+4FtKJvtpl262YTdjVBCf4IXD4p49Rd589+4aXPQ1gcDj/dmmJkXJIJr47rfaGV1bX1js7TlbO/s7u2XDw5bOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7GN7nffmJK81g+mEnC/IgMJQ85JcZK94+O0y9X3Ko7A14mXkEqUKDRL3/1BjFNIyYNFUTrrucmxs+IMpwKNnV6qWYJoWMyZF1LJYmY9rPZqVN8apUBDmNlSxo8U39PZCTSehIFtjMiZqQXvVz8z+umJrzyMy6T1DBJ54vCVGAT4/xvPOCKUSMmlhCquL0V0xFRhBqbTh6Ct/jyMmnVqt5FtXZ3XqlfF3GU4BhO4Aw8uIQ63EIDmkBhCM/wCm9IoBf0jj7mrSuomDmCP0CfPyPyjQ0=</latexit>

Z
<latexit sha1_base64="Ge59jKfkS4LlxB0wpBDSAp+cqtg=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3bpZpPubgol9E948aCIV/+ON/+NaZuDtj4YeLw3w8w8PxZcG8f5tgobm1vbO8Vde2//4PCodHzS1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/7ofu63Jqg0j+STmcbohXQgecAZNZnU7uI44RPb7pXKTsVZgKwTNydlyFHvlb66/YglIUrDBNW64zqx8VKqDGcCZ3Y30RhTNqID7GRU0hC1ly7unZGLTOmTIFJZSUMW6u+JlIZaT0M/6wypGepVby7+53USE9x6KZdxYlCy5aIgEcREZP486XOFzIhpRihTPLuVsCFVlJksonkI7urL66RZrbjXlerjVbl2l8dRhDM4h0tw4QZq8AB1aAADAc/wCm/W2Hqx3q2PZWvBymdO4Q+szx8x2I9r</latexit>⌘

<latexit sha1_base64="LWVqxyS/mlKf82XBDlBpDMZlACU=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBxnAXRMUqmMYygjHBJIS9zSRZ3Ns9dufEcAQb/4qNhSK2/go7/42bmEKjDwYe780wMy+MpbDo+5/ezOzc/MJiZim7vLK6tp7b2LyyOjEcqlxLbeohsyCFgioKlFCPDbAolFALb8ojv3YLxgqtLnEQQytiPSW6gjN0Uju33US4w7SsFRotJXQOrmmPIZwO27m8X/DHoH9JMCF5MkGlnftodjRPIlDIJbO2EfgxtlJmUHAJw2wzsRAzfsN60HBUsQhsKx2/MKR7TunQrjauFNKx+nMiZZG1gyh0nRHDvp32RuJ/XiPB7kkrFSpOEBT/XtRNJEVNR3nQjjDAUQ4cYdwIdyvlfWYYR5da1oUQTL/8l1wVC8FRoXhxmC+dTeLIkB2yS/ZJQI5JiZyTCqkSTu7JI3kmL96D9+S9em/frTPeZGaL/IL3/gVNiZdd</latexit>

Controlled-Z gate:

<latexit sha1_base64="8ZiD9bXrRXU8jnz3qk5CNaNKBwE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0kiPTA==</latexit>�<latexit sha1_base64="FEASjxvd/i8cXTT4rAcHoAZxpSk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0alXvslq7v6jUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuHWPOw==</latexit>⇥

<latexit sha1_base64="FEASjxvd/i8cXTT4rAcHoAZxpSk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0alXvslq7v6jUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuHWPOw==</latexit>⇥
<latexit sha1_base64="wkR2SxxgwbONuCwkE8PW+vpr0DU=">AAACB3icbVDJSgNBEO1xjXGLehSkMQjxEmaCqMeoF48RzQLJEHo6NUmTnoXuGjEMuXnxV7x4UMSrv+DNv7GzHDTxQcHjvSqq6nmxFBpt+9taWFxaXlnNrGXXNza3tnM7uzUdJYpDlUcyUg2PaZAihCoKlNCIFbDAk1D3+lcjv34PSosovMNBDG7AuqHwBWdopHbuoIXwgOlt/aJCCzGoIMGxc0y7DGHYzuXtoj0GnSfOlOTJFJV27qvViXgSQIhcMq2bjh2jmzKFgksYZluJhpjxPutC09CQBaDddPzHkB4ZpUP9SJkKkY7V3xMpC7QeBJ7pDBj29Kw3Ev/zmgn6524qwjhBCPlkkZ9IihEdhUI7QgFHOTCEcSXMrZT3mGIcTXRZE4Iz+/I8qZWKzmmxdHOSL19O48iQfXJICsQhZ6RMrkmFVAknj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+AIszmRw=</latexit>

SWAP (permutation) gate

<latexit sha1_base64="8ZiD9bXrRXU8jnz3qk5CNaNKBwE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0kiPTA==</latexit>

�
<latexit sha1_base64="8ZiD9bXrRXU8jnz3qk5CNaNKBwE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBZbV2f1Gp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0kiPTA==</latexit>

�

<latexit sha1_base64="3AC2ubG45wFMerD/B1ObjuALD1o=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4xkUcCGzI79MLI7M46M0tCCP/gxYPGePV/vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O/ObI1Say/jBjBP0I9qPecgZNVZqdPAp5aNuseSW3TnIKvEyUoIMtW7xq9OTLI0wNkxQrduemxh/QpXhTOC00Ek1JpQNaR/blsY0Qu1P5tdOyZlVeiSUylZsyFz9PTGhkdbjKLCdETUDvezNxP+8dmrCa3/C4yQ1GLPFojAVxEgye530uEJmxNgSyhS3txI2oIoyYwMq2BC85ZdXSaNS9i7LlfuLUvUmiyMPJ3AK5+DBFVThDmpQBwaP8Ayv8OZI58V5dz4WrTknmzmGP3A+fwDEhY9D</latexit>⌘

<latexit sha1_base64="SbUjeuzUd4WUg1NuvW0hwa1S08k=">AAACT3icbVHLSgMxFM3UVzu+qi7dBIviqsyIqBuh6MZlBfuATimZ9E4bmskMSUYsQ//Qje78DTcuFDGtU6ltD1w4OecmuTnxY86Udpw3K7eyura+kS/Ym1vbO7vFvf26ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Ae3Y7/xCFKxSDzoYQztkPQECxgl2kidYuBV2bXnQ4+J1A+JluxphG0Xn2BnWp6H7enCnRXcZR0TwwPR/TvONugUS07ZmQAvEjcjJZSh2im+et2IJiEITTlRquU6sW6nRGpGOYxsL1EQEzogPWgZKkgIqp1O8hjhY6N0cRBJU0LjiTq7IyWhUsPQN51mxr6a98biMq+V6OCqnTIRJxoE/b0oSDjWER6Hi7tMAtV8aAihkplZMe0TSag2XzAOwZ1/8iKpn5Xdi/LZ/XmpcpPFkUeH6AidIhddogq6Q1VUQxQ9o3f0ib6sF+vD+s5lrTkrIwfoH3KFH4FEppg=</latexit>

⇧ =

2

664

1 0 0 0
0 0 1 0
0 1 0 0
0 0 0 1

3

775

<latexit sha1_base64="p28ko9ysKHc+uBN+fWrh5vttBpg=">AAACMXicbVBdSwJBFJ3t0+zL6rGXIQmCQHYlqpdA6sXeDHIVXJHZ8aqDs7PLzGwhq3+pl/5J9OJDEb32Jxp1idIODHM4517uvcePOFPatsfW0vLK6tp6ZiO7ubW9s5vb23dVGEsKVRryUNZ9ooAzAVXNNId6JIEEPoea37+Z+LUHkIqF4l4PImgGpCtYh1GijdTKlautxHuEdhewO7oa2p4kosvB49MP20Mv1CwAhW9Ph86c6fyYbjbbyuXtgj0FXiROSvIoRaWVe/HaIY0DEJpyolTDsSPdTIjUjHIYZb1YQURon3ShYaggZlAzmV48wsdGaeNOKM0TGk/V3x0JCZQaBL6pDIjuqXlvIv7nNWLduWwmTESxBkFngzoxxzrEk/hwm0mgmg8MIVQysyumPSIJ1SbkSQjO/MmLxC0WnPNC8e4sX7pO48igQ3SETpCDLlAJlVEFVRFFT+gVvaF369kaWx/W56x0yUp7DtAfWF/fFyapew==</latexit>

