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Quantum 
States



A discrete probability space
<latexit sha1_base64="zYWQ0hHUlcPL9OxcIIQgpxntCUY="></latexit>

Sample space ⌦ : the set of all possible outcomes.
<latexit sha1_base64="XzCys/bJ7bkkm0zFTft9fbMwMhA=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBRQ1JEXUjFN24s4J9QBPKZDJph85MwsxEKKFu/BU3LhRx61+482+ctFlo64ELh3Pu5d57goQSqRzn21hYXFpeWS2tldc3Nre2zZ3dloxTgXATxTQWnQBKTAnHTUUUxZ1EYMgCitvB8Dr32w9YSBLzezVKsM9gn5OIIKi01DP3vVuG+/DSy5yqW7U1quGJ643LPbPi2M4E1jxxC1IBBRo988sLY5QyzBWiUMqu6yTKz6BQBFE8LnupxAlEQ9jHXU05ZFj62eSDsXWkldCKYqGLK2ui/p7IIJNyxALdyaAayFkvF//zuqmKLvyM8CRVmKPpoiilloqtPA4rJAIjRUeaQCSIvtVCAyggUjq0PAR39uV50qrZ7plduzut1K+KOErgAByCY+CCc1AHN6ABmgCBR/AMXsGb8WS8GO/Gx7R1wShm9sAfGJ8/VZ+UPQ==</latexit>

⌦ = {0, 1, ...., d� 1}
<latexit sha1_base64="5vSD44pefaLq0CmZi6dpSsA32WY=">AAACDXicbVA9SwNBEN3zM8avqKXNYhS0CXdB1DJqYxnBfEASwt5mzizu3h67c5Jw5A/Y+FdsLBSxtbfz33iXpNDog4HHezPMzPMjKSy67pczN7+wuLScW8mvrq1vbBa2tutWx4ZDjWupTdNnFqQIoYYCJTQjA0z5Ehr+3WXmN+7BWKHDGxxG0FHsNhSB4AxTqVvYbyMMMDkfCK0sPbTIEKgOKPaB2qFFUEejfLdQdEvuGPQv8aakSKaodguf7Z7msYIQuWTWtjw3wk7CDAouYZRvxxYixu/YLbRSGjIFtpOMvxnRg1Tp0UCbtEKkY/XnRMKUtUPlp52KYd/Oepn4n9eKMTjrJCKMYoSQTxYFsaSoaRYN7QkDHOUwJYwbkd5KeZ8ZxjENMAvBm335L6mXS95JqXx9XKxcTOPIkV2yRw6JR05JhVyRKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AbGjptb</latexit>

Axioms (state of the system)
<latexit sha1_base64="QvGZ3MDZxHx6agEgBPKlr8fnGEc="></latexit>
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<latexit sha1_base64="M7n862r+AKVWHFvPwCRN+t/zAs4="></latexit>

P (⌦) =
d�1X

i=0

pi = 1 (Normalization)

<latexit sha1_base64="XF9DS59knPETOD7BPbR8fCj+U0s=">AAACDXicbZA7SwNBFIVnfcb4ilraDEYhNmE3iFoGbSwjmAckyzI7uUmGzM6uM3eDYckfsPGv2FgoYmtv579x8yg08cDAxzn3MtzjR1IYtO1va2l5ZXVtPbOR3dza3tnN7e3XTBhrDlUeylA3fGZACgVVFCihEWlggS+h7vevx3l9ANqIUN3hMAI3YF0lOoIzTC0vdxx5otWFe2rTFsIDJpTSQiU0AsUAFBhzOqJZL5e3i/ZEdBGcGeTJTBUv99VqhzwOQCGXzJimY0foJkyj4BJG2VZsIGK8z7rQTFGxAIybTK4Z0ZPUadNOqNOnkE7c3xsJC4wZBn46GTDsmflsbP6XNWPsXLqJUFGMoPj0o04sKYZ0XA1tCw0c5TAFxnXaAKe8xzTjmBY4LsGZP3kRaqWic14s3Z7ly1ezOjLkkByRAnHIBSmTG1IhVcLJI3kmr+TNerJerHfrYzq6ZM12DsgfWZ8/KxuaWw==</latexit>

pi � 0 (Positiveness)

