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Basis: Computational basis
<latexit sha1_base64="u8mw2HOvsMFWl6/WJDnSB1sERMU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaSIuix202UF+4A2lslk0g6dTOLMpFBCVm78FTcuFHHrN7jzb5ykWWjrgQuHc+7l3nvciFGpLOvbWFldW9/YLG2Vt3d29/bNg8OODGOBSRuHLBQ9F0nCKCdtRRUjvUgQFLiMdN1JI/O7UyIkDfmdmkXECdCIU59ipLQ0NE8GAVJjjFjSTAfkIabTXHDdpJHee0OzYlWtHHCZ2AWpgAKtofk18EIcB4QrzJCUfduKlJMgoShmJC0PYkkihCdoRPqachQQ6ST5Gyk804oH/VDo4grm6u+JBAVSzgJXd2Y3ykUvE//z+rHyr52E8ihWhOP5Ij9mUIUwywR6VBCs2EwThAXVt0I8RgJhpZMr6xDsxZeXSadWtS+rtduLSv2miKMEjsEpOAc2uAJ10AQt0AYYPIJn8ArejCfjxXg3PuatK0YxcwT+wPj8ATHNmZc=</latexit>

H ⌘ Cd

<latexit sha1_base64="HWPXeXHEDf8BrYqjSN37b07dm9M=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpoi6L3bisYB/QDiWTZtrQZGZI7ohlKLjxV9y4UMStP+HOvzGdzkJbDwQO59yb5Bw/FlyD43xbhZXVtfWN4mZpa3tnd8/eP2jpKFGUNWkkItXxiWaCh6wJHATrxIoR6QvW9sf1md++Z0rzKLyDScw8SYYhDzglYKS+fdQD9gBpPZJxAplGBDYXcj3t22Wn4mTAy8TNSRnlaPTtr94goolkIVBBtO66TgxeShRwKti01Es0iwkdkyHrGhoSybSXZhmm+NQoAxxEypwQcKb+3kiJ1HoifTMpCYz0ojcT//O6CQRXXspDk4+FdP5QkAgMEZ4VggdcMQpiYgihipu/YjoiilAwtZVMCe5i5GXSqlbci0r19rxcu87rKKJjdILOkIsuUQ3doAZqIooe0TN6RW/Wk/VivVsf89GCle8coj+wPn8A+xOYYQ==</latexit>

Computational basis
<latexit sha1_base64="lw2LnEYZHBNhiWvwyDgvLtGRzZg=">AAACGXicbVDLSsNAFJ34tr6qLt0Ei+BCSiKiboSimy4rWhWaUm6mt3VwMgkzN2KJ+Q03/oobF4q41JV/47Rm4evAwOGce7lzTphIYcjzPpyx8YnJqemZ2dLc/MLiUnl55czEqebY5LGM9UUIBqVQ2CRBEi8SjRCFEs/Dq6Ohf36N2ohYndIgwXYEfSV6ggNZqVP2ggjokoPM6p3j/CAgvKHsJAGVB9mtF2hQfYlbt37BgrxTrnhVbwT3L/ELUmEFGp3yW9CNeRqhIi7BmJbvJdTOQJPgEvNSkBpMgF9BH1uWKojQtLNRstzdsErX7cXaPkXuSP2+kUFkzCAK7eQwh/ntDcX/vFZKvf12JlSSEir+daiXSpdid1iT2xUaOcmBJcC1sH91+SVo4GTLLNkS/N+R/5Kz7aq/W90+3qnUDos6ZtgaW2ebzGd7rMbqrMGajLM79sCe2LNz7zw6L87r1+iYU+yssh9w3j8B7EWhfw==</latexit>

HQ = Span{|0i, |1i}

<latexit sha1_base64="8LKw2YJOAn1ZxTyGPWzO/En6tRE=">AAACG3icbZBNSwMxEIazftb6VfXoJViEeim7RdSLUPTizQpWhW4p2XTahmaTJZkVy9r/4cW/4sWDIp4ED/4b09qDXy8EHt6ZYTJvlEhh0fc/vKnpmdm5+dxCfnFpeWW1sLZ+YXVqONS5ltpcRcyCFArqKFDCVWKAxZGEy6h/PKpfXoOxQqtzHCTQjFlXiY7gDJ3VKlRCyVRXAvVvg9CM8dCnNES4wYxSWjo12NNdrZikbo+wO8NWoeiX/bHoXwgmUCQT1VqFt7CteRqDQi6ZtY3AT7CZMYOCSxjmw9RCwnifdaHhULEYbDMb3zak285p04427imkY/f7RMZiawdx5Dpjhj37uzYy/6s1UuwcNDOhkhRB8a9FnVRS1HQUFG0LAxzlwAHjRri/Ut5jhnF0ceZdCMHvk//CRaUc7JUrZ7vF6tEkjhzZJFukRAKyT6rkhNRInXByRx7IE3n27r1H78V7/Wqd8iYzG+SHvPdPz9GgDQ==</latexit>

h0|1i = 0 (Orthogonal basis)

<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="osbCX53UKNyZK3IS8d51LoZ1qxk=">AAACD3icbVDLTgIxFO3gC/GFunTTSDSuyAwx6pLIxiUm8kiAkE65QEM7M2nvGMmEP3Djr7hxoTFu3brzbywDCwVP0uTk3HvanuNHUhh03W8ns7K6tr6R3cxtbe/s7uX3D+omjDWHGg9lqJs+MyBFADUUKKEZaWDKl9DwR5XpvHEP2ogwuMNxBB3FBoHoC87QSt38aRvhAZNKqKIYU41Jai8UhipgJtagIMBJN19wi24Kuky8OSmQOard/Fe7F/J4auaSGdPy3Ag7CdMouIRJrh0biBgfsQG0LA2YAtNJ0jwTemKVHu2H2p4Aaar+diRMGTNWvt1UDIdmcTYV/5u1YuxfdRIR2KwQ8NlD/VhSDOm0HNoTGjjKsSWMa2H/SvmQacbRVpizJXiLkZdJvVT0Loql2/NC+XpeR5YckWNyRjxyScrkhlRJjXDySJ7JK3lznpwX5935mK1mnLnnkPyB8/kDjhadnw==</latexit>

Computational basis measurement

This ensure logical 0 and 1 is an
orthonormal basis of a Hilbert space
of dim 2.

<latexit sha1_base64="1UfSltT5YF0qKe3hliG5l27gWvE=">AAACKHicbVBNSwMxEM36WetX1aOXYBEUpOwWUS+i6MWTKNhW6JaSTac1NJtdklmx7vbnePGveBFRxKu/xLQW/HwQePPeDJN5QSyFQdd9c8bGJyanpnMz+dm5+YXFwtJy1USJ5lDhkYz0ZcAMSKGgggIlXMYaWBhIqAXd44FfuwZtRKQusBdDI2QdJdqCM7RSs3CQZf5W5vqaqY6ELNsf1t5X7VHqI9xgSindOI10yKS4hRa1S4XZ7DcLRbfkDkH/Em9EimSEs2bhyW9FPAlBIZfMmLrnxthImUbBJfTzfmIgZrzLOlC3VLEQTCMdHtqn61Zp0Xak7VNIh+r3iZSFxvTCwHaGDK/Mb28g/ufVE2zvNVKh4gRB8c9F7URSjOggNdoSGjjKniWMa2H/SvkV04yjzTZvQ/B+n/yXVMslb6dUPt8uHh6N4siRVbJGNohHdskhOSFnpEI4uSMP5Jm8OPfOo/PqvH22jjmjmRXyA877B0cRphc=</latexit>

|| |0i|| = || |1i|| = 1 (Normalized basis)

<latexit sha1_base64="7aZgptDWGC6e2h2hWLIZMFAvO9U="></latexit>

8| i, 9 0 and  1 : | i =  0|0i+  1|1i

The amplitudes of the quantum state
on the logical basis (0 and 1) are
associated with the outcome
probabilities of the computational
basis measurement (logical 0 or 1).

<latexit sha1_base64="+hCAE09W+ymLv3ATvx7oTQZNcg4=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlyqpeC2VKlgYi0QfUhMix3Vbq44T2Q5SlfYbWPgVFgYQYmVi429w0wzQciRL555zr67v8SNGpbKsbyO3srq2vpHfLGxt7+zumfsHLRnGApMmDlkoOj6ShFFOmooqRjqRICjwGWn7o+uZ334gQtKQ36lxRNwADTjtU4yUljyz3ChZ5drEYYgPGIHWxIkkdURaTe6rtbT2LE09s2hVrBRwmdgZKYIMDc/8cnohjgPCFWZIyq5tRcpNkFAUMzItOLEkEcIjNCBdTTkKiHST9KQpPNFKD/ZDoR9XMFV/TyQokHIc+LozQGooF72Z+J/XjVX/0k0oj2JFOJ4v6scMqhDO8oE9KghWbKwJwoLqv0I8RAJhpVMs6BDsxZOXSatasc8rZ7enxfpVFkceHIFjUAI2uAB1cAMaoAkweATP4BW8GU/Gi/FufMxbc0Y2cwj+wPj8Ac7onPk=</latexit>

P (0) = |h0| i|2 = | 0|2

<latexit sha1_base64="jofhC+Up+oNdb/cYXQnlU9P9krg=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlyqpeC2VKlgYi0QfUhMix3Vbq44T2Q5SlfYbWPgVFgYQYmVi429w0wzQciRL555zr67v8SNGpbKsbyO3srq2vpHfLGxt7+zumfsHLRnGApMmDlkoOj6ShFFOmooqRjqRICjwGWn7o+uZ334gQtKQ36lxRNwADTjtU4yUljyz3CjZ5drEYYgPGIH2xIkkdURaTe6rtbT2bE09s2hVrBRwmdgZKYIMDc/8cnohjgPCFWZIyq5tRcpNkFAUMzItOLEkEcIjNCBdTTkKiHST9KQpPNFKD/ZDoR9XMFV/TyQokHIc+LozQGooF72Z+J/XjVX/0k0oj2JFOJ4v6scMqhDO8oE9KghWbKwJwoLqv0I8RAJhpVMs6BDsxZOXSatasc8rZ7enxfpVFkceHIFjUAI2uAB1cAMaoAkweATP4BW8GU/Gi/FufMxbc0Y2cwj+wPj8AdO3nPw=</latexit>