U^V = |0ih0|⌦ I + |1ih1|⌦ V
<latexit sha1_base64="yDyFJipivFyLo83uSOsJ41MoPw0=">AAAB6nicbVBNS8NAEJ2tXzV+VT16WSyCp5IUUY9FLx4r2g9oQ9lsN+3SzSbsboQS+hO8eFDEq7/Im//GTZuDtj4YeLw3w8y8IBFcG9f9RqW19Y3NrfK2s7O7t39QOTxq6zhVlLVoLGLVDYhmgkvWMtwI1k0UI1EgWCeY3OZ+54kpzWP5aKYJ8yMykjzklBgrPbQdZ1CpujV3DrxKvIJUoUBzUPnqD2OaRkwaKojWPc9NjJ8RZTgVbOb0U80SQidkxHqWShIx7WfzU2f4zCpDHMbKljR4rv6eyEik9TQKbGdEzFgve7n4n9dLTXjtZ1wmqWGSLhaFqcAmxvnfeMgVo0ZMLSFUcXsrpmOiCDU2nTwEb/nlVdKu17zLWv3+otq4KeIowwmcwjl4cAUNuIMmtIDCCJ7hFd6QQC/oHX0sWkuomDmGP0CfPx3ajQk=</latexit>

V

<latexit sha1_base64="YiceWeIqoLg3N1Hjasv2V3OEs0U=">AAACAnicbVA9SwNBEN3z2/gVtRKbxSDYGO6CqFiJaSwjmBhIjrC3N4mLe7vH7pwYjmDjX7GxUMTWX2Hnv3ETU6jxwcDjvRlm5kWpFBZ9/9Obmp6ZnZtfWCwsLa+srhXXNxpWZ4ZDnWupTTNiFqRQUEeBEpqpAZZEEq6im+rQv7oFY4VWl9hPIUxYT4mu4Ayd1ClutRHuMK9qhUZLCfF+g/YYwsmgUyz5ZX8EOkmCMSmRMWqd4k c71jxLQCGXzNpW4KcY5syg4BIGhXZmIWX8hvWg5ahiCdgwH70woLtOiWlXG1cK6Uj9OZGzxNp+ErnOhOG1/esNxf+8Vobd4zAXKs0QFP9e1M0kRU2HedBYGOAo+44wboS7lfJrZhhHl1rBhRD8fXmSNCrl4LBcuTgonZ6N41gg22SH7JGAHJFTck5qpE44uSeP5Jm8eA/ek/fqvX23TnnjmU3yC977F0ddl1k=</latexit>

Controlled-V gate:



Universal sets of gates

<latexit sha1_base64="07fgStwtENhZ+Yn28rs//ubw8IM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ66JT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJq1b1Lqu1+4tK/SaPowgncArn4MEV1OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/AOxnjPc=</latexit>

X
<latexit sha1_base64="kXxrYyOM/NsfPb5V1ussTZ10RV4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALsLjOU=</latexit>

Z
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H <latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="VVyfaEIjAXudVX12U2EqlztCAhc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALBvjN4=</latexit>

S

<latexit sha1_base64="bW1orCdSgGjs008+gCjwGUNXIfM=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzATRD0Gc9BjBLNAMoSenpqkSc9Cd40YhoC/4sWDIl79Dm/+jZ3loIkPCh7vVVFVz0uk0Gjb31ZuZXVtfSO/Wdja3tndK+4fNHWcKg4NHstYtT2mQYoIGihQQjtRwEJPQssb1iZ+6wGUFnF0j6ME3JD1IxEIztBIveJRF+ERs5oUQRArn94wBD3uFUt22Z6CLhNnTkpkjnqv+NX1Y5 6GECGXTOuOYyfoZkyh4BLGhW6qIWF8yPrQMTRiIWg3m54/pqdG8alZbypCOlV/T2Qs1HoUeqYzZDjQi95E/M/rpBhcuZmIkhQh4rNFQSopxnSSBfWFAo5yZAjjSphbKR8wxTiaxAomBGfx5WXSrJSdi3Ll7rxUvZ7HkSfH5IScEYdckiq5JXXSIJxk5Jm8kjfryXqx3q2PWWvOms8ckj+wPn8AhdyV2g==</latexit>

Cli↵ord Gates
<latexit sha1_base64="VMH+7vXLZyqN98iT5goJ2oAgJsA=">AAACDnicbVA9SwNBEN3zM8avqKXNYghYhbsgKlbBIFgmYGIgCWFvM0mW7O0eu3NiOPILbPwrNhaK2Frb+W/cxBR+PRh4vDfDzLwwlsKi7394C4tLyyurmbXs+sbm1nZuZ7dhdWI41LmW2jRDZkEKBXUUKKEZG2BRKOE6HFWm/vUNGCu0usJxDJ2IDZToC87QSd1coY1wi2kDzJiKKNYGmUJqtAQqFK1VzmjtojLp5vJ+0Z+B/iXBnOTJHNVu7r3d0zyJQCGXzNpW4MfYSZlBwSVMsu3EQsz4iA2g5ahiEdhOOntnQgtO6dG+Nq7cMTP1+0TKImvHUeg6I4ZD+9ubiv95rQT7p51UqDhBUPxrUT+RFDWdZkN7wgBHOXaEcSPcrZQPmWEcXYJZF0Lw++W/pFEqBsfFUu0oXz6fx5Eh++SAHJKAnJAyuSRVUiec3JEH8kSevXvv0XvxXr9aF7z5zB75Ae/tE0F1m5E=</latexit>

Very important role in QC: QEC

<latexit sha1_base64="WQco9yjWFpOTH8n8is+dLxBGPrc=">AAACDXicbVDLSiNBFK12fMbHxHHppjAKrkK3iONSdONGiGCikIRwu3LbFFZXNVW3xdDkB9z4K25czCBuZz87/8bqJAtfBwoO59zLrXPiTElHYfgazPyYnZtfWFyqLK+srv2srv9qOZNbgU1hlLFXMThUUmOTJCm8yixCGiu8jG9OSv/yFq2TRl/QMMNuCtdaJlIAealX3e4Q3lFxBhkXA5Cam4Q3IFeSk+GgDQ3QjnrVWlgPx+BfSTQlNTZFo1f93+kbkaeoSShwrh2FGXULsCSFwlGlkzvMQNzANbY91ZCi6xbjNCO+45U+T4z1TxMfq+83CkidG6axn0yBBu6zV4rfee2cksNuIXWWE2oxOZTkqkxaVsP70qIgNfQEhJX+r2UnFgT5Aiu+hOhz5K+ktVePDup75/u1o+NpHYtsk22xXRax3+yInbIGazLB7tkj+8P+Bg/BU/AcvExGZ4Lpzgb7gODfGxxLm5g=</latexit>

Map chain of Pauli to another
<latexit sha1_base64="dZh2wNiPXzOMMxAetKeqEmV9hjw="></latexit>

Can be classically simulated! (Gottesman-Knill Th)

<latexit sha1_base64="07fgStwtENhZ+Yn28rs//ubw8IM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ66JT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJq1b1Lqu1+4tK/SaPowgncArn4MEV1OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/AOxnjPc=</latexit>

X
<latexit sha1_base64="kXxrYyOM/NsfPb5V1ussTZ10RV4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALsLjOU=</latexit>

Z
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H <latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="VVyfaEIjAXudVX12U2EqlztCAhc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALBvjN4=</latexit>

S
<latexit sha1_base64="GnpFZvzCLYEzbeLTNB0PLjjqYJE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukVSl71+VK/apUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPsfOM3w==</latexit>

T

<latexit sha1_base64="GJOqLKoxckNkE3YGK7XZZNL1wpI=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAIghB2g6jHYC4eI+QFSQizk95kyOyDmV4xLMGLv+LFgyJe/Qpv/o2TZA+aWNBQVHXT3eVGUmi07W8rs7K6tr6R3cxtbe/s7uX3Dxo6jBWHOg9lqFou0yBFAHUUKKEVKWC+K6HpjipTv3kPSoswqOE4gq7PBoHwBGdopF7+qIPwgElFCs8LVZ8OGIKm57Q26eULdtGegS4TJyUFkqLay391+iGPfQiQS6Z127Ej7CZMoeASJrlOrCFifMQG0DY0YD7objJ7YUJPjdKn5gRTAdKZ+nsiYb7WY981nT7DoV70puJ/XjtG77qbiCCKEQI+X+TFkmJIp3nQvlDAUY4NYVwJcyvlQ6YYR5NazoTgLL68TBqlonNZLN1dFMo3aRxZckxOyBlxyBUpk1tSJXXCySN5Jq/kzXqyXqx362PemrHSmUPyB9bnD47HluE=</latexit>