<latexit sha1_base64="T0loLnvs6lytYY5R0s/+rPSs30U=">AAACAHicbVBNS8NAEN34WetX1YMHL4tF8FSSIiqCUPTisYL9gDaWzWbTLt1swu5ELCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJnnxYJrsO1va2FxaXlltbBWXN/Y3Nou7ew2dZQoyho0EpFqe0QzwSVrAAfB2rFiJPQEa3nD67HfemBK80jewShmbkj6kgecEjBSr7QvcRfYI6QYexw0zi6wf1m9N07ZrtgT4Hni5KSMctR7pa+uH9EkZBKoIFp3HDsGNyUKOBUsK3YTzWJCh6TPOoZKEjLtppMHMnxkFB8HkTIlAU/U3xMpCbUehZ7pDAkM9Kw3Fv/zOgkE527KZZwAk3S6KEgEhgiP08A+V4yCGBlCqOLmVkwHRBEKJrOiCcGZfXmeNKsV57RSvT0p167yOAroAB2iY+SgM1RDN6iOGoiiDD2jV/RmPVkv1rv1MW1dsPKZPfQH1ucP20SVSg==</latexit>

n bits : d = 2n

<latexit sha1_base64="wG3Zt3lw0JN/z5v/1xRfuWS4PO0="></latexit>
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<latexit sha1_base64="Wt7s6WhBOwnx6ZlBNMY1M2RszS4="></latexit>
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�
<latexit sha1_base64="Q7rn2eFP22haIryXIF4tQNeKCP0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZfFblxWsA9oQ5lMJ+3QySTM3Ig1FH/FjQtF3Pof7vwbJ20W2nrgwuGce2fuPX4suAbH+bYKK6tr6xvFzdLW9s7unr1/0NJRoihr0khEquMTzQSXrAkcBOvEipHQF6ztj+uZ375nSvNI3sEkZl5IhpIHnBIwUt8+6gF7gLQuiNZGFNjnMO3bZafizICXiZuTMsrR6NtfvUFEk5BJoNlLXdeJwUuJAk4Fm5Z6iWYxoWMyZF1DJQmZ9tLZ9lN8apQBDiJlSgKeqb8nUhJqPQl90xkSGOlFLxP/87oJBFdeymWcAJN0/lGQCAwRzqLAA64YBTExhFDFza6YjogiFExgJROCu3jyMmmdV9yLSvW2Wq5d53EU0TE6QWfIRZeohm5QAzURRY/oGb2iN+vJerHerY95a8HKZw7RH1ifP+KDlYM=</latexit>

Classical bit



Quantum Bit or Qubit
<latexit sha1_base64="j4q1M4gpvaE8YIHSP091EM4uqQA=">AAACIHicbVDLSsNAFJ34rPFVdelmsAiuSlLEuiy6cVnBPqAJZTK5bYdOJnFmUiyxn+LGX3HjQhHd6dc4fSDaeuDC4Zx7ufeeIOFMacf5tJaWV1bX1nMb9ubW9s5ufm+/ruJUUqjRmMeyGRAFnAmoaaY5NBMJJAo4NIL+5dhvDEAqFosbPUzAj0hXsA6jRBupnS/fO54kossBe3CbsgH2AugykQUR0ZLdjWzsYs+zsWN7IMIfuZ0vOEVnArxI3BkpoBmq7fyHF8Y0jUBoyolSLddJtJ8RqRnlMLK9VEFCaJ90oWWoIBEoP5s8OMLHRglxJ5amhMYT9fdERiKlhlFgOs19PTXvjcX/vFaqO+d+xkSSahB0uqiTcqxjPE4Lh0wC1XxoCKGSmVsx7RFJqDaZ2iYEd/7lRVIvFd2zYun6tFC5mMWRQ4foCJ0gF5VRBV2hKqohih7QE3pBr9aj9Wy9We/T1iVrNnOA/sD6+gZ0qKKI</latexit>