P (1) = |h1| i|2 = | 1|2



The effect of measurement



Random coins vs quantum coins

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

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

|0i

<latexit sha1_base64="UVWKOzwC/iZi3NJZHlocnd8HMO0=">AAACF3icbVA9TxtBEN0jEIhDgknKNCsspFTWHYqAEkFDiaUYkGzLmlvPmRX7cdqdRVgn/wsa/goNRSJECx3/hvVHwdernt6b0cx7eamkpzR9ShY+LS59Xl75Uvu6+u37Wn39x7G3wQlsC6usO83Bo5IG2yRJ4WnpEHSu8CQ/P5j4JxfovLTmL41K7GkYGllIARSlfr3ZJbykqhXAUNDcgRlYzU3QOTo+RIMOyDoupBNB0rhfb6TNdAr+nmRz0mBzHPXrj92BFUGjIaHA+06WltSrwJEUCse1bvBYgjiHIXYiNaDR96pprjHfjMqAF/F+YQ3xqfpyowLt/UjncVIDnfm33kT8yOsEKnZ7lTRlIDRidqgIipPlk5L4QDoUpEaRgHAy/srFGTgQFKusxRKyt5Hfk+OtZrbd3Gr9aeztz+tYYb/YBvvNMrbD9tghO2JtJtgVu2H/2P/kOrlN7pL72ehCMt/5yV4heXgGhQagxg==</latexit>

Quantum random number generator circuit

<latexit sha1_base64="zPBJ43d1kZIlBbtyoPJsiAqh+Io=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiZB1E2h6MZlBfuANobJdNIOnUzCzEQIaf0VNy4UceuHuPNvnLZZaOuBC4dz7uXee/yYUaks69tYWV1b39gsbBW3d3b39s2Dw5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/dHN1G8/EiFpxO9VGhM3RANOA4qR0pJnlhoV67Q27sWSetb4wanZZ45nlq2qNQNcJnZOyiBHwzO/ev0IJyHhCjMkZde2YuVmSCiKGZkUe4kkMcIjNCBdTTkKiXSz2fETeKKVPgwioYsrOFN/T2QolDINfd0ZIjWUi95U/M/rJiq4cjPK40QRjueLgoRBFcFpErBPBcGKpZogLKi+FeIhEggrnVdRh2AvvrxMWk7Vvqg6d+fl+nUeRwEcgWNQATa4BHVwCxqgCTBIwTN4BW/Gk/FivBsf89YVI58pgT8wPn8A+NmTDA==</latexit>

P (0) = | 0|2 = 1/2

<latexit sha1_base64="ppbePWp5yTavPiAED3vfrTocQLU=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpmaCqJtC0Y3LCvYBbQyT6aQdOnkwMxFCWn/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hi/mTCrL+jZWVtfWNzYLW8Xtnd29ffPgsCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3uhm6rcfqZAsCu9VGlMnwIOQ+YxgpSXXLDUq6LQ27sWSuWj8YNfQme2aZatqzQCXCcpJGeRouOZXrx+RJKChIhxL2UVWrJwMC8UIp5NiL5E0xmSEB7SraYgDKp1sdvwEnmilD/1I6AoVnKm/JzIcSJkGnu4MsBrKRW8q/ud1E+VfORkL40TRkMwX+QmHKoLTJGCfCUoUTzXBRDB9KyRDLDBROq+iDgEtvrxMWnYVXVTtu/Ny/TqPowCOwDGoAAQuQR3cggZoAgJS8AxewZvxZLwY78bHvHXFyGdK4A+Mzx/7+JMO</latexit>

P (1) = | 1|2 = 1/2

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="TZlxj0CMrGyLMBxPlCCLK4mPBZ0=">AAACGHicbVBNS8NAEN3Urxq/oh69LBbBU02kqBeh6MVjBfsBTSmb7bRdutmE3U2xhP4ML/4VLx4U8dqb/8ZtG1BbHww83pthZl4Qc6a0635ZuZXVtfWN/Ka9tb2zu+fsH9RUlEgKVRrxSDYCooAzAVXNNIdGLIGEAYd6MLid+vUhSMUi8aBHMbRC0hOsyyjRRmo7Z35AZDoct91rP4AeE2kQEi3Z49j2sO/bru2D6PyIbafgFt0Z8DLxMlJAGSptZ+J3IpqEIDTlRKmm58a6lRKpGeUwtv1EQUzogPSgaaggIahWOntsjE+M0sHdSJoSGs/U3xMpCZUahYHpNAf21aI3Ff/zmonuXrVSJuJEg6DzRd2EYx3haUq4wyRQzUeGECqZuRXTPpGEapPlNARv8eVlUjsvehfF0n2pUL7J4sijI3SMTpGHLlEZ3aEKqiKKntALekPv1rP1an1Yn/PWnJXNHKI/sCbfq96fiA==</latexit>

v̄0 =


1
0

�

<latexit sha1_base64="rV2eLCvRvY7VJ0DFfXgZBW9y43U=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCWoAsaKLoxFog+pjSrHdVqrjhPZN4gq6sDCr7AwgBArH8HG3+C0GaDlSFc6Oude+97jx4JrcJxvq7C2vrG5Vdwu7ezu7R/Yh0dtHSWKshaNRKS6PtFMcMlawEGwbqwYCX3BOv6kkfmde6Y0j+QdTGPmhWQkecApASMN7HIf2AOkDUG0NqLANOISB4LHs9LArjhVZw68StycVFCO5sD+6g8jmoRMAs0e7LlODF5KFHAq2KzUTzSLCZ2QEesZKknItJfOj5jhU6MMcRApUxLwXP09kZJQ62nom86QwFgve5n4n9dLILjyUi7jBJiki4+CRGCIcJYIHnLFKIipIYQqbnbFdEwUoWByy0Jwl09eJe3zqntRrd3WKvXrPI4iKqMTdIZcdInq6AY1UQtR9Iie0St6s56sF+vd+li0Fqx85hj9gfX5A41JmAg=</latexit>

Classical coin flip

<latexit sha1_base64="zRRrkHR9MyQuMRBHsjyoyqXEFok="></latexit>

p̄out = Rv̄0 =


1/2
1/2

�

<latexit sha1_base64="72+n3FZbrtiyxAOkUEnoFBW8GQA=">AAACIXicbVDLSgMxFM3UVx1fVZdugkVxVWdK0W6EohuXVewDOqVk0ts2NJMZkoxYhv6KG3/FjQtFuhN/xvSB1NYDCSfnnkvuPX7EmdKO82WlVlbX1jfSm/bW9s7uXmb/oKrCWFKo0JCHsu4TBZwJqGimOdQjCSTwOdT8/s24XnsEqVgoHvQggmZAuoJ1GCXaSK1M8f7K86HLROIHREv2NMS2e57Hp3h8e97cy/ZAtH9trUzWyTkT4GXizkgWzVBuZUZeO6RxAEJTTpRquE6kmwmRmlEOQ9uLFUSE9kkXGoYKEoBqJpMNh/jEKG3cCaU5QuOJOt+RkECpQeAbp5mvpxZrY/G/WiPWnWIzYSKKNQg6/agTc6xDPI4Lt5kEqvnAEEIlM7Ni2iOSUG1CtU0I7uLKy6Saz7kXucJdIVu6nsWRRkfoGJ0hF12iErpFZVRBFD2jV/SOPqwX6836tEZTa8qa9RyiP7C+fwC6GJ+P</latexit>

R =


1/2 1/2
1/2 1/2

�



Random coins vs quantum coins: concatenation

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

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

|0i

<latexit sha1_base64="UVWKOzwC/iZi3NJZHlocnd8HMO0=">AAACF3icbVA9TxtBEN0jEIhDgknKNCsspFTWHYqAEkFDiaUYkGzLmlvPmRX7cdqdRVgn/wsa/goNRSJECx3/hvVHwdernt6b0cx7eamkpzR9ShY+LS59Xl75Uvu6+u37Wn39x7G3wQlsC6usO83Bo5IG2yRJ4WnpEHSu8CQ/P5j4JxfovLTmL41K7GkYGllIARSlfr3ZJbykqhXAUNDcgRlYzU3QOTo+RIMOyDoupBNB0rhfb6TNdAr+nmRz0mBzHPXrj92BFUGjIaHA+06WltSrwJEUCse1bvBYgjiHIXYiNaDR96pprjHfjMqAF/F+YQ3xqfpyowLt/UjncVIDnfm33kT8yOsEKnZ7lTRlIDRidqgIipPlk5L4QDoUpEaRgHAy/srFGTgQFKusxRKyt5Hfk+OtZrbd3Gr9aeztz+tYYb/YBvvNMrbD9tghO2JtJtgVu2H/2P/kOrlN7pL72ehCMt/5yV4heXgGhQagxg==</latexit>

Quantum random number generator circuit

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="TZlxj0CMrGyLMBxPlCCLK4mPBZ0=">AAACGHicbVBNS8NAEN3Urxq/oh69LBbBU02kqBeh6MVjBfsBTSmb7bRdutmE3U2xhP4ML/4VLx4U8dqb/8ZtG1BbHww83pthZl4Qc6a0635ZuZXVtfWN/Ka9tb2zu+fsH9RUlEgKVRrxSDYCooAzAVXNNIdGLIGEAYd6MLid+vUhSMUi8aBHMbRC0hOsyyjRRmo7Z35AZDoct91rP4AeE2kQEi3Z49j2sO/bru2D6PyIbafgFt0Z8DLxMlJAGSptZ+J3IpqEIDTlRKmm58a6lRKpGeUwtv1EQUzogPSgaaggIahWOntsjE+M0sHdSJoSGs/U3xMpCZUahYHpNAf21aI3Ff/zmonuXrVSJuJEg6DzRd2EYx3haUq4wyRQzUeGECqZuRXTPpGEapPlNARv8eVlUjsvehfF0n2pUL7J4sijI3SMTpGHLlEZ3aEKqiKKntALekPv1rP1an1Yn/PWnJXNHKI/sCbfq96fiA==</latexit>

v̄0 =


1
0

�

<latexit sha1_base64="rV2eLCvRvY7VJ0DFfXgZBW9y43U=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCWoAsaKLoxFog+pjSrHdVqrjhPZN4gq6sDCr7AwgBArH8HG3+C0GaDlSFc6Oude+97jx4JrcJxvq7C2vrG5Vdwu7ezu7R/Yh0dtHSWKshaNRKS6PtFMcMlawEGwbqwYCX3BOv6kkfmde6Y0j+QdTGPmhWQkecApASMN7HIf2AOkDUG0NqLANOISB4LHs9LArjhVZw68StycVFCO5sD+6g8jmoRMAs0e7LlODF5KFHAq2KzUTzSLCZ2QEesZKknItJfOj5jhU6MMcRApUxLwXP09kZJQ62nom86QwFgve5n4n9dLILjyUi7jBJiki4+CRGCIcJYIHnLFKIipIYQqbnbFdEwUoWByy0Jwl09eJe3zqntRrd3WKvXrPI4iKqMTdIZcdInq6AY1UQtR9Iie0St6s56sF+vd+li0Fqx85hj9gfX5A41JmAg=</latexit>