Cli↵ord gates + T
<latexit sha1_base64="jWjH2UTQ5sFlkB0+pmxP4jLVz6U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvatypX5Zqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3PPjLY=</latexit>

+

<latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="jWjH2UTQ5sFlkB0+pmxP4jLVz6U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvatypX5Zqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3PPjLY=</latexit>

+

<latexit sha1_base64="Kz53LwMeJ8DWxqj1puoFjbeQ3Fk=">AAACDnicbVA9SwNBEN3zM8avqKXNYggIYrgTUUs1jZUfYKKQHGFvMxeX7O2du3NiOPILbPwrNhaK2Frb+W/cxBSa+GDg8d4MM/OCRAqDrvvlTExOTc/M5uby8wuLS8uFldWaiVPNocpjGevrgBmQQkEVBUq4TjSwKJBwFXQqff/qDrQRsbrEbgJ+xNpKhIIztFKzUGog3GNWOT27pFv0SEaxQcpUl3rbt2kgkLYZQq9ZKLpldwA6TrwhKZIhzpuFz0Yr5mkECrlkxtQ9N0E/YxoFl9DLN1IDCeMd1oa6pYpFYPxs8E6PlqzSomGsbSmkA/X3RMYiY7pRYDsjhjdm1OuL/3n1FMMDPxMqSREU/1kUppJiTPvZ0JbQwFF2LWFcC3sr5TdMM442wbwNwRt9eZzUdsreXnnnYrd4eDyMI0fWyQbZJB7ZJ4fkhJyTKuHkgTyRF/LqPDrPzpvz/tM64Qxn1sgfOB/fa2ybGA==</latexit>

CNOT + Almost any 1-qubit gate
<latexit sha1_base64="SKmqawQO3pEIEO2ZqQ0XjVi3NdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+SVq3qXVZrzYtK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8fs3eM4A==</latexit>

U

<latexit sha1_base64="kdZeE0HCycRHnlQP0KbywjJC2uI=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBi2E3iHqMevEYwTwgCWF20kmGzM6uM71iWHLz4q948aCIV3/Bm3/j5HHQxIKGoqqb7i4/ksKg6347qYXFpeWV9GpmbX1jcyu7vVMxYaw5lHkoQ13zmQEpFJRRoIRapIEFvoSq378a+dV70EaE6hYHETQD1lWiIzhDK7Wy+w2EB0wuZBAapEwNaOH4LvYF0i5DGLayOTfvjkHniTclOT JFqZX9arRDHgegkEtmTN1zI2wmTKPgEoaZRmwgYrzPulC3VLEATDMZ/zGkh1Zp006obSmkY/X3RMICYwaBbzsDhj0z643E/7x6jJ3zZiJUFCMoPlnUiSXFkI5CoW2hgaMcWMK4FvZWyntMM442uowNwZt9eZ5UCnnvNF+4OckVL6dxpMkeOSBHxCNnpEiuSYmUCSeP5Jm8kjfnyXlx3p2PSWvKmc7skj9wPn8AtAiZNA==</latexit>

Almost any 2-qubit gate
<latexit sha1_base64="eJ2ecZUYHlw9jfph5OTMQfpLX1k=">AAACCHicbVDLTgIxFO34RHyhLl1YJSauyAwx6pLIxiUm8kiAkE65QEOnM2nvGMmEpRt/xY0LjXHrJ7jzbywwCwVP0uTk3HPbnuNHUhh03W9naXlldW09s5Hd3Nre2c3t7ddMGGsOVR7KUDd8ZkAKBVUUKKERaWCBL6HuD8uTef0etBGhusNRBO2A9ZXoCc7QSp3cUQvhAZMyaGRCyRFVIdJIM47WIo/HnVzeLbhT0EXipSRPUlQ6ua9WN+RxAAq5ZMY0PTfCdsK0vVDCONuKDUSMD1kfmpYqFoBpJ9MgY3pqlS7thdoehXSq/t5IWGDMKPCtM2A4MPOzifjfrBlj76qdCBXFCIrPHurFkmJIJ63QrtDA0cbvCsa1sH+lfMAmNdjusrYEbz7yIqkVC95FoXh7ni9dp3VkyCE5IWfEI5ekRG5IhVQJJ4/kmbySN+fJeXHenY+ZdclJdw7IHzifPyzCmhE=</latexit>

Certainly not practical!

<latexit sha1_base64="fUWRWD5T4ffVbJ9qXDee8uM2P+Q=">AAACCnicbVA9T8MwFHTKVylfAUYWQ4UES5VUCBgrKiTGIlGo1EaV4zpg1bEj+wVRRZ1Z+CssDCDEyi9g49/glAxQeNPp7p7euwsTwQ143qdTmpmdm18oL1aWlldW19z1jUujUk1ZmyqhdCckhgkuWRs4CNZJNCNxKNhVOGzm+tUt04YreQGjhAUxuZY84pSApfrudg/YHWR75ymRkMb4VGulcVNpzWju2B/33apX8yaD/wK/AFVUTKvvfvQGiqYxk0AFMabrewkEGdHAqWDjSi81LCF0SK5Z10JJYmaCbBJljHctM8CR/SFSEvCE/bmRkdiYURxaZ0zgxkxrOfmf1k0hOg4yLpMUmKTfh6JUYFA47wUPeJ5YjCwgVHP7K6Y3RBMKtr2KLcGfjvwXXNZr/mGtfn5QbZwUdZTRFtpBe8hHR6iBzlALtRFF9+gRPaMX58F5cl6dt29rySl2NtGvcd6/AGBOmrM=</latexit>

(Quantum Error Correction)



Hardness of General U

<latexit sha1_base64="zhId+gci3arsRu/Cr9e4ktwR/oM=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBxrAbRC2DNoJNxLwgCWF2cpMMmX0wczcYllQ2/oqNhSK2foOdf+PkUWjigYHDOedy5x4vkkKj43xbqaXlldW19HpmY3Nre8fe3avoMFYcyjyUoap5TIMUAZRRoIRapID5noSq178e+9UBKC3CoITDCJo+6waiIzhDI7XswwbCAyb3Jjhgw9NbgQwGtNSDUIE/atlZJ+dMQBeJOyNZMkOxZX812iGPfQiQS6Z13XUibCZMoeASRplGrCFivM+6UDc0YD7oZjI5Y0SPjdKmnVCZFyCdqL8nEuZrPfQ9k/QZ9vS8Nxb/8+oxdi6biQiiGCHg00WdWFIM6bgT2hYKOMqhIYwrYf5KeY8pxtE0lzEluPMnL5JKPuee5/J3Z9nC1ayONDkgR+SEuOSCFMgNKZIy4eSRPJNX8mY9WS/Wu/Uxjaas2cw++QPr8wfbEZlf</latexit>

Solovay-Kitaev Theorem
<latexit sha1_base64="xH+zV3Q4LCubnBKk9aJzcz1xbTw="></latexit>

9quantum circuits that require ⌦(2n log(1/✏)/ log(n)) gates.

<latexit sha1_base64="bMcCp4Qvpfds0RBNsm8AqLuO/hQ=">AAACOnicbVBNTxsxEPVCWyD0I9BjL6NGSJyi3aiiiBOCS48gGkBKQjTrzCYWXnuxZxHRKr+LS38FNw699FCEuPID6oQcWuiTLD+/eWN7Xlpo5TmOb6OFxVev3ywtr9RW3757/6G+tn7sbekktaXV1p2m6EkrQ21WrOm0cIR5qukkPd+f1k8uyXllzXceF9TLcWhUpiRykPr1wy7TFVdHIzTGmh1AnVvPYdOwZ60mNJCVRk7N4O iiVI5gAtDFonD2ClpnJhxmV8AQmfyk2a834mY8A7wkyZw0xBwH/fpNd2BlmZNhqdH7ThIX3KvQsZKaJrVu6alAeY5D6gRqMCffq2ajT2AjKAPIrAvLMMzUvzsqzL0f52lw5sgj/7w2Ff9X65ScbfcqZYqSycinh7JSA1uY5giDkIRkPQ4EpVPhryBH6FBySLsWQkiej/ySHLeayVazdfilsbs3j2NZfBKfxaZIxFexK76JA9EWUlyLn+K3uIt+RL+i++jhyboQzXs+in8QPf4BZAStvw==</latexit>

Shannon: almost all Boolean function require ⇡ 2n gates.