|0i ⌘
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�

<latexit sha1_base64="ViHuE1/H7Dvnnr8cpTCuvPvSMzQ=">AAACIHicbVDLSsNAFJ34rPFVdelmsAiuSlLEuiy6cVnBPqAJZTK5bYdOJnFmUiyxn+LGX3HjQhHd6dc4fSDaeuDC4Zx7ufeeIOFMacf5tJaWV1bX1nMb9ubW9s5ufm+/ruJUUqjRmMeyGRAFnAmoaaY5NBMJJAo4NIL+5dhvDEAqFosbPUzAj0hXsA6jRBupnS/fu54kossBe3CbsgH2AugykQUR0ZLdjWzsYM+zsWt7IMIfuZ0vOEVnArxI3BkpoBmq7fyHF8Y0jUBoyolSLddJtJ8RqRnlMLK9VEFCaJ90oWWoIBEoP5s8OMLHRglxJ5amhMYT9fdERiKlhlFgOs19PTXvjcX/vFaqO+d+xkSSahB0uqiTcqxjPE4Lh0wC1XxoCKGSmVsx7RFJqDaZ2iYEd/7lRVIvFd2zYun6tFC5mMWRQ4foCJ0gF5VRBV2hKqohih7QE3pBr9aj9Wy9We/T1iVrNnOA/sD6+gZ2W6KJ</latexit>

|1i ⌘

0
1

�

<latexit sha1_base64="mDdS7TyiqE6zNZcQz8MGUSa+KbE=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7AbRD0GvXjwEME8IAlhdtJJhszuLDO9Ylzir3jxoIhXP8Sbf+PkcdDEgoaiqpvuriCWwqDnfTuZldW19Y3sZm5re2d3z90/qBmVaA5VrqTSjYAZkCKCKgqU0Ig1sDCQUA+GVxO/fg/aCBXd4SiGdsj6kegJztBKHTffQnjA9Eb1rSTpI2g17rgFr+hNQZeJPycFMkel4361uoonIUTIJTOm6XsxtlOmUXAJ41wrMRAzPmR9aFoasRBMO50eP6bHVunSntK2IqRT9fdEykJjRmFgO0OGA7PoTcT/vGaCvYt2KqI4QYj4bFEvkRQVnSRBu0IDRzmyhHEt7K2UD5hmHG1eORuCv/jyMqmViv5ZsXR7WihfzuPIkkNyRE6IT85JmVyTCqkSTkbkmbySN+fJeXHenY9Za8aZz+TJHzifPzc3lSQ=</latexit>

Logical zero

<latexit sha1_base64="Jku4mlQJckTGApKIWowhRi1ay1g=">AAAB+3icbVDLSgNBEJz1GeMrxqOXwSB4CrtB1GPQiwcPEcwDkhBmJ51kyOzMMtMrCUt+xYsHRbz6I978GyePgyYWNBRV3XR3hbEUFn3/21tb39jc2s7sZHf39g8Oc0f5mtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEeji8nfr1JzBWaPWI4xjaEesr0ROcoZM6uXwLYYTpve47SVKtYNLJFfyiPwNdJcGCFMgClU7uq9XVPIlAIZfM2mbgx9hOmUHBJUyyrcRCzPiQ9aHpqGIR2HY6u31Cz5zSpT1tXCmkM/X3RMoia8dR6DojhgO77E3F/7xmgr3rdipUnCAoPl/USyRFTadB0K4wwFGOHWHcCHcr5QNmGEcXV9aFECy/vEpqpWJwWSw9XBTKN4s4MuSEnJJzEpArUiZ3pEKqhJMReSav5M2beC/eu/cxb13zFjPH5A+8zx9LuJSc</latexit>

Logical one

<latexit sha1_base64="p8QJWZJNcRtEWofXJkreKT/Pe/g=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciahm00DKCUSEJYW4zp4t7e+funBiOlDb+FRsLRWz9CXb+GzcxhSY+GHi8N8PMvDBV0pLvf3kTk1PTM7OFueL8wuLScmll9dwmmRFYF4lKzGUIFpXUWCdJCi9TgxCHCi/Cm6O+f3GHxspEn1E3xVYMV1pGUgA5qV3aaBLeU36MGg0obgkIeRJx4LdZKKnXLpX9ij8AHyfBkJTZELV26bPZSUQWoyahwNpG4KfUysGQFAp7xWZmMQVxA1fYcFRDjLaVDx7p8S2ndHiUGFea+ED9PZFDbG03Dl1nDHRtR72++J/XyCg6aOVSpxmhFj+LokxxSng/Fd6RBgWpriMgjHS3cnENBgS57IouhGD05XFyvlMJ9io7p7vl6uEwjgJbZ5tsmwVsn1XZCauxOhPsgT2xF/bqPXrP3pv3/tM64Q1n1tgfeB/fpFOZuw==</latexit>