Classical coin flip
<latexit sha1_base64="72+n3FZbrtiyxAOkUEnoFBW8GQA=">AAACIXicbVDLSgMxFM3UVx1fVZdugkVxVWdK0W6EohuXVewDOqVk0ts2NJMZkoxYhv6KG3/FjQtFuhN/xvSB1NYDCSfnnkvuPX7EmdKO82WlVlbX1jfSm/bW9s7uXmb/oKrCWFKo0JCHsu4TBZwJqGimOdQjCSTwOdT8/s24XnsEqVgoHvQggmZAuoJ1GCXaSK1M8f7K86HLROIHREv2NMS2e57Hp3h8e97cy/ZAtH9trUzWyTkT4GXizkgWzVBuZUZeO6RxAEJTTpRquE6kmwmRmlEOQ9uLFUSE9kkXGoYKEoBqJpMNh/jEKG3cCaU5QuOJOt+RkECpQeAbp5mvpxZrY/G/WiPWnWIzYSKKNQg6/agTc6xDPI4Lt5kEqvnAEEIlM7Ni2iOSUG1CtU0I7uLKy6Saz7kXucJdIVu6nsWRRkfoGJ0hF12iErpFZVRBFD2jV/SOPqwX6836tEZTa8qa9RyiP7C+fwC6GJ+P</latexit>

R =


1/2 1/2
1/2 1/2

�

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R
<latexit sha1_base64="Bd+7hS0zHhxsWXuFlqOQdJkAu8U=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIqBux6MZlBfuANoTJdNIOncyEeQg15EvcuFDErZ/izr9x2mahrQcuHM65l3vviVJGlfa8b6e0srq2vlHerGxt7+xW3b39thJGYtLCggnZjZAijHLS0lQz0k0lQUnESCca3079ziORigr+oCcpCRI05DSmGGkrhW61HyGZpXmYCaPzq+vQrXl1bwa4TPyC1ECBZuh+9QcCm4RwjRlSqud7qQ4yJDXFjOSVvlEkRXiMhqRnKUcJUUE2OzyHx1YZwFhIW1zDmfp7IkOJUpMksp0J0iO16E3F/7ye0fFlkFGeGk04ni+KDYNawGkKcEAlwZpNLEFYUnsrxCMkEdY2q4oNwV98eZm0T+v+ef3s/qzWuCniKINDcAROgA8uQAPcgSZoAQwMeAav4M15cl6cd+dj3lpyipkD8AfO5w8rlZNu</latexit>

p̄out =?

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

H
<latexit sha1_base64="G0TbfS0+QzLLBI4t00YKLkdmaYc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUG8GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5LDjMw=</latexit>

?



Random coins vs quantum coins: concatenation

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

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

|0i

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="TZlxj0CMrGyLMBxPlCCLK4mPBZ0=">AAACGHicbVBNS8NAEN3Urxq/oh69LBbBU02kqBeh6MVjBfsBTSmb7bRdutmE3U2xhP4ML/4VLx4U8dqb/8ZtG1BbHww83pthZl4Qc6a0635ZuZXVtfWN/Ka9tb2zu+fsH9RUlEgKVRrxSDYCooAzAVXNNIdGLIGEAYd6MLid+vUhSMUi8aBHMbRC0hOsyyjRRmo7Z35AZDoct91rP4AeE2kQEi3Z49j2sO/bru2D6PyIbafgFt0Z8DLxMlJAGSptZ+J3IpqEIDTlRKmm58a6lRKpGeUwtv1EQUzogPSgaaggIahWOntsjE+M0sHdSJoSGs/U3xMpCZUahYHpNAf21aI3Ff/zmonuXrVSJuJEg6DzRd2EYx3haUq4wyRQzUeGECqZuRXTPpGEapPlNARv8eVlUjsvehfF0n2pUL7J4sijI3SMTpGHLlEZ3aEKqiKKntALekPv1rP1an1Yn/PWnJXNHKI/sCbfq96fiA==</latexit>

v̄0 =


1
0

�

<latexit sha1_base64="72+n3FZbrtiyxAOkUEnoFBW8GQA=">AAACIXicbVDLSgMxFM3UVx1fVZdugkVxVWdK0W6EohuXVewDOqVk0ts2NJMZkoxYhv6KG3/FjQtFuhN/xvSB1NYDCSfnnkvuPX7EmdKO82WlVlbX1jfSm/bW9s7uXmb/oKrCWFKo0JCHsu4TBZwJqGimOdQjCSTwOdT8/s24XnsEqVgoHvQggmZAuoJ1GCXaSK1M8f7K86HLROIHREv2NMS2e57Hp3h8e97cy/ZAtH9trUzWyTkT4GXizkgWzVBuZUZeO6RxAEJTTpRquE6kmwmRmlEOQ9uLFUSE9kkXGoYKEoBqJpMNh/jEKG3cCaU5QuOJOt+RkECpQeAbp5mvpxZrY/G/WiPWnWIzYSKKNQg6/agTc6xDPI4Lt5kEqvnAEEIlM7Ni2iOSUG1CtU0I7uLKy6Saz7kXucJdIVu6nsWRRkfoGJ0hF12iErpFZVRBFD2jV/SOPqwX6836tEZTa8qa9RyiP7C+fwC6GJ+P</latexit>

R =


1/2 1/2
1/2 1/2

�

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

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

H

<latexit sha1_base64="hG2f4cSfNyiK6wiSCGmop1UYC0I="></latexit>

p̄out = R2v̄0 =


1/2
1/2

�

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

|0i
<latexit sha1_base64="Te7n+ybT6NPvgpFMBOxhfFfyK2s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6cEv9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhtT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukdVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/sEOM0Q==</latexit>

0
<latexit sha1_base64="3TB/E8Y7CxDr7Tb1+yUtjbhmlLU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrulqBeh6KXeKtgPaNeSTbNtbDZZkqxQSv+DFw+KePX/ePPfmG33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRjep33qiSjMp7s04pn6EB4KFjGBjpWbtoXx1m+8Vim7JnQEtEy8jRchQ7xW+un1JkogKQzjWuuO5sfEnWBlGOJ3mu4mmMSYjPKAdSwWOqPYns2un6NQqfRRKZUsYNFN/T0xwpPU4CmxnhM1QL3qp+J/XSUx46U+YiBNDBZkvChOOjETp66jPFCWGjy3BRDF7KyJDrDAxNqA0BG/x5WXSLJe881LlrlKsXmdx5OAYTuAMPLiAKtSgDg0g8AjP8ApvjnRenHfnY9664mQzR/AHzucPEdWOJw==</latexit>

H
2 = I

<latexit sha1_base64="5C4BH6cbeGV07563fy8DWgQVxKs=">AAACCHicbVDLSgMxFM34rPVVdenCYBFclRkp6rLoxmWFvqAdSibNtKGZZEjuqGXo0o2/4saFIm79BHf+jem0C209cOFwzr3JvSeIBTfgut/O0vLK6tp6biO/ubW9s1vY228YlWjK6lQJpVsBMUxwyerAQbBWrBmJAsGawfB64jfvmDZcyRqMYuZHpC95yCkBK3ULRx1gD5DW7hWmghhjDYGp4hKHgsdm3C0U3ZKbAS8Sb0aKaIZqt/DV6SmaRExC9mDbc2PwU6KBU8HG+U5iWEzokPRZ21JJImb8NDtkjE+s0sOh0rYk4Ez9PZGSyJhRFNjOiMDAzHsT8T+vnUB46adcxgkwSacfhYnAoPAkFdzjmlEQI0sI1dzuiumAaELBZpe3IXjzJy+SxlnJOy+Vb8vFytUsjhw6RMfoFHnoAlXQDaqiOqLoET2jV/TmPDkvzrvzMW1dcmYzB+gPnM8fKhqaEw==</latexit>

Two classical coin flips

<latexit sha1_base64="qDOKhIaLgxsoeTP45U3J+sBcv8o=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUGwCrsS1DJoYxkhL0hCmJ3MJkNmZ9aZu2pYUtr4KzYWitj6CXb+jZNHoYkHLhzOuZd77wliwQ143reztLyyurae2chubm3v7Lp7+zWjEk1ZlSqhdCMghgkuWRU4CNaINSNRIFg9GFyN/fod04YrWYFhzNoR6UkeckrASh33qAXsAdLKvcK524RISCJMFZc4FDw2uVHHzXsFbwK8SPwZyaMZyh33q9VVNImYBCqIMU3fi6GdEg2cCjbKthLDYkIHpMealkoSMdNOJ4+M8LFVujhU2pYEPFF/T6QkMmYYBbYzItA3895Y/M9rJhBetFMu4wSYpNNFYSIwKDxOBXe5ZhTE0BJCNbe3YtonmlCw2WVtCP78y4ukdlrwzwrFm2K+dDmLI4MOUQ6dIB+doxK6RmVURRQ9omf0it6cJ+fFeXc+pq1LzmzmAP2B8/kDlRKZsw==</latexit>

Two ”quantum coin flips”



To measure or not to measure….

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

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

|0i
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

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

|0i
<latexit sha1_base64="Te7n+ybT6NPvgpFMBOxhfFfyK2s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6cEv9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhtT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukdVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/sEOM0Q==</latexit>

0

<latexit sha1_base64="ZFUWVsHg1gzVVfpqRC69HvGmHTQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwkWcLspDcZMju7zMwKIeYrvHhQxKuf482/cZLsQRMLGoqqbrq7gkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/+YhK81jem1GCfkT7koecUWOlh6ezjqKyL7BbLLlldwayTLyMlCBDrVv86vRilkYoDRNU67bnJsYfU2U4EzgpdFKNCWVD2se2pZJGqP3x7OAJObFKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNM7L3kW5clcpVa+zOPJwBMdwCh5cQhVuoQZ1YBDBM7zCm6OcF+fd+Zi35pxs5hD+wPn8AbBgkFk=</latexit>

|+i

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

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

|0i
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

<latexit sha1_base64="OSdcz+UDrVIONFvz0cc4XrEuyRI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eOJdReVAYK9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx28IScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLIheIsvL5PmWdW7qJ7fnVdq13kcRTiCYzgFDy6hBrdQhwYwiOAZXuHNUc6L8+58zFsLTj5zCH/gfP4AEBmQlw==</latexit>

|ii
<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i
<latexit sha1_base64="G0TbfS0+QzLLBI4t00YKLkdmaYc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUG8GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5LDjMw=</latexit>

?