<latexit sha1_base64="NH+PqOrqDJ18j2+QWzod6AoVSA0=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWIXdIGoZtLGMYC6QhDA7OUmGzM4uM2fVsOQJbHwVGwtFbK3tfBsnl0ITfxj4+M85nDl/EEth0PO+nczK6tr6RnYzt7W9s7vn7h/UTJRoDlUeyUg3AmZACgVVFCihEWtgYSChHgyvJvX6HWgjInWLoxjaIesr0ROcobU6bqGF8IBpHei9kJIGQIVC0GAQuhYpDiID446b94reVHQZ/DnkyVyVjvvV6kY8CUEhl8yYpu/F2E6ZRsEljHOtxEDM+JD1oWlRsRBMO52eM6YF63RpL9L2KaRT9/dEykJjRmFgO0OGA7NYm5j/1ZoJ9i7aqVBxgqD4bFEvkRQjOsmGdoUGjnJkgXEt7F8pHzDNuE3E5GwI/uLJy1ArFf2zYunmNF++nMeRJUfkmJwQn5yTMrkmFVIlnDySZ/JK3pwn58V5dz5mrRlnPnNI/sj5/AFRz5xJ</latexit>

We will be interested in those
<latexit sha1_base64="KMORMACbx6Oet6hjukH4b1ts2bQ=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoOgl7AbRD2KXjxGMCokIfROOsng7Owy06uGJZ/ixV/x4kERvenXODE5aGLBQFFVzXRXmChpyfc/vdzM7Nz8Qn6xsLS8srpWXN+4tHFqBNZErGJzHYJFJTXWSJLC68QgRKHCq/DmdOhf3aKxMtYX1E+wGUFXy44UQE5qFQ8bhPeUUQ+IC9A8RN5FjQYI2/xOUo8nseoPdvXeKMi7zrHlQatY8sv+D/g0CcakxMaotoofjXYs0gg1CQXW1gM/oWYGhqRQOCg0UosJiBvoYt1RDRHaZvZz4IDvOKXNO7FxT7tFh+rviQwia/tR6JIRUM9OekPxP6+eUueomUmdpIRajD7qpIpTzIdt8bY0KEj1HQFhpNuVix4YEOQ6LbgSgsmTp8llpRwclCvn+6Xjk3EdebbFttkuC9ghO2ZnrMpqTLAH9sRe2Kv36D17b977KJrzxjOb7A+8r28+yaOk</latexit>

that can be generated with poly(n) gates.



Hardness of General U
<latexit sha1_base64="216GIr5fyrfohEB/r+14QC1pnVI=">AAACDXicbVA9TxtBEN2DJIAhiSElzSoGicq6Q4ggKj4amiAjYUCyLWtuPWdW7O0eu7MI6+Q/kCZ/hYYiEaKlp+PfsDYuEuBJIz29N6OZeWmhpKM4foqmpj98/DQzO1eZX/j85Wt1cenEGW8FNoVRxp6l4FBJjU2SpPCssAh5qvA0vdgf+adXaJ00+pgGBXZy6GuZSQEUpG51pU14TeXRz91tvssvPWjyOQcNyvQ9cpPxw8awW63F9XgM/pYkE1JjEzS61cd2zwifoyahwLlWEhfUKcGSFAqHlbZ3WIC4gD62AtWQo+uU42+GfDUoPZ4ZG0oTH6v/TpSQOzfI09CZA527195IfM9recq2OqXUhSfU4mVR5hUnw0fR8J60KEgNAgFhZbiVi3OwICgEWAkhJK9ffktO1uvJZn39aKO2szeJY5Yts+9sjSXsB9thB6zBmkywX+yG/WF/o9/RbXQX3b+0TkWTmW/sP0QPzyADmvc=</latexit>

QMA: A quantum analogue of NP
<latexit sha1_base64="Uov8eInv//tW/GYLH/cX7JUvPyc="></latexit>

Verifying that | i satisfies a property can be done e�cinetly.
<latexit sha1_base64="0BUCbl0onbF8wtsiszaCR/VSAq4=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIrspMkeqy6EKXFewF2lIy6Zk2NJMZkjNiGfombnwVNy4UEXd9G9PLQlt/CPx85xxOzu/HUhh03YmTWVvf2NzKbud2dvf2D/KHR3UTJZpDjUcy0k2fGZBCQQ0FSmjGGljoS2j4w5tpvfEI2ohIPeAohk7I+koEgjO0qJsvtxGeML0FBdoi1ac4AGqQIVjHkBpLTSDAUIFUGDpgulccd/MFt+jORFeNtzAFslC1m/9u9yKehKCQS2ZMy3Nj7KRMo+ASxrl2YiBmfMj60LJWsRBMJ53dN6ZnlvRoEGn7FNIZ/T2RstCYUejbzpDhwCzXpvC/WivB4KqTChUnCIrPFwWJpBjRaVi0JzRwlCNrGNfC/pVyGwDjaCPN2RC85ZNXTb1U9MrF0v1FoXK9iCNLTsgpOSceuSQVckeqpEY4eSav5J18OC/Om/PpfM1bM85i5pj8kTP5AW1Uoy8=</latexit>

Generating the state that satisfies it is hard.

NP

NP-complete (SAT, MAX-CUT, Integer Programming, Ising model,…)

P

BQP
Factoring

Graph Isomorphism

PSPACE QMA



Quantum Algorithms

<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...
<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="2E1sbmrmlnlk8QemZSnyJlBY0Os=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3mW1dn9Rqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6DWjW4=</latexit>

}
<latexit sha1_base64="2E1sbmrmlnlk8QemZSnyJlBY0Os=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3mW1dn9Rqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6DWjW4=</latexit>

}<latexit sha1_base64="UOg4aT/3nW+MJ4rYfoD7rna5seU=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgqSRF1GPRi8cK9gPaUDbbSbt0swm7G7HG/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSDhT2nW/rZXVtfWNzcJWcXtnd69k7x80VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC6nvqte5SKxeJOjxP0IzIQLGSUaCP17NJTNyAye5h0JREDjj277FbcGZxl4uWkDDnqPfur249pGqHQlBOlOp6baD8jUjPKcVLspgoTQkdkgB1DBYlQ+dns8IlzYpS+E8bSlNDOTP09kZFIqXEUmM6I6KFa9Kbif14n1eGlnzGRpBoFnS8KU+7o2Jmm4PSZRKr52BBCJTO3OnRIJKHaZFU0IXiLLy+TZrXinVeqt2fl2lUeRwGO4BhOwYMLqMEN1KEBFFJ4hld4sx6tF+vd+pi3rlj5zCH8gfX5A3EVk5o=</latexit>

|x̄i
<latexit sha1_base64="arFDCEIyKMoOlhMkYqKxGYXe0J0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA2lM120i7dbMLuRgihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LRZAn6ER1JHnJGjZU6/YCqPJsOKlW35s5BVolXkCoUaA4qX/1hzNIIpWGCat3z3MT4OVWGM4HTcj/VmFA2oSPsWSpphNrP5+dOyblVhiSMlS1pyFz9PZHTSOssCmxnRM1YL3sz8T+vl5rwxs+5TFKDki0WhakgJiaz38mQK2RGZJZQpri9lbAxVZQZm1DZhuAtv7xK2vWad1WrP1xWG7dFHCU4hTO4AA+uoQH30IQWMJjAM7zCm5M4L86787FoXXOKmRP4A+fzB6fHj8k=</latexit>

ȳ

<latexit sha1_base64="LI7G6LufRZQJ1YqNMW6RnQ9IwQg=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjNF1JUU3bisYFVoh5JJ72gwk4zJHbEM/Rs3/oobQUV06Z+YtrPwdSBwOOdecs+JUiks+v6HV5qanpmdK89XFhaXlleqq2tnVmeGQ5trqc1FxCxIoaCNAiVcpAZYEkk4j66PRv75LRgrtDrFQQphwi6ViAVn6KRe9aCLcId5y0DKzFijOqZM0SFVdOJRepNFAinXSZrheIZJah2DYa9a8+v+GPQvCQpSIwVavepzt695loBCLpm1ncBPMcyZQcElDCvdzLpL+DW7hI6jiiVgw3ycc0i3nNKnsTbuqdFBTv2+kbPE2kESucmE4ZX97Y3E/7xOhvF+mAvl8oHik4/iTFLUdFQa7QsDHOXAEcaNcLdSfuX64uiqrbgSgt+R/5KzRj3YrTdOdmrNw6KOMtkgm2SbBGSPNMkxaZE24eSePJIX8uo9eE/em/c+GS15xc46+QHv8ws/hKbN</latexit>