General state of a qubit

<latexit sha1_base64="uBsHEV2GXlxJp0W1mdu5w1ziteA=">AAACeHicbZFNTxsxEIa9S/lavkJ75GI1IEBIkR1VwKUSai8cQWoSpDiKvM4kWPF6t7YXEW3yG/hvvfWHcOFUb7JUhXQkS++884w8HseZktYR8jsIVz6srq1vbEZb2zu7e7X9j22b5kZAS6QqNXcxt6CkhpaTTsFdZoAnsYJOPP5e1jsPYKxM9Q83yaCX8JGWQym481a/9jRlmZXMcD1SgL/iMuuTKamcs3lOp/SVYPAzlw9Rxb EYRlIXccKdkY+zCFPMWEQiBnrw1z1bwHQJJiVM38L9Wp00yDzwsqCVqKMqbvq1X2yQijwB7YTi1nYpyVyv4MZJoWAWsdxCxsWYj6DrpeYJ2F4xX9wMH3lngIep8Uc7PHf/7Sh4Yu0kiT3p57u372ul+b9aN3fDy14hdZY70GJx0TBX2KW4/AU8kAaEUxMvuDDSz4rFPTdcOP9XkV8Cff/kZdFuNuh5o3n7pX71rVrHBjpAn9EJougCXaFrdINaSKDn4CA4DI6ClxCHx+HpAg2DqucTehNh8w9+db5+</latexit>
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<latexit sha1_base64="nR6Bes6qN8mV8UZ21B3zdrqO9m4=">AAACLHicbVDLSgMxFM34rOOr6tJNsAiuykwRdVnsxmUF+4CmlEx624ZmMmOSKZaxH+TGXxHEhUXc+h2mD0RbDwQO55xL7j1BLLg2njd2VlbX1jc2M1vu9s7u3n724LCqo0QxqLBIRKoeUA2CS6gYbgTUYwU0DATUgn5p4tcGoDSP5J0ZxtAMaVfyDmfUWKmVLT2SWHOiqOwKwATuEz7AJIAul2kQUqP4w8jFk0zLw4S4U+a7BGT7x29lc17emwIvE39OcmiOciv7StoRS0KQhgmqdcP3YtNMqTKcCRi5JNEQU9anXWhYKmkIuplOjx3hU6u0cSdS9kmDp+rviZSGWg/DwCbtfj296E3E/7xGYjpXzZTLODEg2eyjTiKwifCkOdzmCpgRQ0soU9zuilmPKsqM7de1JfiLJy+TaiHvX+QLt+e54vW8jgw6RifoDPnoEhXRDSqjCmLoCb2gdzR2np0358P5nEVXnPnMEfoD5+sbkumoZg==</latexit>

| i ⌘

 0

 1

�

<latexit sha1_base64="o0qp+0PMAhf//lqaXbKEXF2za08="></latexit>

where | 0|2 + | 1|2 = 1 (Normalization)

<latexit sha1_base64="E9T4c78pI/DX4MMrJWEul27mpdU=">AAACH3icbVDLSgMxFM34tr6qLt0Ei+CqzIhUcVV041LBPqAzDEl6q8FMZkjuiGXon7jxV9y4UETc+Temj4W2HggczrmX3HN4pqRF3//25uYXFpeWV1ZLa+sbm1vl7Z2mTXMjoCFSlZo2ZxaU1NBAiQramQGWcAUtfn8x9FsPYKxM9Q32M4gSdqtlTwqGTorLtTCzMpah1GHC8I7z4mJAQ4RHLOgZzUzKGZdKYp+yxN2DeRfsgNK4XPGr/gh0lgQTUiETXMXlr7CbijwBjUIxazuBn2FUMINSKBiUwtxCxsQ9u4WOo5olYKNilG9AD5zSpb3UuKeRjtTfGwVLrO0n3E0OQ9hpbyj+53Vy7J1GhdRZjqDF+KNeriimdFgW7UoDAlXfESaMdLdScccME+gqLbkSgunIs6R5VA1q1aPr40r9fFLHCtkj++SQBOSE1MkluSINIsgTeSFv5N179l69D+9zPDrnTXZ2yR943z+6WqNi</latexit>

 i 2 C : probability amplitudes

These two states (logical 0 and 1) form an orthonormal basis
of a qubit.