<latexit sha1_base64="qDOKhIaLgxsoeTP45U3J+sBcv8o=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUGwCrsS1DJoYxkhL0hCmJ3MJkNmZ9aZu2pYUtr4KzYWitj6CXb+jZNHoYkHLhzOuZd77wliwQ143reztLyyurae2chubm3v7Lp7+zWjEk1ZlSqhdCMghgkuWRU4CNaINSNRIFg9GFyN/fod04YrWYFhzNoR6UkeckrASh33qAXsAdLKvcK524RISCJMFZc4FDw2uVHHzXsFbwK8SPwZyaMZyh33q9VVNImYBCqIMU3fi6GdEg2cCjbKthLDYkIHpMealkoSMdNOJ4+M8LFVujhU2pYEPFF/T6QkMmYYBbYzItA3895Y/M9rJhBetFMu4wSYpNNFYSIwKDxOBXe5ZhTE0BJCNbe3YtonmlCw2WVtCP78y4ukdlrwzwrFm2K+dDmLI4MOUQ6dIB+doxK6RmVURRQ9omf0it6cJ+fFeXc+pq1LzmzmAP2B8/kDlRKZsw==</latexit>

Two ”quantum coin flips”

<latexit sha1_base64="TD7nBNedPZVN9GeLxEsnX+ipt64="></latexit>

Two ”quantum coin flips” with intermediate measurement



To measure or not to measure….

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

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

|0i
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

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

|0i
<latexit sha1_base64="Te7n+ybT6NPvgpFMBOxhfFfyK2s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6cEv9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhtT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukdVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/sEOM0Q==</latexit>

0

<latexit sha1_base64="ZFUWVsHg1gzVVfpqRC69HvGmHTQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwkWcLspDcZMju7zMwKIeYrvHhQxKuf482/cZLsQRMLGoqqbrq7gkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/+YhK81jem1GCfkT7koecUWOlh6ezjqKyL7BbLLlldwayTLyMlCBDrVv86vRilkYoDRNU67bnJsYfU2U4EzgpdFKNCWVD2se2pZJGqP3x7OAJObFKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNM7L3kW5clcpVa+zOPJwBMdwCh5cQhVuoQZ1YBDBM7zCm6OcF+fd+Zi35pxs5hD+wPn8AbBgkFk=</latexit>

|+i

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

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

|0i
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

<latexit sha1_base64="OSdcz+UDrVIONFvz0cc4XrEuyRI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eOJdReVAYK9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx28IScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLIheIsvL5PmWdW7qJ7fnVdq13kcRTiCYzgFDy6hBrdQhwYwiOAZXuHNUc6L8+58zFsLTj5zCH/gfP4AEBmQlw==</latexit>

|ii
<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

<latexit sha1_base64="qDOKhIaLgxsoeTP45U3J+sBcv8o=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUGwCrsS1DJoYxkhL0hCmJ3MJkNmZ9aZu2pYUtr4KzYWitj6CXb+jZNHoYkHLhzOuZd77wliwQ143reztLyyurae2chubm3v7Lp7+zWjEk1ZlSqhdCMghgkuWRU4CNaINSNRIFg9GFyN/fod04YrWYFhzNoR6UkeckrASh33qAXsAdLKvcK524RISCJMFZc4FDw2uVHHzXsFbwK8SPwZyaMZyh33q9VVNImYBCqIMU3fi6GdEg2cCjbKthLDYkIHpMealkoSMdNOJ4+M8LFVujhU2pYEPFF/T6QkMmYYBbYzItA3895Y/M9rJhBetFMu4wSYpNNFYSIwKDxOBXe5ZhTE0BJCNbe3YtonmlCw2WVtCP78y4ukdlrwzwrFm2K+dDmLI4MOUQ6dIB+doxK6RmVURRQ9omf0it6cJ+fFeXc+pq1LzmzmAP2B8/kDlRKZsw==</latexit>

Two ”quantum coin flips”

<latexit sha1_base64="TD7nBNedPZVN9GeLxEsnX+ipt64="></latexit>

Two ”quantum coin flips” with intermediate measurement



In quantum world observing the system can change its dynamics!!

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

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

|0i
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

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

|0i
<latexit sha1_base64="Te7n+ybT6NPvgpFMBOxhfFfyK2s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6cEv9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhtT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukdVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/sEOM0Q==</latexit>

0

<latexit sha1_base64="ZFUWVsHg1gzVVfpqRC69HvGmHTQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwkWcLspDcZMju7zMwKIeYrvHhQxKuf482/cZLsQRMLGoqqbrq7gkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/+YhK81jem1GCfkT7koecUWOlh6ezjqKyL7BbLLlldwayTLyMlCBDrVv86vRilkYoDRNU67bnJsYfU2U4EzgpdFKNCWVD2se2pZJGqP3x7OAJObFKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNM7L3kW5clcpVa+zOPJwBMdwCh5cQhVuoQZ1YBDBM7zCm6OcF+fd+Zi35pxs5hD+wPn8AbBgkFk=</latexit>

|+i

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

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

|0i
<latexit sha1_base64="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

<latexit sha1_base64="OSdcz+UDrVIONFvz0cc4XrEuyRI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eOJdReVAYK9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx28IScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLIheIsvL5PmWdW7qJ7fnVdq13kcRTiCYzgFDy6hBrdQhwYwiOAZXuHNUc6L8+58zFsLTj5zCH/gfP4AEBmQlw==</latexit>

|ii
<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R
<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R

<latexit sha1_base64="/dDa1G+NLVuE4hmxdIiqR4yTaI8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK+PjN8=</latexit>

R
<latexit sha1_base64="HezXbXMEfKrnRqzGKXkELZoLwNY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ie0S8mm2TY0yS5JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHdzO/NWba8Fg92knCAkkGikecEuukp25IdDae9rxeueJVvTnwKvFzUoEc9V75q9uPaSqZslQQYzq+l9ggI9pyKti01E0NSwgdkQHrOKqIZCbI5gdP8ZlT+jiKtStl8Vz9PZERacxEhq5TEjs0y95M/M/rpDa6CTKuktQyRReLolRgG+PZ97jPNaNWTBwhVHN3K6ZDogm1LqOSC8FffnmVNC+q/lX18uGyUrvN4yjCCZzCOfhwDTW4hzo0gIKEZ3iFN6TRC3pHH4vWAspnjuEP0OcPzOaQaw==</latexit>

v̄0

<latexit sha1_base64="HezXbXMEfKrnRqzGKXkELZoLwNY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ie0S8mm2TY0yS5JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHdzO/NWba8Fg92knCAkkGikecEuukp25IdDae9rxeueJVvTnwKvFzUoEc9V75q9uPaSqZslQQYzq+l9 ggI9pyKti01E0NSwgdkQHrOKqIZCbI5gdP8ZlT+jiKtStl8Vz9PZERacxEhq5TEjs0y95M/M/rpDa6CTKuktQyRReLolRgG+PZ97jPNaNWTBwhVHN3K6ZDogm1LqOSC8FffnmVNC+q/lX18uGyUrvN4yjCCZzCOfhwDTW4hzo0gIKEZ3iFN6TRC3pHH4vWAspnjuEP0OcPzOaQaw==</latexit>

v̄0



Arbitrary basis qubit measurement
Raul Garcia-Patron Sanchez 



Basis: General case
<latexit sha1_base64="u8mw2HOvsMFWl6/WJDnSB1sERMU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaSIuix202UF+4A2lslk0g6dTOLMpFBCVm78FTcuFHHrN7jzb5ykWWjrgQuHc+7l3nvciFGpLOvbWFldW9/YLG2Vt3d29/bNg8OODGOBSRuHLBQ9F0nCKCdtRRUjvUgQFLiMdN1JI/O7UyIkDfmdmkXECdCIU59ipLQ0NE8GAVJjjFjSTAfkIabTXHDdpJHee0OzYlWtHHCZ2AWpgAKtofk18EIcB4QrzJCUfduKlJMgoShmJC0PYkkihCdoRPqachQQ6ST5Gyk804oH/VDo4grm6u+JBAVSzgJXd2Y3ykUvE//z+rHyr52E8ihWhOP5Ij9mUIUwywR6VBCs2EwThAXVt0I8RgJhpZMr6xDsxZeXSadWtS+rtduLSv2miKMEjsEpOAc2uAJ10AQt0AYYPIJn8ArejCfjxXg3PuatK0YxcwT+wPj8ATHNmZc=</latexit>

H ⌘ Cd

<latexit sha1_base64="6nMMjQ2UXS/i7XJklUBmJxUHook="></latexit>

Spanning set of H: set of vectors |v1i, |v2i, ..., |vni
<latexit sha1_base64="aVa2mg9kZKQDS6BY5qGHE5DEqrE="></latexit>

8| i 2 H : | i =
nX

i=1

 vi |vii
<latexit sha1_base64="Du4hQaafZdULP6vt3mk+qCRhF50="></latexit>

where amplitudes are given by:  vi = h |vii

<latexit sha1_base64="xDtB+QzQMDJL8o+2sJjVwWBai/M="></latexit>

Orthonormal: 8i, j 2 {1, ..., d} , hvi|vji = �i,j
<latexit sha1_base64="QO9HQo8jfphCkjwPExtsYtwFu1I=">AAACDXicbVA9SwNBFNzzM8avqKXNYhSswp2IWgZtUioYFZIQ3m1ekiV7e8fuOzEc+QM2/hUbC0Vs7e38N+7FFBodWBhm3uzumzBR0pLvf3ozs3PzC4uFpeLyyuraemlj88rGqRFYF7GKzU0IFpXUWCdJCm8SgxCFCq/DwVnuX9+isTLWlzRMsBVBT8uuFEBOapd2m4R3lNXActAcrI2FBMIOjxBsajBCTaN2qexX/DH4XxJMSJlNcN4ufTQ7sUjzsFDu0kbgJ9TKwJAUCkfFZmoxATGAHjYc1RChbWXjbUZ8zykd3o2NO5r4WP2ZyCCydhiFbjIC6ttpLxf/8xopdU9amdRJSqjF90PdVHGKeV4N70iDgtTQERBGur9y0QcDglyBRVdCML3yX3J1UAmOKgcXh+Xq6aSOAttmO2yfBeyYVVmNnbM6E+yePbJn9uI9eE/eq/f2PTrjTTJb7Be89y8o1pxE</latexit>