Preparation of an n qubit computational state
<latexit sha1_base64="VI1URNBb0vzR2jNAYOKSSw8SMSA=">AAACHXicbVDLahtBEJx1XorysGwffRkiAjmJXWOSHE18yVGGyBJIQvSOeqXB81hmekzEoh/xxb+SSw4xwQdfgv/Go8chllwwUFR10dOVl0p6StP7ZOfZ8xcvX9Ve19+8ffd+t7G3f+5tcAI7wirrejl4VNJghyQp7JUOQecKu/nF6cLvXqLz0pofNCtxqGFiZCEFUJRGjeMB4U+qzgIYCpoL6USQxAtnNQcejFyEQXGPxG3BJ0Do56NGM22lS/Btkq1Jk63RHjXuBmMrgkZDQoH3/SwtaViBIykUzuuD4LEEcQET7EdqQKMfVsvr5vxjVMa8sC4+Q3yp/p+oQHs/03mc1EBTv+ktxKe8fqDi67CSpgyERqwWFUFxsnxRFR9Lh4LULBIQTsa/cjEFB4JiJ/VYQrZ58jY5P2pln1tHZ8fNk2/rOmrskH1gn1jGvrAT9p21WYcJdsV+sT/sJrlOfid/k9vV6E6yzhywR0j+PQBh6qK0</latexit>

Quantum circuit from a universal set of gates
<latexit sha1_base64="FI74XtvPVbANQrCO3nIOWK+ayB0=">AAACFnicbVDLSgNBEJyNrxhfqx69DAbBi2E3iHoMevEiRDAPSJYwO+kkQ2YfzPSKYclXePFXvHhQxKt482+cbHLQxIKBoqp7urv8WAqNjvNt5ZaWV1bX8uuFjc2t7R17d6+uo0RxqPFIRqrpMw1ShFBDgRKasQIW+BIa/vBq4jfuQWkRhXc4isELWD8UPcEZGqljn7QRHjC9AaYTBQGESEVIcQCUR0GcYFbGJDUzhB537KJTcjLQReLOSJHMUO3YX+1uxJPJv1wyrVuuE6OXMoWCSxgX2omGmPEh60PL0JAFoL00O2tMj4zSpb1ImWf2ytTfHSkLtB4FvqkMGA70vDcR//NaCfYuvFSE5j4I+XRQL5EUIzrJiHaFAo5yZAjjSphdKR8wxTiaJAsmBHf+5EVSL5fcs1L59rRYuZzFkScH5JAcE5eckwq5JlVSI5w8kmfySt6sJ+vFerc+pqU5a9azT/7A+vwBjAGgPQ==</latexit>

Measurement in the computational basis
<latexit sha1_base64="NbrCF0zFfL3fKw8sBL9ATfErNh8=">AAACG3icbVDJSgNBEO1xjXEb9eilMQjJJcwEUY9BEbwZwSyQhNDTqUma9Cx014hhyH948Ve8eFDEk+DBv7GzHDTxQcPj1avqqufFUmh0nG9raXlldW09s5Hd3Nre2bX39ms6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6HuDS7H9fo9KC2i8A6HMbQD1guFLzhDI3XsUgvhAdMr30gCQqTCp61cjyFoKjQd0Zv81BFHcjjKh4VCsWPnnKIzAV0k7ozkyAyVjv3Z6kY8Ccx4LpnWTdeJsZ0yhYJLGGVbiYaY8QHrQdPQkAWg2+nkthE9NkqX+pEyz6w3UX93pCzQehh4xhkw7Ov52lj8r9ZM0D9vpyKME4SQTz/yE0kxouOgaFco4CiHhjCuhNmV8j5TjKOJM2tCcOdPXiS1UtE9LZZuT3Lli1kcGXJIjkieuOSMlMk1qZAq4eSRPJNX8mY9WS/Wu/UxtS5Zs54D8gfW1w+9Y6CU</latexit>

E�cient if #gates is O(poly(n)).



Generality of the model
<latexit sha1_base64="2rN7d2fo9u6iM38pE8YOCyBwQH4=">AAACDXicbVA9SwNBEN2LXzF+nVraLEbBKtwFUTuDNpYRjArJEfY2c2Zxb/fYnRPDkT9g41+xsVDE1t7Of+MmpvDrwcDjvRlm5sWZFBaD4MMrTU3PzM6V5ysLi0vLK/7q2rnVueHQ4lpqcxkzC1IoaKFACZeZAZbGEi7i6+ORf3EDxgqtznCQQZSyKyUSwRk6qetvdRBusWgayJgZa1QnlCmNfTDUIkM4HHb9alALxqB/STghVTJBs+u/d3qa5yko5JJZ2w6DDKOCGRRcwrDSya3bx6/ZFbQdVSwFGxXjb4Z02yk9mmjjSiEdq98nCpZaO0hj15ky7Nvf3kj8z2vnmBxEhVBZjqD416IklxQ1HUVDe8IARzlwhHEj3K2U910qHF2AFRdC+Pvlv+S8Xgv3avXT3WrjaBJHmWyQTbJDQrJPGuSENEmLcHJHHsgTefbuvUfvxXv9ai15k5l18gPe2ycpGZw+</latexit>

Preparation of another state?
<latexit sha1_base64="xZcjnuyYaYAxkNUdnhwG29Ev6BY=">AAACFnicbVC7SgNBFJ2NrxhfUUubwSDYGHaDqGXQRrsI5gFJCLOTm2TI7Owyc1cMS77Cxl+xsVDEVuz8GyebFJp4YOBwzj3cucePpDDout9OZml5ZXUtu57b2Nza3snv7tVMGGsOVR7KUDd8ZkAKBVUUKKERaWCBL6HuD68mfv0etBGhusNRBO2A9ZXoCc7QSp38SQvhAZMbxWXcBYoDoDYfMZ36VKhU4kLzWOC4ky+4RTcFXSTejBTIDJVO/qvVDXkcgEIumTFNz42wnTCNgksY51qxscv4kPWhaaliAZh2kp41pkdW6dJeqO1TSFP1dyJhgTGjwLeTAcOBmfcm4n9eM8beRTsRKooRFJ8u6sWSYkgnHdGu0MBRjixhXAv7V8oHthKOtsmcLcGbP3mR1EpF76xYuj0tlC9ndWTJATkkx8Qj56RMrkmFVAknj+SZvJI358l5cd6dj+loxpll9skfOJ8/+suf4g==</latexit>

Include the preparation in the circuit

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="e7i9+tZmnQTONrwjyfzYZ/mFH10=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gOaUDbbabt0s1l2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqREQjZwKbhhmOHamQxBHHdjS+nfntR1SaJeLBTCSGMRkKNmCUGCsFT4HULFBEDDn2yhWv6s3hrhI/JxXI0eiVv4J+QtMYhaGcaN31PWnCjCjDKMdpKUg1SkLHZIhdSwWJUYfZ/Oape2aVvjtIlC1h3Ln6eyIjsdaTOLKdMTEjvezNxP+8bmoG12HGhEwNCrpYNEi5axJ3FoDbZwqp4RNLCFXM3urSEVGEGhtTyYbgL7+8Slq1qn9Zrd1fVOo3eRxFOIFTOAcfrqAOd9CAJlCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBuhZHy</latexit>

| i
<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...

<latexit sha1_base64="vHNhX1gacBxxH28CXYMFHfa4d0s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cKthbaUDabTbt2sxt2J4VS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBXcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMirTlDWpEkq3Q2KY4JI1kaNg7VQzkoSCPYbD25n/OGLacCUfcJyyICF9yWNOCVqp1R1FCk2vXPGq3hzuKvFzUoEcjV75qxspmiVMIhXEmI7vpRhMiEZOBZuWuplhKaFD0mcdSyVJmAkm82un7plVIjdW2pZEd67+npiQxJhxEtrOhODALHsz8T+vk2F8HUy4TDNkki4WxZlwUbmz192Ia0ZRjC0hVHN7q0sHRBOKNqCSDcFffnmVtGpV/7Jau7+o1G/yOIpwAqdwDj5cQR3uoAFNoPAEz/AKb45yXpx352PRWnDymWP4A+fzB825j0k=</latexit>...<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i

<latexit sha1_base64="z3r+AK7Zb2kCuqZPC7mPiJHCVxk=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtTNoYyNEMB+QhLC3mSRL9vaO3TkxHPkDNv4VGwtFbO3t/DfuJSk08cHC472Z2ZnnR1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTRhrDhUeylDXfWZACgUVFCihHmlggS+h5g+uUr92D9qIUN3hMIJWwHpKdAVnaKV27rCJ8IDJDTATawhAIRWKMhViHzS1k4W5GLVzebfgjkHniTcleTJFuZ37anZCHqfjuGTGNDw3wlbCNAouYZRtxgYixgesBw1LFQvAtJLxNSN6ZJUO7YbaPrvOWP3dkbDAmGHg28qAYd/Meqn4n9eIsXveSoSKYgTFJx91Y0kxpGk0tCM0cJRDSxjXwu5KeZ9pxtEGmLUheLMnz5NqseCdFoq3J/nS5TSODNknB+SYeOSMlMg1KZMK4eSRPJNX8uY8OS/Ou/MxKV1wpj175A+czx8WYJwy</latexit>