Linearity of QM allows us to write any
qubit state a a linear combination of
logical 0 or 1, as they are a basis for
the qubit state space.



Dirac Notation
<latexit sha1_base64="My5kxOHEK+VJU+x1acqsbVRPVX0=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCp7JbRD0W9eCxgv2AdinZNG1Ds8mSzIplKfhXvHhQxKu/w5v/xnS7B219MPB4b4aZeWEsuAHP+3aWlldW19YLG8XNre2dXXdvv2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGo+up33xg2nAl72EcsyAiA8n7nBKwUtc97AB7hPSGa0KxVJDJk65b8speBrxI/JyUUI5a1/3q9BRNIiaBCmJM2/diCFKigVPBJsVOYlhM6IgMWNtSSSJmgjQ7f4JPrNLDfaVtScCZ+nsiJZEx4yi0nRGBoZn3puJ/XjuB/mWQchknwCSdLeonAoPC0yxwj2tGQYwtIVRzeyumQ2KTAJtY0Ybgz7+8SBqVsn9ertydlapXeRwFdISO0Sny0QWqoltUQ3VEUYqe0St6c56cF+fd+Zi1Ljn5zAH6A+fzB9G8lgw=</latexit>

Dirac notation Paul Dirac: Nobel Prize 1933
Fundamental contributions to:
• quantum mechanics
• quantum electrodynamics<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="6uk7dvUIme6G/xOG56qLdU4j14Q=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1CNqIWN3jOAE/YgMlQsEZWumhi/CE2Qhw0iuV3Yo7A10mXk7KJEe9V/rq9mOeRqCQS2ZMx3MT9DOmUXAJk2I3NZAwPmID6FiqWATGz2YXT+ipVfo0jLUthXSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPIzoZIUQfH5ojCVFGM6fZ/2hQaOcmwJ41rYWykfMs042pCKNgRv8eVl0qxWvItK9e68XLvO4yiQY3JCzohHLkmN3JI6aRBOFHkmr+TNMc6L8+58zFtXnHzmiPyB8/kDL3mRQg==</latexit>

ket

Westminster Abbey (London)

<latexit sha1_base64="uBsHEV2GXlxJp0W1mdu5w1ziteA="></latexit>
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Postulate I: Quantum states

<latexit sha1_base64="UiHTDEE2oIvF6bEoI+GiAidFhHA=">AAAB/HicbVDLTgJBEJzFF+JrlaOXicTEE9klRj0SvXjEKI8ECJkdGpgw+8hML3GzwV/x4kFjvPoh3vwbB9iDgpV0UqnqTneXF0mh0XG+rdza+sbmVn67sLO7t39gHx41dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xvfzPzmBJQWYfCASQRdnw0DMRCcoZF6drGD8IjpPTIEOgGOoZr27JJTduagq8TNSIlkqPXsr04/5LEPAXLJtG67ToTdlCkUXMK00Ik1RIyP2RDahgbMB91N58dP6alR+nQQKlMB0rn6eyJlvtaJ75lOn+FIL3sz8T+vHePgqpuKIIoRAr5YNIglxZDOkqB9ocy/MjGEcSXMrZSPmGIcTV4FE4K7/PIqaVTK7kW5cndeql5nceTJMTkhZ8Qll6RKbkmN1AknCXkmr+TNerJerHfrY9Gas7KZIvkD6/MHXXmVPQ==</latexit>