Has an associated measurement

<latexit sha1_base64="mc4HmR5GO+R0aimeylTKOiwCBns="></latexit>

Basis: Span{|vii} = H , n = d

<latexit sha1_base64="90/0CFI7RET3s7m4kdFBmr5Bw1c="></latexit>

Linearly independent: @ a1, a2, ..., an 6= 0 complex numbers
<latexit sha1_base64="kJE+XtwQ2CkT43ySgOLN2LhOF20=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIhWGmiLoRim5cVrAPaIfhTpq2oZnMkGQKZewHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniDmTGnH+bZyK6tr6xv5zcLW9s7uXnH/oKGiRBJaJxGPZCsARTkTtK6Z5rQVSwphwGkzGN5M/eaISsUica/HMfVC6AvWYwS0kfxiCXz3YeS7HQmiz2nZtu0y+MJIIpOuHJNybGcGvEzcjJRQhppf/Op0I5KEVGjCQam268TaS0FqRjidFDqJojGQIfRp21ABIVVeOjtmgk+M0sW9SJonNJ6pvydSCJUah4FJhqAHatGbiv957UT3Lr2UiTjRVJD5ol7CsY7wtBncZZISzceGAJHM/BWTAUgg2vRXMCW4iycvk0bFds/tyt1ZqXqd1ZFHR+gYnSIXXaAqukU1VEcEPaJn9IrerCfrxXq3PubRnJXNHKI/sD5/AB3ammc=</latexit>

a1|v1i+ ...+ an|vni = 0

<latexit sha1_base64="mJQnrKvcYLeFNSq8rtYpR5OKSik=">AAACE3icbZDLSsNAFIYnXmu9RV26CRahWihJEXUjFN24rGAv0IQymZ60QyeTMDMRStp3cOOruHGhiFs37nwbp20W2vrDwMd/zuHM+f2YUals+9tYWl5ZXVvPbeQ3t7Z3ds29/YaMEkGgTiIWiZaPJTDKoa6oYtCKBeDQZ9D0BzeTevMBhKQRv1fDGLwQ9zgNKMFKWx3zdFRyBeY9BlduIDBJnXFaGRdHduaWRk5GJx2zYJftqaxFcDIooEy1jvnldiOShMAVYVjKtmPHykuxUJQwGOfdREKMyQD3oK2R4xCkl05vGlvH2ulaQST048qaur8nUhxKOQx93Rli1ZfztYn5X62dqODSSymPEwWczBYFCbNUZE0CsrpUAFFsqAETQfVfLdLHOhqlY8zrEJz5kxehUSk75+XK3Vmhep3FkUOH6AgVkYMuUBXdohqqI4Ie0TN6RW/Gk/FivBsfs9YlI5s5QH9kfP4AYred2Q==</latexit>

|+i = 1

2
(|0i+ |1i)

<latexit sha1_base64="0ztb0guuHffPyKPGAGsO9s3X/AU=">AAACE3icbZDLSsNAFIYnXmu9RV26CRahCi1JEXUjFN24rGAv0IQymZ60QyeTMDMRStp3cOOruHGhiFs37nwbp20W2vrDwMd/zuHM+f2YUals+9tYWl5ZXVvPbeQ3t7Z3ds29/YaMEkGgTiIWiZaPJTDKoa6oYtCKBeDQZ9D0BzeTevMBhKQRv1fDGLwQ9zgNKMFKWx3zdFRyBeY9BlduIDBJnXFaGRdHduaWRk5GJx2zYJftqaxFcDIooEy1jvnldiOShMAVYVjKtmPHykuxUJQwGOfdREKMyQD3oK2R4xCkl05vGlvH2ulaQST048qaur8nUhxKOQx93Rli1ZfztYn5X62dqODSSymPEwWczBYFCbNUZE0CsrpUAFFsqAETQfVfLdLHOhqlY8zrEJz5kxehUSk75+XK3Vmhep3FkUOH6AgVkYMuUBXdohqqI4Ie0TN6RW/Gk/FivBsfs9YlI5s5QH9kfP4AaSud3Q==</latexit>

|�i = 1

2
(|0i � |1i)

<latexit sha1_base64="DQth0C0a3oF25sRsGmTguFS36nk=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNF1GVRBJcV7APasWTSTBuaZIbkjrYM/Q83LhRx67+4829M21lo64ELh3PuTe49QSy4Adf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMr6d+85FpwyN1D+OY+ZL0FQ85JWClhw6wEaQ3IyJjwSbdYsktuzPgZeJlpIQy1LrFr04voolkCqggxrQ9NwY/JRo4te8VOolhMaFD0mdtSxWRzPjpbOsJPrFKD4eRtqUAz9TfEymRxoxlYDslgYFZ9Kbif147gfDST7mKE2CKzj8KE4EhwtMIcI9rRkGMLSFUc7srpgOiCQUbVMGG4C2evEwalbJ3Xq7cnZWqV1kceXSEjtEp8tAFqqJbVEN1RJFGz+gVvTlPzovz7nzMW3NONnOI/sD5/AEodJLy</latexit>

Example

<latexit sha1_base64="GKRmn3n3zf058wUkPjmtxA3izZ0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBCEkRdRj0YsHDxXsB7ShbDbbdulmE3YnYgkF/4oXD4p49Xd489+4bXPQ1gcDj/dmmJkXJIJrcN1vq7C0vLK6VlwvbWxube/Yu3sNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHweuI3H5jSPJb3MEqYH5G+5D1OCRipax90gD1CdopvuXQwl6GDMR537bLruFPgReLlpIxy1Lr2VyeMaRoxCVQQrduem4CfEQWcCjYudVLNEkKHpM/ahkoSMe1n0/PH+NgoIe7FypQEPFV/T2Qk0noUBaYzIjDQ895E/M9rp9C79DMukxSYpLNFvVRgiPEkCxxyxSiIkSGEKm5uxXRAFKFgEiuZELz5lxdJo+J4507l7qxcvcrjKKJDdIROkIcuUBXdoBqqI4oy9Ixe0Zv1ZL1Y79bHrLVg5TP76A+szx/fwpQi</latexit>

+ Lin. ind.



Measurement of orthonormal basis 

<latexit sha1_base64="m+9r2xwnVf549yUiJhfR3ZiPUoU="></latexit>

Any orthonormal basis {|vii} that span H has and associated measurement

<latexit sha1_base64="emjeW2Ba79w9DnEA2HIP2JVm2eI=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfkATymY7aZduNmF3Uyixf8OLB0W8+me8+W/ctDlo64OBx3szzMwLEs6Udpxva219Y3Nru7RT3t3bPzisHB23VZxKii0a81h2A6KQM4EtzTTHbiKRRAHHTjC+y/3OBKVisXjU0wT9iAwFCxkl2kje06TPPEnEkGO5X6k6NWcOe5W4BalCgWa/8uUNYppGKDTlRKme6yTaz4jUjHKclb1UYULomAyxZ6ggESo/m988s8+NMrDDWJoS2p6rvycyEik1jQLTGRE9UsteLv7n9VId3vgZE0mqUdDFojDlto7tPAB7wCRSzaeGECqZudWmIyIJ1SamPAR3+eVV0q7X3Kta/eGy2rgt4ijBKZzBBbhwDQ24hya0gEICz/AKb1ZqvVjv1seidc0qZk7gD6zPH90HkZI=</latexit>

|vii

<latexit sha1_base64="fGFsCbh9NInF8Zu0VH7jBKcqQ74=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GpM1BWx8MPN6bYWaeFwmujW1/W4W19Y3NreJ2aWd3b/+gfHjU0mGsGDZZKELV8ahGwSU2DTcCO5FCGngC2974NvPbE1Sah/LBTCN0AzqU3OeMmlRyn3qR5j1F5VBgqV+u2FV7DrJKnJxUIEejX/7qDUIWBygNE1TrrmNHxk2oMpwJnJV6scaIsjEdYjelkgao3WR+9IycpcqA+KFKSxoyV39PJDTQehp4aWdAzUgve5n4n9eNjX/tJlxGsUHJFov8WBATkiwBMuAKmRHTlFCmeHorYSOqKDNpTlkIzvLLq6RVqzqX1dr9RaV+k8dRhBM4hXNw4ArqcAcNaAKDR3iGV3izJtaL9W59LFoLVj5zDH9gff4Ap6CSBg==</latexit>

| i

<latexit sha1_base64="IuaA0BnlNYmf0ef9YZLPSxSVTvs="></latexit>

Probability of outcome i reads: P (i) = |hvi| i|2

<latexit sha1_base64="4oFP43BUlVuyJHfoaSDq+vL1qls=">AAACHHicbVDBThsxFPQChTS0NKXHXqxGSD1FuxAVjhFcOKYSgUhJFL31viQWXu9iP0dESz6kF36FCwcQ4sKhUv8GJ+RACSNZGs28p+eZOFfSUhj+C1ZW1z6sb5Q+ljc/fd76Uvm6fWozZwS2RKYy047BopIaWyRJYTs3CGms8Cw+P5r5Z2M0Vmb6hCY59lIYajmQAshL/cpel/CSipMR8gsHmlzKLQEhl5a7PPEs4ZTxKb8a92XXgB4q7FeqYS2cgy+TaEGqbIFmv/LUTTLhUtQkFFjbicKcegUYkkLhtNx1FnMQ5zDEjqcaUrS9Yh5uyne8kvBBZvzTxOfq640CUmsnaewnU6CRfevNxPe8jqPBQa+QOneEWrwcGjg1iztriifSoCA18QSEkf6vXIzAgCDfZ9mXEL2NvExOd2vRr1r9d73aOFzUUWLf2Q/2k0VsnzXYMWuyFhPsD7thd+w+uA5ug4fg8WV0JVjsfGP/Ifj7DGGJoi0=</latexit>