Measurement in another basis? <latexit sha1_base64="Xiq7Vfhlzu0TfSUchqzMV0TmDyQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFN26ECvYB06Fk0kwbmkmGJCOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5Db3u09UaSbFo5kmNIjxSLCIEWys5PdjbMYE8+x+NqjW3Lo7B1olXkFqUKA1qH71h5KkMRWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SgWOqg2weeYbOrDJEkVT2CYPm6u+NDMdaT+PQTuYR9bKXi/95fmqi6yBjIkkNFWTxUZRyZCTK70dDpigxfGoJJorZrIiMscLE2JYqtgRv+eRV0mnUvct64+Gi1rwp6ijDCZzCOXhwBU24gxa0gYCEZ3iFN8c4L86787EYLTnFzjH8gfP5A4TUkWo=</latexit>

M
<latexit sha1_base64="4Vg9IlZ3xxR6+CnZeaOKd3c1tXs=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtwFUcugjYVFBPMByRH2NnvJkr3dY3dOiUd+iY2FIrb+FDv/jZvkCk18MPB4b4aZeWEiuAHP+3ZWVtfWNzYLW8Xtnd29krt/0DQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC0fXUbz0wbbiS9zBOWBCTgeQRpwSs1HNL3VsWgeaDIRCt1WPPLXsVbwa8TPyclFGOes/96vYVTWMmgQpiTMf3EggyooFTwSbFbmpYQuiIDFjHUkliZoJsdvgEn1iljyOlbUnAM/X3REZiY8ZxaDtjAkOz6E3F/7xOCtFlkHGZpMAknS+KUoFB4WkKuM81oyDGlhCqub0V0yHRhILNqmhD8BdfXibNasU/r1Tvzsq1qzyOAjpCx+gU+egC1dANqqMGoihFz+gVvTlPzovz7nzMW1ecfOYQ/YHz+QM6gJN4</latexit>,

<latexit sha1_base64="ND2rQURZW/2ZwaWs9oWSIYzF2hg=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeiF48VTFtoY9lsJunSzSbubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fsqZ0rb9bZXW1jc2t8rblZ3dvf2D6uFRWyWZpODShCey6xMFnAlwNdMcuqkEEvscOv7oduZ3xiAVS8SDnqTgxSQSLGSUaCN57iAfTx/7AYkikINqza7bc+BV4hSkhgq0BtWvfpDQLAahKSdK9Rw71V5OpGaUw7TSzxSkhI5IBD1DBYlBefn86Ck+M0qAw0SaEhrP1d8TOYmVmsS+6YyJHqplbyb+5/UyHV57ORNppkHQxaIw41gneJYADpgEqvnEEEIlM7diOiSSUG1yqpgQnOWXV0m7UXcu6437i1rzpoijjE7QKTpHDrpCTXSHWshFFD2hZ/SK3qyx9WK9Wx+L1pJVzByjP7A+fwAMDJJJ</latexit>

U †
v

<latexit sha1_base64="cERiXZbTOiNQojWMXcRvVJ+fgis=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120i7dbMLuplBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis9jnu8Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj91Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+5v0uUJmxMQSyhS3txI2pIoyY9Mp2hC85ZdXSbNa8a4q1YfLcu02j6MAp3AGF+DBNdTgHurQAAYDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwBfzo3d</latexit>vi
<latexit sha1_base64="RlPLiSsF+PyxlcTyqxoXqlKhk3A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9y2qteVGp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0ceM9A==</latexit>

i
<latexit sha1_base64="qjEW18jYzIuhhO5BDWuFXvKVgFA=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlaSIuiy6cSNUsA9oQ5hMb9qhkwczk2IJ+QU3/oobF4q4defOv3HSZqGtBwYO59x7597jxZxJZVnfxsrq2vrGZmmrvL2zu7dvHhy2ZZQICi0a8Uh0PSKBsxBaiikO3VgACTwOHW98nfudCQjJovBeTWNwAjIMmc8oUVpyzWpfwYNKb4HIREAAocI4wxOXYTx3MNbjmcxcs2LVrBnwMrELUkEFmq751R9ENMlHUk6k7NlWrJyUCMUoh6zcTyTEhI7JEHqahiQA6aSzizJ8qpUB9iOhn15ppv7uSEkg5TTwdGVA1Eguern4n9dLlH/ppCyMEwUhnX/kJxyrCOfx4AETQBWfakKoYHpXTEdEEKp0iGUdgr148jJp12v2ea1+d1ZpXBVxlNAxOkFVZKML1EA3qIlaiKJH9Ixe0ZvxZLwY78bHvHTFKHqO0B8Ynz8VCZ0q</latexit>

Measurement vi basis
<latexit sha1_base64="SwMc4xL7B0u/7K7WAOaKnERAPQE=">AAACBHicbVC7SgNBFJ31GeMraplmMAhWYTeI2hm00DKCeUASwuzkJhkyO7vM3BXDksLGX7GxUMTWj7Dzb5xNUmjigYHDOfdw5x4/ksKg6347S8srq2vrmY3s5tb2zm5ub79mwlhzqPJQhrrhMwNSKKiiQAmNSAMLfAl1f3iV+vV70EaE6g5HEbQD1leiJzhDK3Vy+RbCAybXoEAzSQNgJtYQgMKLcSdXcIvuBHSReDNSIDNUOrmvVjfkcZrmkhnT9NwI2wnTKLiEcbYVG4gYH7I+NC1VLADTTiZHjOmRVbq0F2r7FNKJ+juRsMCYUeDbyYDhwMx7qfif14yxd95OhIpiBMWni3qxpBjStBHaFRo4ypEljGth/0r5gGnG0faWtSV48ycvklqp6J0WS7cnhfLlrI4MyZNDckw8ckbK5IZUSJVw8kieySt5c56cF+fd+ZiOLjmzzAH5A+fzB3GJmJw=</latexit>

General measurement?
<latexit sha1_base64="NO9vcAjUIOTOFQ19JbXQuR7PIn4="></latexit>

Additional extra qubits, gates and computational measurement.
<latexit sha1_base64="eI8GzvS6jIiDeK6il0Wh14GwrS8=">AAACGHicbVDLSgMxFM34rPVVdekmWARXdaaIurPoRncV7APaUjLprQ1NMkNyRyxDP8ONv+LGhSJuu/NvTB8LrR4IHM659+beE8ZSWPT9L29hcWl5ZTWzll3f2Nzazu3sVm2UGA4VHsnI1ENmQQoNFRQooR4bYCqUUAv7V2O/9gDGikjf4SCGlmL3WnQFZ+ikdu64ifCI6Y1GMAo6giFQBcwmBhRopEJT7AHlwvBE4MWwncv7BX8C+pcEM5InM5TbuVGzE/FkPIxLZm0j8GNspcyg4BKG2WZiIWa8z+6h4ahmCmwrnRw2pIdO6dBuZNxzy0zUnx0pU9YOVOgqFcOenffG4n9eI8HueSsVOk4QNJ9+1E0kxYiOU6IdYYCjHDjCuBFuV8p7zDDuYrJZF0Iwf/JfUi0WgtNC8fYkX7qcxZEh++SAHJGAnJESuSZlUiGcPJEX8kbevWfv1fvwPqelC96sZ4/8gjf6BuhXoOw=</latexit>

Intermediate measurement in the circuit?
<latexit sha1_base64="ekTDVyomwoDuXFAQV0gF5o3DE9M=">AAACEHicbVDLSgMxFM34rPVVdekmWERXZaaIuiy6cVnBPqAtJZPetqGZZEjuiGXoJ7jxV9y4UMStS3f+jeljoa0HAodz7k1yThhLYdH3v72l5ZXVtfXMRnZza3tnN7e3X7U6MRwqXEtt6iGzIIWCCgqUUI8NsCiUUAsH12O/dg/GCq3ucBhDK2I9JbqCM3RSO3fSRHjAtKwtxloBjYDZxEAECi1FTbEPFFRn1M7l/YI/AV0kwYzkyQzldu6r2dE8GV/EJbO2EfgxtlJmUHAJo2wzsRAzPmA9aDiqWAS2lU4CjeixUzq0q407CulE/b2RssjaYRS6yYhh3857Y/E/r5Fg97KVChUnCIpPH+omcpLUtUM7wgBHOXSEcSPcXynvM8M4ug6zroRgPvIiqRYLwXmheHuWL13N6siQQ3JETklALkiJ3JAyqRBOHskzeSVv3pP34r17H9PRJW+2c0D+wPv8Aa/wnZ0=</latexit>