The quantum state is updated to |vii

<latexit sha1_base64="tZNgu+QCE+HQKPdbIqWh8SMm55M=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirosunFZwT6gCWEyvWmHTiZhZlIosW78FTcuFHHrX7jzb5w+Ftp64MKZc+5l7j1hypnSjvNtFVZW19Y3ipulre2d3T17/6CpkkxSaNCEJ7IdEgWcCWhopjm0UwkkDjm0wsHNxG8NQSqWiHs9SsGPSU+wiFGijRTYRx4noscBDwP24KWKeXL2DuyyU3GmwMvEnZMymqMe2F9eN6FZDEJTTpTquE6q/ZxIzSiHccnLFKSEDkgPOoYKEoPy8+kFY3xqlC6OEmlKaDxVf0/kJFZqFIemMya6rxa9ifif18l0dOXnTKSZBkFnH0UZxzrBkzhwl0mgmo8MIVQysyumfSIJ1Sa0kgnBXTx5mTTPK+5FpXpXLdeu53EU0TE6QWfIRZeohm5RHTUQRY/oGb2iN+vJerHerY9Za8GazxyiP7A+fwB54Zbq</latexit>

hvi| i



Example:+/- basis

<latexit sha1_base64="yPC4D3HOellm2cVdIUKkuaEWw1s=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0UQxJIUUTdC0Y3LCvYBTQiT6aQdOpmEmYlQ0n6FG3/FjQtF3Io7/8ZJmoW2Xhg4j3u5c48fMyqVZX0bpaXlldW18nplY3Nre8fc3WvLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx/dZH7ngQhJI36vxjFxQzTgNKAYKS155unEiSV1BOIDRq4y7FkTq+AnObcndsGhZ1atmpUXXAR2AaqgqKZnfjn9CCch4QozJGXPtmLlpkgoihmZVpxEkhjhERqQnoYchUS6aX7WFB5ppQ+DSOjHFczV3xMpCqUch77uDJEaynkvE//zeokKLt2U8jhRhOPZoiBhUEUwywj2qSBYsbEGCAuq/wrxEAmElU6yokOw509eBO16zT6v1e/Oqo3rIo4yOACH4BjY4AI0wC1oghbA4BE8g1fwZjwZL8a78TFrLRnFzD74U8bnDz8+n2c=</latexit>

| i =  0|0i+  1|1i

<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="03fp75gaKKuurf62J5d5iZRzkno=">AAACG3icbVC7TsMwFHXKq5RXgZHFokIqQ0sSIWCpVMHCWCT6kJoQOa5TrDpOZDtIVdv/YOFXWBhAiAmJgb/BTTNAy5Esn3vOvbLv8WNGpTLNbyO3tLyyupZfL2xsbm3vFHf3WjJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2B1dTv/1AhKQRv1XDmLgh6nMaUIyUlryi3ShXjmtjhyHeZwRWxk4sqSPSanxn19LaMyvpZWnlxPaKJbNqpoCLxMpICWRoeMVPpxfhJCRcYYak7FpmrNwREopiRiYFJ5EkRniA+qSrKUchke4o3W0Cj7TSg0Ek9OEKpurviREKpRyGvu4MkbqX895U/M/rJiq4cEeUx4kiHM8eChIGVQSnQcEeFQQrNtQEYUH1XyG+RwJhpeMs6BCs+ZUXScuuWmdV++a0VL/M4siDA3AIysAC56AOrkEDNAEGj+AZvII348l4Md6Nj1lrzshm9sEfGF8/2HugEA==</latexit>

P (�) = |h�| i|2 = | 0 �  1|2/2

<latexit sha1_base64="6E39ISzyDT1h3YD7Z9X/XOCOJGo=">AAACGXicbVDLSsNAFJ34tr6qLt0EiyCoJRFRN4LoxqWiVaEp5WZ6W4dOJmHmRiwxv+HGX3HjQhGXuvJvnNYsfB0YOJxzL3fOCRMpDHnehzM0PDI6Nj4xWZqanpmdK88vnJs41RxrPJaxvgzBoBQKayRI4mWiEaJQ4kXYPez7F9eojYjVGfUSbETQUaItOJCVmmUviICuOMjsqHmS7wWEN5SdJqDyILtdCzSojsT1242CBXmzXPGq3gDuX+IXpMIKHDfLb0Er5mmEirgEY+q+l1AjA02CS8xLQWowAd6FDtYtVRChaWSDZLm7YpWW2461fYrcgfp9I4PImF4U2sl+DvPb64v/efWU2ruNTKgkJVT861A7lS7Fbr8mtyU0cpI9S4BrYf/q8ivQwMmWWbIl+L8j/yXnm1V/u7p1slXZPyjqmGBLbJmtMp/tsH12xI5ZjXF2xx7YE3t27p1H58V5/RodcoqdRfYDzvsn3sKheA==</latexit>

HQ = Span{|+i, |�i}

<latexit sha1_base64="wWdD+f4ZTFLx1ll9gZHOEnGCwp0=">AAACGnicbZDLSsNAFIYn9VbrLerSTbAIlULJlKJuhKIblxXsBZpQJtNJO3QyiTMToaR5Dje+ihsXirgTN76N0zYLbT0w8PH/53Dm/F7EqFS2/W3kVlbX1jfym4Wt7Z3dPXP/oCXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb3Q99dsPREga8js1jogboAGnPsVIaalnwknZEYgPGLl0fIFwAtPEkfdCJdU0LU3szCxPYEanPbNoV+xZWcsAMyiCrBo989PphzgOCFeYISm70I6UmyChKGYkLTixJBHCIzQgXY0cBUS6yey01DrRSt/yQ6EfV9ZM/T2RoEDKceDpzgCpoVz0puJ/XjdW/oWbUB7FinA8X+THzFKhNc3J6lNBsGJjDQgLqv9q4SHSCSmdZkGHABdPXoZWtQLPKrXbWrF+lcWRB0fgGJQABOegDm5AAzQBBo/gGbyCN+PJeDHejY95a87IZg7BnzK+fgCmSKE/</latexit>

|+i = 1p
2
(|0i+ |1i)

<latexit sha1_base64="liDxkZN7ochGvhlqnw2NWBE1748=">AAACGnicbZDLSsNAFIYn9VbrLerSTbAIddGSKUXdCEU3LivYCzShTKaTduhkEmcmQknzHG58FTcuFHEnbnwbp20W2npg4OP/z+HM+b2IUals+9vIrayurW/kNwtb2zu7e+b+QUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3uh66rcfiJA05HdqHBE3QANOfYqR0lLPhJOyIxAfMHLp+ALhBKaJI++FSqppWprYmVmewIxOe2bRrtizspYBZlAEWTV65qfTD3EcEK4wQ1J2oR0pN0FCUcxIWnBiSSKER2hAuho5Coh0k9lpqXWilb7lh0I/rqyZ+nsiQYGU48DTnQFSQ7noTcX/vG6s/As3oTyKFeF4vsiPmaVCa5qT1aeCYMXGGhAWVP/VwkOkE1I6zYIOAS6evAytagWeVWq3tWL9KosjD47AMSgBCM5BHdyABmgCDB7BM3gFb8aT8WK8Gx/z1pyRzRyCP2V8/QCsyqFD</latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="bGIuct6FPFQ8kUk2/X4GiARGDgg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahIpRdKeqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek7vM7zxRpVkkH800pr7AI8lCRrDJpGb14nxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xIQ3fspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+7LmXdXqD/VK4zaPowgncApV8OAaGnAPTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f2KONdw==</latexit>

P (+)

<latexit sha1_base64="wAmsR2MrdTYnqL5/xcEy9DWEnBk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahHiy7UtRj0YvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSc3qxfmgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQlv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9mXNu6rVH+qVxm0eRxFO4BSq4ME1NOAemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/262NeQ==</latexit>

P (�)

<latexit sha1_base64="stBr0oNoo+r9MUR8iqqC50n9hL0="></latexit>

P (+) = |h+| i|2 = | 1p
2
(h1|+ h0|)( 0|0i+  1|1i)|2 = | 0 +  1|2/2



Arbitrary basis measurement

<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="enS1J8dvn4V7Ri8r2AJAh5xalZ0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD71E9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/qX1dr9RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYF43Y</latexit>± <latexit sha1_base64="3AC2ubG45wFMerD/B1ObjuALD1o=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4xkUcCGzI79MLI7M46M0tCCP/gxYPGePV/vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O/ObI1Say/jBjBP0I9qPecgZNVZqdPAp5aNuseSW3TnIKvEyUoIMtW7xq9OTLI0wNkxQrduemxh/QpXhTOC00Ek1JpQNaR/blsY0Qu1P5tdOyZlVeiSUylZsyFz9PTGhkdbjKLCdETUDvezNxP+8dmrCa3/C4yQ1GLPFojAVxEgye530uEJmxNgSyhS3txI2oIoyYwMq2BC85ZdXSaNS9i7LlfuLUvUmiyMPJ3AK5+DBFVThDmpQBwaP8Ayv8OZI58V5dz4WrTknmzmGP3A+fwDEhY9D</latexit>⌘
<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="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

<latexit sha1_base64="QgspaOZ+V2c+Um/5SbY8eMhh+2k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRF1GXRjRuhgn1AE8pketMOnTyYmYgl5Bfc+CtuXCji1p07/8ZJm4W2Hhg4nHPvnXuPF3MmlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyCgRFNo04pHoeUQCZyG0FVMcerEAEngcut7kKve79yAki8I7NY3BDcgoZD6jRGlpYNYcBQ8qvQEiEwEBhArjDDtxgPHcwViPZzIbmFWrbs2Al4ldkCoq0BqYX84wokk+knIiZd+2YuWmRChGOWQVJ5EQEzohI+hrGpIApJvOLsrwiVaG2I+Efnqlmfq7IyWBlNPA05UBUWO56OXif14/Uf6Fm7IwThSEdP6Rn3CsIpzHg4dMAFV8qgmhguldMR0TQajSIVZ0CPbiycuk06jbZ/XG7Wm1eVnEUUZH6BjVkI3OURNdoxZqI4oe0TN6RW/Gk/FivBsf89KSUfQcoj8wPn8ADQKdJQ==</latexit>

Measurement ± basis

<latexit sha1_base64="OOO9fjUxGe4iDchmbdC2dk/+gI4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpwT33eqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14l1WqvcX5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBXS40v</latexit>

0/1
<latexit sha1_base64="enS1J8dvn4V7Ri8r2AJAh5xalZ0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD71E9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/qX1dr9RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYF43Y</latexit>±<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="xjFw3ctf0IktHwycwQAfYCfMtHk=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISUpouKq6MaNUME+oAllMr1th04ezEzEEvMTbvwVNy4UcSu482+ctFlo64GBwzn33rn3eBFnUlnWt1FYWFxaXimultbWNza3zO2dpgxjQaFBQx6KtkckcBZAQzHFoR0JIL7HoeWNLjO/dQdCsjC4VeMIXJ8MAtZnlCgtdc0jR8G9Sq6ByFiAD4HCehyTGKcYO8mDE/mOIMGAg5Oed82yVbEmwPPEzkkZ5ah3zS+nF9I4G0s5kbJjW5FyEyIUoxzSkhNLiAgdkQF0NA2ID9JNJlel+EArPdwPhX56rYn6uyMhvpRj39OVPlFDOetl4n9eJ1b9MzdhQRQrCOj0o37MsQpxFhHuMQFU8bEmhAqmd8V0SAShSgdZ0iHYsyfPk2a1Yp9UqjfH5dpFHkcR7aF9dIhsdIpq6ArVUQNR9Iie0St6M56MF+Pd+JiWFoy8Zxf9gfH5A8Ngny8=</latexit>

Measurement basis {|±i} :

<latexit sha1_base64="HlAA/ev6z6alfgyGyw/iyfi1uos=">AAACFnicbZDLSgMxFIbPeK31NurSTbAIglhmRKoboeimywr2Ap1SMmmmDc1khiQjlLZP4cZXceNCEbfizrcxnVaorT8E/nznHJLz+zFnSjvOt7W0vLK6tp7ZyG5ube/s2nv7VRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa35vdtxvfZApWKRuNf9mDZD3BEsYARrg1r2mcex6HCKToderJgn09v1L3WGpVnesnNO3kmFFo07NTmYqtyyv7x2RJKQCk04VqrhOrFuDrDUjHA6ynqJojEmPdyhDWMFDqlqDtK1RujYkDYKImmO0CilsxMDHCrVD33TGWLdVfO1Mfyv1kh0cNUcMBEnmgoyeShIONIRGmeE2kxSonnfGEwkM39FpIslJtokmTUhuPMrL5rqed4t5At3F7nizTSODBzCEZyAC5dQhBKUoQIEHuEZXuHNerJerHfrY9K6ZE1nDuCPrM8fi+ufpA==</latexit>

h+| i = h0|H| i
<latexit sha1_base64="3P6RfaT8DIYrm4UZXYsaJsU9Fds=">AAACFnicbZDLSgMxFIbP1Futt1GXboJFcNMyI1LdCEU3XVawF+iUkknTNjSTGZKMUKZ9Cje+ihsXirgVd76NaTuCtv4Q+POdc0jO70ecKe04X1ZmZXVtfSO7mdva3tnds/cP6iqMJaE1EvJQNn2sKGeC1jTTnDYjSXHgc9rwhzfTeuOeSsVCcadHEW0HuC9YjxGsDerYBY9j0ecUFcZepJgnZ7erH+qOK795x847RWcmtGzc1OQhVbVjf3rdkMQBFZpwrFTLdSLdTrDUjHA6yXmxohEmQ9ynLWMFDqhqJ7O1JujEkC7qhdIcodGM/p5IcKDUKPBNZ4D1QC3WpvC/WivWvct2wkQUayrI/KFezJEO0TQj1GWSEs1HxmAimfkrIgMsMdEmyZwJwV1cednUz4puqVi6Pc+Xr9M4snAEx3AKLlxAGSpQhRoQeIAneIFX69F6tt6s93lrxkpnDuGPrI9vkM2fpw==</latexit>

h�| i = h1|H| i

<latexit sha1_base64="SAFqYcHY7Cbsut92kX5gGcgVyYY=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWQRBKIlLdCEU3XVawF2hDmUxP2qGTSZiZCCUt+CpuXCji1udw59s4bbPQ1h8GPv5zDufM78ecKe0431ZuZXVtfSO/Wdja3tnds/cPGipKJIU6jXgkWz5RwJmAumaaQyuWQEKfQ9Mf3k3rzUeQikXiQY9i8ELSFyxglGhjde2j8XlHEtHncIOrYyfjrl10Ss5MeBncDIooU61rf3V6EU1CEJpyolTbdWLtpURqRjlMCp1EQUzokPShbVCQEJSXzs6f4FPj9HAQSfOExjP390RKQqVGoW86Q6IHarE2Nf+rtRMdXHspE3GiQdD5oiDhWEd4mgXuMQlU85EBQiUzt2I6IJJQbRIrmBDcxS8vQ+Oi5JZL5fvLYuU2iyOPjtEJOkMuukIVVEU1VEcUpegZvaI368l6sd6tj3lrzspmDtEfWZ8/bVeVKg==</latexit>

|+i = H|0i
<latexit sha1_base64="7jNFCLNpo/IwpCI/DAcxt6xV8x0=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWwY0lEaluhKKbLivYC7ShTKYn7dDJJMxMhJIWfBU3LhRx63O4822ctllo6w8DH/85h3Pm92POlHacbyu3srq2vpHfLGxt7+zu2fsHDRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekP76b15iNIxSLxoEcxeCHpCxYwSrSxuvbR+LwjiehzuMHVsZtx1y46JWcmvAxuBkWUqda1vzq9iCYhCE05UartOrH2UiI1oxwmhU6iICZ0SPrQNihICMpLZ+dP8KlxejiIpHlC45n7eyIloVKj0DedIdEDtVibmv/V2okOrr2UiTjRIOh8UZBwrCM8zQL3mASq+cgAoZKZWzEdEEmoNokVTAju4peXoXFRcsul8v1lsXKbxZFHx+gEnSEXXaEKqqIaqiOKUvSMXtGb9WS9WO/Wx7w1Z2Uzh+iPrM8fchCVLQ==</latexit>

|�i = H|1i

<latexit sha1_base64="oZqfXN2sbCvOY2NfxxEQzVnyQqI=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpswUqW6EohuXFewDOmPJpGkbmmSGJCOUafdu/BU3LhRx6w+4829Mp7PQ1gOBc8+5l5t7gohRpR3n21pZXVvf2Mxt5bd3dvf27YPDpgpjiUkDhyyU7QApwqggDU01I+1IEsQDRlrB6Hrmtx6IVDQUd3ocEZ+jgaB9ipE2Utcu1EtexE8vJx5DYsAINNXEixT1ZFpP7itdu+iUnRRwmbgZKYIM9a795fVCHHMiNGZIqY7rRNpPkNQUMzLNe7EiEcIjNCAdQwXiRPlJessUnhilB/uhNE9omKq/JxLElRrzwHRypIdq0ZuJ/3mdWPcv/ISKKNZE4PmifsygDuEsGNijkmDNxoYgLKn5K8RDJBHWJr68CcFdPHmZNCtlt1qu3p4Va1dZHDlwDAqgBFxwDmrgBtRBA2DwCJ7BK3iznqwX6936mLeuWNnMEfgD6/MHkr6ayg==</latexit>

P (±) = |h±| i|2

<latexit sha1_base64="EdzUbGmUse2Mbut6yvXwXFxM3lQ=">AAACFnicbZDLSsNAFIYnXmu9RV26CRahLiyJSHUjtLpxWcFeoKllMj1Jh04mYWYilLZP4cZXceNCEbfizrdx2kbQ1gMDP99/DmfO78WMSmXbX8bC4tLyympmLbu+sbm1be7s1mSUCAJVErFINDwsgVEOVUUVg0YsAIceg7rXuxr79XsQkkb8VvVjaIU44NSnBCuN2uZxvjx0Y0ldgXnA4OjO7eAgAHHhsgkYe8PyD22bObtgT8qaF04qciitStv8dDsRSULgijAsZdOxY9UaYKEoYTDKuomEGJMeDqCpJcchyNZgctbIOtSkY/mR0I8ra0J/TwxwKGU/9HRniFVXznpj+J/XTJR/3hpQHicKOJku8hNmqcgaZ2R1qACiWF8LTATVf7VIFwtMlE4yq0NwZk+eF7WTglMsFG9Oc6XLNI4M2kcHKI8cdIZK6BpVUBUR9ICe0At6NR6NZ+PNeJ+2LhjpzB76U8bHN6+nn7w=</latexit>

(A| i)† = h |A†
<latexit sha1_base64="UmDwIYlHvRr1DSJxcrDJ/MQ81lA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqheh6KXHCvYD0lg2m026dLMJuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzz08F12Db31ZpbX1jc6u8XdnZ3ds/qB4edXWSKco6NBGJ6vtEM8El6wAHwfqpYiT2Bev547uZ33tiSvNEPsAkZV5MIslDTgkYyW09DgISRUzdtIbVml2358CrxClIDRVoD6tfgyChWcwkUEG0dh07BS8nCjgVbFoZZJqlhI5JxFxDJYmZ9vL5yVN8ZpQAh4kyJQHP1d8TOYm1nsS+6YwJjPSyNxP/89wMwmsv5zLNgEm6WBRmAkOCZ//jgCtGQUwMIVRxcyumI6IIBZNSxYTgLL+8SroXdadRb9xf1pq3RRxldIJO0Tly0BVqohZqow6iKEHP6BW9WWC9WO/Wx6K1ZBUzx+gPrM8fssmQ5A==</latexit>

H
† = H



Arbitrary basis measurement

<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="enS1J8dvn4V7Ri8r2AJAh5xalZ0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD71E9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/qX1dr9RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYF43Y</latexit>± <latexit sha1_base64="3AC2ubG45wFMerD/B1ObjuALD1o=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4xkUcCGzI79MLI7M46M0tCCP/gxYPGePV/vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O/ObI1Say/jBjBP0I9qPecgZNVZqdPAp5aNuseSW3TnIKvEyUoIMtW7xq9OTLI0wNkxQrduemxh/QpXhTOC00Ek1JpQNaR/blsY0Qu1P5tdOyZlVeiSUylZsyFz9PTGhkdbjKLCdETUDvezNxP+8dmrCa3/C4yQ1GLPFojAVxEgye530uEJmxNgSyhS3txI2oIoyYwMq2BC85ZdXSaNS9i7LlfuLUvUmiyMPJ3AK5+DBFVThDmpQBwaP8Ayv8OZI58V5dz4WrTknmzmGP3A+fwDEhY9D</latexit>⌘
<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="1e2YKhEQ2T8xnhjGHaGpDF8SQ84=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ/DjNM=</latexit>