Postpone measurements to the end
<latexit sha1_base64="X4BGcMvvo+W+AF2TSBfa59R8GSQ=">AAACEHicbVC7SgNBFJ31bXxFLW0Gg2gVdkXUTtFGuwjmAckSZic3Zsjs7DpzVwxLPsHGX7GxUMTW0s6/cbLZQo0HBg7nnMude4JYCoOu++VMTc/Mzs0vLBaWlldW14rrGzUTJZpDlUcy0o2AGZBCQRUFSmjEGlgYSKgH/fORX78DbUSkrnEQgx+yGyW6gjO0Uru420K4x/RSa8hido7eJkxhEtIoBp3FzMmwXSy5ZTcDnSReTkokR6Vd/Gx1Ip6EoJBLZkzTc2P0U6ZRcAnDQisxEDPeZzfQtFSxEIyfZgcN6Y5VOrQbafsU0kz9OZGy0JhBGNhkyLBn/noj8T+vmWD32E+FihMExceLuomkGNFRO7QjNHCUA0sY18L+lfIe04yjLadgS/D+njxJavtl77C8f3VQOj3L61ggW2Sb7BGPHJFTckEqpEo4eSBP5IW8Oo/Os/PmvI+jU04+s0l+wfn4BlxYng0=</latexit>

Irreversible quantum operations?
<latexit sha1_base64="qdlGsdMaCSfuUcO4h6Iqaqlbxe4="></latexit>

Equivalent to reversible operation with an additional quantum system (environment).

<latexit sha1_base64="n032IiMxKP2NEky6sqtRRRnfDZc=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQPIXdIOox6MVjAuYBSQizk04yZHZ2mekVwxK8+CtePCji1a/w5t84eRw0saChqOqmuyuIpTDoed9OZmV1bX0ju5nb2t7Z3XP3D2omSjSHKo9kpBsBMyCFgioKlNCINbAwkFAPhjcTv34P2ohI3eEohnbI+kr0BGdopY571EJ4wLSSBAKpipCGwEyioTvuuHmv4E1Bl4k/J3kyR7njfrW6EU9CUMglM6bpezG2U6ZRcAnjXCsxEDM+ZH1oWqpYCKadTl8Y01OrdGkv0rYU0qn6eyJloTGjMLCdIcOBWfQm4n9eM8HeVTsVKk4QFJ8t6iWSYkQnedCu0MBRjixhXAt7K+UDphlHm1rOhuAvvrxMasWCf1EoVs7zpet5HFlyTE7IGfHJJSmRW1ImVcLJI3kmr+TNeXJenHfnY9aaceYzh+QPnM8fy92XsQ==</latexit>

Qubit not measured
<latexit sha1_base64="1gjcOsO8p0Dc6VOKvtYRuP+tYeE=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjEIVuEuiFoGbWyECOYDkhD2NpNkyd7esTsnhiPY+FdsLBSx9VfY+W/cXFJo4oOBx3szzMzzIykMuu63k1laXlldy67nNja3tnfyu3s1E8aaQ5WHMtQNnxmQQkEVBUpoRBpY4Euo+8OriV+/B21EqO5wFEE7YH0leoIztFInf9BCeMDkBpiJNVCmurQX6j7guJMvuEU3BV0k3owUyAyVTv6r1Q15HIBCLpkxTc+NsJ0wjYJLGOdasYGI8SHrQ9NSxQIw7SR9YUyPrZKutqWQpurviYQFxowC33YGDAdm3puI/3nNGHsX7USoKEZQfLqoF0uKIZ3kQbtCA0c5soRxLeytlA+YZhxtajkbgjf/8iKplYreWbF0e1ooX87iyJJDckROiEfOSZlckwqpEk4eyTN5JW/Ok/PivDsf09aMM5vZJ3/gfP4AmrSXkQ==</latexit>

Measure and forget



Principle of deferred measurement

An intermediate measurement, even if its classical outcome 
controls further operations, can always be postponed to the 
end of the circuit.

<latexit sha1_base64="SKmqawQO3pEIEO2ZqQ0XjVi3NdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+SVq3qXVZrzYtK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8fs3eM4A==</latexit>

U
<latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X

<latexit sha1_base64="3AC2ubG45wFMerD/B1ObjuALD1o=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4xkUcCGzI79MLI7M46M0tCCP/gxYPGePV/vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O/ObI1Say/jBjBP0I9qPecgZNVZqdPAp5aNuseSW3TnIKvEyUoIMtW7xq9OTLI0wNkxQrduemxh/QpXhTOC00Ek1JpQNaR/blsY0Qu1P5tdOyZlVeiSUylZsyFz9PTGhkdbjKLCdETUDvezNxP+8dmrCa3/C4yQ1GLPFojAVxEgye530uEJmxNgSyhS3txI2oIoyYwMq2BC85ZdXSaNS9i7LlfuLUvUmiyMPJ3AK5+DBFVThDmpQBwaP8Ayv8OZI58V5dz4WrTknmzmGP3A+fwDEhY9D</latexit>⌘

<latexit sha1_base64="Xn8J5RQQ7oNypJVoqjbp0tyP448="></latexit>

In practice you want your quantum circuit as small as short.

<latexit sha1_base64="dowpAkq8swzaAbMdVY+AQ2lKxfM="></latexit>

We will discuss quantum algorithms in an ideal framework
<latexit sha1_base64="IxadKK5/+AM4/Y7tY23RyZl8yWQ=">AAACGHicbVDLSgMxFM34tr6qLt0Ei+BqnBFRl6IblxVaK7SlZNLbTjCTjMmdahn6GW78FTcuFHHrzr8xfSzUeiBwOOcebu6JUiksBsGXNzM7N7+wuLRcWFldW98obm5dW50ZDlWupTY3EbMghYIqCpRwkxpgSSShFt1eDP1aD4wVWlWwn0IzYV0lOoIzdFKreNBAeMD8XmCsM6RgjDY+rcSgaKQxpswAhbtM9JgEhf6gVSwFfjACnSbhhJTIBOVW8bPR1jxLXJpLZm09DFJs5syg4BIGhUZmIWX8lnWh7qhiCdhmPjpsQPec0qYdbdxTSEfqz0TOEmv7SeQmE4ax/esNxf+8eoad02YuVJohKD5e1MkkRU2HLdG2MMBR9h1h3Aj3V8pjZhhH12XBlRD+PXmaXB/64bF/eHVUOjuf1LFEdsgu2SchOSFn5JKUSZVw8kieySt58568F+/d+xiPzniTzDb5Be/zG09coI0=</latexit>

without error. Then both are equivalent.



DiVincenzo criteria for Quantum Computation

<latexit sha1_base64="3IT5zLSpm5HhKOgxa610+j8oyS4=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwYtgNoh6DXjxGMA9IQpid7U2GzD6c6RXDEvDir3jxoIhXf8Kbf+Mk2YMmFjQUVd0z3eXGUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDVdpkGKEGooUEIzVsACV0LDHVyN/cY9KC2i8BaHMXQC1guFLzhDI3UL+22EB0wbIOWJB755xaN3iStQj7qFol2yJ6DzxMlIkWSodgtfbS/iSQAhcsm0bjl2jJ2UKRRcwijfTjTEjA9YD1qGhiwA3UknN4zokVE86kfKVIh0ov6eSFmg9TBwTWfAsK9nvbH4n9dK0L/opCKME4SQTz/yE0kxouNAqCcUcJRDQxhXwuxKeZ8pxtHEljchOLMnz5N6ueSclco3p8XKZRZHjhyQQ3JMHHJOKuSaVEmNcPJInskrebOerBfr3fqYti5Y2cwe+QPr8weFwJgX</latexit>