H

<latexit sha1_base64="QgspaOZ+V2c+Um/5SbY8eMhh+2k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRF1GXRjRuhgn1AE8pketMOnTyYmYgl5Bfc+CtuXCji1p07/8ZJm4W2Hhg4nHPvnXuPF3MmlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyCgRFNo04pHoeUQCZyG0FVMcerEAEngcut7kKve79yAki8I7NY3BDcgoZD6jRGlpYNYcBQ8qvQEiEwEBhArjDDtxgPHcwViPZzIbmFWrbs2Al4ldkCoq0BqYX84wokk+knIiZd+2YuWmRChGOWQVJ5EQEzohI+hrGpIApJvOLsrwiVaG2I+Efnqlmfq7IyWBlNPA05UBUWO56OXif14/Uf6Fm7IwThSEdP6Rn3CsIpzHg4dMAFV8qgmhguldMR0TQajSIVZ0CPbiycuk06jbZ/XG7Wm1eVnEUUZH6BjVkI3OURNdoxZqI4oe0TN6RW/Gk/FivBsf89KSUfQcoj8wPn8ADQKdJQ==</latexit>

Measurement ± basis

<latexit sha1_base64="OOO9fjUxGe4iDchmbdC2dk/+gI4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpwT33eqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14l1WqvcX5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBXS40v</latexit>

0/1
<latexit sha1_base64="enS1J8dvn4V7Ri8r2AJAh5xalZ0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD71E9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/qX1dr9RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYF43Y</latexit>±<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="e7i9+tZmnQTONrwjyfzYZ/mFH10=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gOaUDbbabt0s1l2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqREQjZwKbhhmOHamQxBHHdjS+nfntR1SaJeLBTCSGMRkKNmCUGCsFT4HULFBEDDn2yhWv6s3hrhI/JxXI0eiVv4J+QtMYhaGcaN31PWnCjCjDKMdpKUg1SkLHZIhdSwWJUYfZ/Oape2aVvjtIlC1h3Ln6eyIjsdaTOLKdMTEjvezNxP+8bmoG12HGhEwNCrpYNEi5axJ3FoDbZwqp4RNLCFXM3urSEVGEGhtTyYbgL7+8Slq1qn9Zrd1fVOo3eRxFOIFTOAcfrqAOd9CAJlCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBuhZHy</latexit>

| i <latexit sha1_base64="3AC2ubG45wFMerD/B1ObjuALD1o=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4xkUcCGzI79MLI7M46M0tCCP/gxYPGePV/vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O/ObI1Say/jBjBP0I9qPecgZNVZqdPAp5aNuseSW3TnIKvEyUoIMtW7xq9OTLI0wNkxQrduemxh/QpXhTOC00Ek1JpQNaR/blsY0Qu1P5tdOyZlVeiSUylZsyFz9PTGhkdbjKLCdETUDvezNxP+8dmrCa3/C4yQ1GLPFojAVxEgye530uEJmxNgSyhS3txI2oIoyYwMq2BC85ZdXSaNS9i7LlfuLUvUmiyMPJ3AK5+DBFVThDmpQBwaP8Ayv8OZI58V5dz4WrTknmzmGP3A+fwDEhY9D</latexit>⌘<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="e7i9+tZmnQTONrwjyfzYZ/mFH10=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gOaUDbbabt0s1l2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqREQjZwKbhhmOHamQxBHHdjS+nfntR1SaJeLBTCSGMRkKNmCUGCsFT4HULFBEDDn2yhWv6s3hrhI/JxXI0eiVv4J+QtMYhaGcaN31PWnCjCjDKMdpKUg1SkLHZIhdSwWJUYfZ/Oape2aVvjtIlC1h3Ln6eyIjsdaTOLKdMTEjvezNxP+8bmoG12HGhEwNCrpYNEi5axJ3FoDbZwqp4RNLCFXM3urSEVGEGhtTyYbgL7+8Slq1qn9Zrd1fVOo3eRxFOIFTOAcfrqAOd9CAJlCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBuhZHy</latexit>

| i <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="bn4HY1yJThBkqElXJGQugf8wzr8=">AAACSXicbVBNTxsxEPWGQiEUCHDsZdQIqYdqtYsQ9IKEyoUjSM2HlI22XmcSLLzelT0bES35e71w48Z/4MIBhDjhfLSi0CdZen7zxp55Sa6kpSC49SoLHxaXPi6vVFc/ra1v1Da3mjYrjMCGyFRm2gm3qKTGBklS2M4N8jRR2Eoujif11hCNlZn+SaMcuykfaNmXgpOT4tqvqJ8ZrhREhJdUArjHpAUYA0Tl1TCWkeF6oDAaf4 MIL91AFhrxEP76rU/+xP7Ke+gMV38uca0e+MEU8J6Ec1Jnc5zGtZuol4kiRU1CcWs7YZBTt+SGpFA4rkaFxZyLCz7AjqOap2i75TSJMew4pQduJXc0wVR93VHy1NpRmjhnyuncvq1NxP/VOgX1v3dLqfOCUIvZR/1CAWUwiRV60qAgNXKECyPdrCDOueGCXPhVF0L4duX3pLnrh/v+7tle/ejHPI5l9pl9YV9ZyA7YETthp6zBBPvN7tgDe/SuvXvvyXueWSvevGeb/YPKwgttbrIX</latexit>

8 basis {|vii}, 9Uv s.t. |vii = Uv|ii

<latexit sha1_base64="UYhgZTu16xk8Wl6Nq603YFgfnZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMwUUXFVdONGqGAf0Cklk95pQzOZIckUy9ifcOOvuHGhiFvBnX9j2s5CWw8EDufce3Pv8WPOlHacb2thcWl5ZTW3ll/f2Nzatnd2aypKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vX439+gCkYpG408MYWiHpChYwSrSR2vaxp+FepzdAVCIhBKGxGccUxiOMvfRh0GaeJKLLwRtdtO2CU3QmwPPEzUgBZai07S+vE9FkPJZyolTTdWLdSonUjHIY5b1EQUxon3ShaaggIahWOrlqhA+N0sFBJM0za03U3x0pCZUahr6pDInuqVlvLP7nNRMdnLdSJuJEg6DTj4KEYx3hcUS4wyRQzYeGECqZ2RXTHpGEahNk3oTgzp48T2qlontaLN2eFMqXWRw5tI8O0BFy0Rkqo2tUQVVE0SN6Rq/ozXqyXqx362NaumBlPXvoD6zPH8tJnzQ=</latexit>

Measurement basis {|vii} :

<latexit sha1_base64="xjFw3ctf0IktHwycwQAfYCfMtHk=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISUpouKq6MaNUME+oAllMr1th04ezEzEEvMTbvwVNy4UcSu482+ctFlo64GBwzn33rn3eBFnUlnWt1FYWFxaXimultbWNza3zO2dpgxjQaFBQx6KtkckcBZAQzHFoR0JIL7HoeWNLjO/dQdCsjC4VeMIXJ8MAtZnlCgtdc0jR8G9Sq6ByFiAD4HCehyTGKcYO8mDE/mOIMGAg5Oed82yVbEmwPPEzkkZ5ah3zS+nF9I4G0s5kbJjW5FyEyIUoxzSkhNLiAgdkQF0NA2ID9JNJlel+EArPdwPhX56rYn6uyMhvpRj39OVPlFDOetl4n9eJ1b9MzdhQRQrCOj0o37MsQpxFhHuMQFU8bEmhAqmd8V0SAShSgdZ0iHYsyfPk2a1Yp9UqjfH5dpFHkcR7aF9dIhsdIpq6ArVUQNR9Iie0St6M56MF+Pd+JiWFoy8Zxf9gfH5A8Ngny8=</latexit>

Measurement basis {|±i} :

<latexit sha1_base64="nImgZuAoEu2PTwdt4HaA3byUuCc=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWZEfCyEohuXFewDOnXIpLfT0ExmSDKF0vZb3Pgrblwo6krwY0wfQm09EDg551ySe4KEM6Ud58vKLC2vrK5l13Mbm1vbO/buXkXFqaRQpjGPZS0gCjgTUNZMc6glEkgUcKgGnZuRX+2CVCwW97qXQCMioWAtRok2km9fepyIkAPu+mzgJYp5cny/+tXZoPzgNUkYgvS7swnfzjsFZwy8SNwpyaMpSr794TVjmkYgNOVEqbrrJLrRJ1IzymGY81IFCaEdEkLdUEEiUI3+eMUhPjJKE7diaY7QeKzOTvRJpFQvCkwyIrqt5r2R+J9XT3XrotFnIkk1CDp5qJVyrGM86gs3mQSqec8QQiUzf8W0TSSh2rSaMyW48ysvkspJwT0rnN6d5ovX0zqy6AAdomPkonNURLeohMqIokf0jF7Rm/VkvVjv1uckmrGmM/voD6zvH1bwpWw=</latexit>

hvi| i = hi|U†
v | i



References

Reading references
1. NC 2.2.3 and 2.2.5

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

There is even a more general concept of measurement in N&C called POVM (2.2.6) that we will not 
cover in this course.

Even more general is the concept of quantum instrument.

https://en.wikipedia.org/wiki/Quantum_instrument


News

Job search industry

Job search Academia

https://thequantumdaily.com/

Social media: follow companies, academics

https://quantumcomputingreport.com/

https://quantumcomputingreport.com/

https://www.jobs.ac.uk/

Companies websites

https://qt.eu/https://quantumcomputingreport.com/

600 job announcements today!

News and Jobs



Publications

follow academics
on social media

https://scirate.com/

https://qipconference.org/Conferences QIP, TQC

Workshops/schools/semesters Simon’s Institute for the Theory of Computation 
https://simons.berkeley.edu/

Follow the Science



References

• Additional references

• Quantum compute architectures
• Quantum computers, T. D. Ladd, F. Jelezko, R. Laflamme, Y. 

Nakamura, C. Monroe & J. L. O’Brien, Nature 464, 45 
(2010).

• Popular Science books
• Logicomix: An Epic Search for Truth, by Apostolos Doxiadis 

and Christos H. Papadimitriou, Bloomsbury Publishing 
(2009).

• The Golden Ticket, P, NP, and the search for the impossible, 
Lance Fortnow, Princeton University Press (2013).

• Godel, Escher, Bach: An Eternal Golden Braid, Douglas 
Hofstadter, Basic Books (1999).

• Quantum Computing for Babies, Chris Ferrie, Sourcebooks 
Explore (2018).