Well-defined qubits

<latexit sha1_base64="Z8bKw7QdRi1dDV8fxFBHqVosEdw=">AAACDnicbVA9SwNBEN3zM8avqKXNYhCswp2IWgZttFMwJpCEMLeZ6OLe3rE7J8Yjv8DGv2JjoYittZ3/xs0lhUYfDDzem2F4L0yUtOT7X97U9Mzs3Hxhobi4tLyyWlpbv7RxagTWRKxi0wjBopIaayRJYSMxCFGosB7eHA/9+i0aK2N9Qf0E2xFcadmTAshJndJ2i/COslMtSYKS97nMKebAk9QgtwSEg06p7Ff8HPwvCcakzMY465Q+W91YpBFqEgqsbQZ+Qu0MDEmhcFBspRYTEDdwhU1HNURo21keZ8C3ndLlvdi40cRz9edFBpG1/Sh0mxHQtZ30huJ/XjOl3mE7kzpJCbUYPeqlahh32A3vSoOCVN8REMY1Iri4BgOCXINFV0IwGfkvudytBPuV3fO9cvVoXEeBbbIttsMCdsCq7ISdsRoT7IE9sRf26j16z96b9z5anfLGNxvsF7yPb+sMnKY=</latexit>

Initialization to a pure state
<latexit sha1_base64="mj+ZuDZb3IViIYEic4IkFIM5ruQ=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPC3ZIuqx6MVjBfsB7VKyadqGZrNLkhXq2l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYng2mD87RTW1jc2t4rbpZ3dvf2ye3DY1HGqKGvQWMSqHRLNBJesYbgRrJ0oRqJQsFY4vpn5rQemNI/lvZkkLIjIUPIBp8RYqeeWnzDGnufhriJyKFjPrWAPz4FWiZ+TCuSo99yvbj+macSkoYJo3fFxYoKMKMOpYNNSN9UsIXRMhqxjqSQR00E2P3yKTq3SR4NY2ZIGzdXfExmJtJ5Eoe2MiBnpZW8m/ud1UjO4CjIuk9QwSReLBqlAJkazFFCfK0aNmFhCqOL2VkRHRBFqbFYlG4K//PIqaVY9/8Kr3p1Xatd5HEU4hhM4Ax8uoQa3UIcGUEjhGV7hzXl0Xpx352PRWnDymSP4A+fzB8cVkeM=</latexit>

|000...0i
<latexit sha1_base64="MVeHqtL7UjLGvYmtTlXT2h9gn9Y=">AAACCnicbVA9SwNBFNzz2/h1ammzGgSrcCeilqKNhUUEo0JyhL3NS7Jkb/fYfSeGI7WNf8XGQhFbf4Gd/8ZNcoUaBxaGmfd4OxOnUlgMgi9vanpmdm5+YbG0tLyyuuavb1xbnRkONa6lNrcxsyCFghoKlHCbGmBJLOEm7p0N/Zs7MFZodYX9FKKEdZRoC87QSU1/u4Fwj/mFVh3KdRcMKA4URQKWOgwobfrloBKMQCdJWJAyKVBt+p+NluZZAgq5ZNbWwyDFKGcGBZcwKDUyCynjPdaBuqOKuVtRPooyoLtOadG2Nu4ppCP150bOEmv7SewmE4Zd+9cbiv959Qzbx1EuVJqhizg+1M4kRU2HvdCWMMBR9h1h3Aj3V8q7zDCOrr2SKyH8G3mSXO9XwsPK/uVB+eS0qGOBbJEdskdCckROyDmpkhrh5IE8kRfy6j16z96b9z4enfKKnU3yC97HN3qsmXM=</latexit>

Long coherence times
<latexit sha1_base64="UvwzHmC15zC6b5mlKLOSmT9R9H0=">AAACHHicbVDLSgMxFM3UV62vqks3g0WoCENSRV0W3bisYB/QKSWTZtrQTGZMMkKZzoe48VfcuFDEjQvBvzFtZ6GtBwLnnnMvN/d4EWdKQ/ht5ZaWV1bX8uuFjc2t7Z3i7l5DhbEktE5CHsqWhxXlTNC6ZprTViQpDjxOm97weuI3H6hULBR3ehTRToD7gvmMYG2kbvHU9SUmCUoTV91LnVTStDyGEDqOA12JRZ/TkzFCyNQoq4+7xRJ04BT2IkEZKYEMtW7x0+2FJA6o0IRjpdoIRrqTYKkZ4TQtuLGiESZD3KdtQwUOqOok0+NS+8goPdsPpXlC21P190SCA6VGgWc6A6wHat6biP957Vj7l52EiSjWVJDZIj/mtg7tSVJ2j0lKNB8Zgolk5q82GWCTljZ5FkwIaP7kRdKoOOjcqdyelapXWRx5cAAOQRkgcAGq4AbUQB0Q8AiewSt4s56sF+vd+pi15qxsZh/8gfX1A6b3n88=</latexit>

1p
2
(|000...0i+ |111...1i)

<latexit sha1_base64="sIOBoQv+UpExpprgX6R/7WXffWE=">AAACBnicbVC7SgNBFJ31GeMrainCYBCswm4QtQzaWEYwD0hCmJ3cTYbMzi4zd8WwpLLxV2wsFLH1G+z8G2eTFJp4YOBwzrncucePpTDout/O0vLK6tp6biO/ubW9s1vY26+bKNEcajySkW76zIAUCmooUEIz1sBCX0LDH15nfuMetBGRusNRDJ2Q9ZUIBGdopW7hqI3wgGlNiSzFJDWANAponyGYcbdQdEvuBHSReDNSJDNUu4Wvdi/iSQgKuWTGtDw3xk7KNAouYZxvJwZixoesDy1LFQvBdNLJGWN6YpUeDSJtn0I6UX9PpCw0ZhT6NhkyHJh5LxP/81oJBpedVKg4QVB8uihIJMWIZp3QntDAUY4sYVwL+1fKB0wzjraTvC3Bmz95kdTLJe+8VL49K1auZnXkyCE5JqfEIxekQm5IldQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwCkaZk7</latexit>

Universal set of gates

<latexit sha1_base64="3blxtJrJc1QnQ7Ka1PYh254MeGk=">AAACCXicbVC7TgJBFJ3FF+ILtbSZSEysyC4xakm0scQojwQImR0uMGF2dp25ayQbWht/xcZCY2z9Azv/xlmgUPAkk5ycc0/u3ONHUhh03W8ns7S8srqWXc9tbG5t7+R392omjDWHKg9lqBs+MyCFgioKlNCINLDAl1D3h5epX78HbUSobnEUQTtgfSV6gjO0UidPWwgPmNwI1ZdA72JfIA2AmVhDAArNuJMvuEV3ArpIvBkpkBkqnfxXqxvyOE1zyYxpem6E7YRpFFzCONeKDUSMD1kfmpYqFoBpJ5NLxvTIKl3aC7V9CulE/Z1IWGDMKPDtZMBwYOa9VPzPa8bYO28nQkUxguLTRb1YUgxpWgvtCg0c5cgSxrWwf6V8wDTjaMvL2RK8+ZMXSa1U9E6LpeuTQvliVkeWHJBDckw8ckbK5IpUSJVw8kieySt5c56cF+fd+ZiOZpxZZp/8gfP5A5kSmus=</latexit>

Single qubit measurements

<latexit sha1_base64="07fgStwtENhZ+Yn28rs//ubw8IM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ66JT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJq1b1Lqu1+4tK/SaPowgncArn4MEV1OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/AOxnjPc=</latexit>

X
<latexit sha1_base64="kXxrYyOM/NsfPb5V1ussTZ10RV4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALsLjOU=</latexit>

Z
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H <latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="VVyfaEIjAXudVX12U2EqlztCAhc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALBvjN4=</latexit>

S
<latexit sha1_base64="GnpFZvzCLYEzbeLTNB0PLjjqYJE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukVSl71+VK/apUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPsfOM3w==</latexit>

T
<latexit sha1_base64="jWjH2UTQ5sFlkB0+pmxP4jLVz6U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvatypX5Zqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3PPjLY=</latexit>

+



References

Further references

1. Quantum circuit model NC 4.2-4.4
2. Universal quantum gates NC 4.5; David Deutsch, Adriano Barenco, and Artur Ekert, Universality in quantum computation,

Proc. R. Soc. London A, 449:669–677, 1995.
3. Principle of deferred measurement NC page 186 + Exercise 4.35
4. DiVincenzo criteria for QC: D. P. Divincenzo, Mesoscopic Electron Transport, chapter Topics in Quantum Computers, 

pages 657–677 (1997), arXiv:cond-mat/9612126. 
5. For QMA start with Wikipedia

1. Quantum NP - A Survey, Dorit Aharonov and Tomer Naveh, arXiv:quant-ph/0210077v1
2. Watrous, John (2009). "Quantum Computational Complexity”, arXiv:0804.3401.

NC ≣ Michael Nielsen and Isaac Chuang, Quantum Computing and Quantum Information
Cambridge University Press (2010)

This lecture is supposed to be self-contained and there is no associate reading to it. 
Nonetheless, we provide references for those wanting to explore further the topic.