State vector
<latexit sha1_base64="q3vcD1OgDe5C36/8LMNr8z3V/oE=">AAACGXicbVC7SgNBFJ31bXxFLW0Gg2Bj2BVRSx+NpYJJhCSE2dm7OjiPZeauGJb8ho2/YmOhiKVW/o2TmEITb3U459zXiTMpHIbhVzAxOTU9Mzs3X1pYXFpeKa+u1Z3JLYcaN9LYq5g5kEJDDQVKuMosMBVLaMS3p329cQfWCaMvsZtBW7FrLVLBGXqqUw5bCPdYHNNkJxEKdN/IJL0DjsZSk1JuVCbhnupcxX5Or1OuhNVwUHQcRENQIcM675Q/WonhuZ+NXDLnmlGYYbtgFgWX0Cu1cgcZ47fsGpoeaqbAtYvBZz265ZmEpv6U1GikA/Z3R8GUc10Ve6dieONGtT75n9bMMT1sF0JnOYLmP4vSXFI0tB8TTYT1EciuB4xb4W+l/IZZxtGHUPIhRKMvj4P6bjXar+5e7FWOToZxzJENskm2SUQOyBE5I+ekRjh5IE/khbwGj8Fz8Ba8/1gngmHPOvlTwec3K4+hDA==</latexit>

A d-dimensional vector of complex numbers

<latexit sha1_base64="C8BvQFmH0KMnQGcMghSjRoUjs1Y="></latexit>

 i : Probability amplitude of degree of freedom i

<latexit sha1_base64="GAq+StwD1ypYbXYiNunF7Ro1TO8="></latexit>

Hilbert space = Complex Vector Space + Inner-product

<latexit sha1_base64="uI+Yf5vajWHBAdLe48eG4h4eqlM="></latexit>

A quantum state with d degrees of freedom is a vector
<latexit sha1_base64="xyJgnXgeTp2N4eDR0qd3aODWPKA="></latexit>

belonging to a Hilbert space of dimension d and norm 1.

<latexit sha1_base64="3s6rWRuq6zwKgClQ8Q1K0DPOIG0="></latexit>

| i ⌘

2

6664

 0

 1
...

 d�1

3

7775

<latexit sha1_base64="YuSxHjoDr8KsVeef0aHP3JMC8y0="></latexit>

Normalization:
d�1X

i=0

 ⇤
i  i =

d�1X

i=0

| i|2 = 1



Hilbert Space: Complex vector space
<latexit sha1_base64="u8mw2HOvsMFWl6/WJDnSB1sERMU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaSIuix202UF+4A2lslk0g6dTOLMpFBCVm78FTcuFHHrN7jzb5ykWWjrgQuHc+7l3nvciFGpLOvbWFldW9/YLG2Vt3d29/bNg8OODGOBSRuHLBQ9F0nCKCdtRRUjvUgQFLiMdN1JI/O7UyIkDfmdmkXECdCIU59ipLQ0NE8GAVJjjFjSTAfkIabTXHDdpJHee0OzYlWtHHCZ2AWpgAKtofk18EIcB4QrzJCUfduKlJMgoShmJC0PYkkihCdoRPqachQQ6ST5Gyk804oH/VDo4grm6u+JBAVSzgJXd2Y3ykUvE//z+rHyr52E8ihWhOP5Ij9mUIUwywR6VBCs2EwThAXVt0I8RgJhpZMr6xDsxZeXSadWtS+rtduLSv2miKMEjsEpOAc2uAJ10AQt0AYYPIJn8ArejCfjxXg3PuatK0YxcwT+wPj8ATHNmZc=</latexit>

H ⌘ Cd

<latexit sha1_base64="7mKTg8E3czczqccsiUoANb5lF2A=">AAACL3icbZDLSsNAFIYn9VbrrerSzWARXJWkiIqrqiBdVrAXaEKZTKbt0MmFmRO1hLyRG1+lGxFF3PoWTtouausPAz/fOYc553cjwRWY5ruRW1ldW9/Ibxa2tnd294r7B00VxpKyBg1FKNsuUUzwgDWAg2DtSDLiu4K13OFtVm89Mql4GDzAKGKOT/oB73FKQKNu8c4G9gzJtefxDFxhjFNs+wQGlIikltrAfabmgeT9ARApw6 c52i2WzLI5EV421syU0Ez1bnFseyGNfRYAFUSpjmVG4CREAqeCpQU7ViwidEj6rKNtQPQWTjK5N8Unmni4F0r9AsATOj+REF+pke/qzmxFtVjL4H+1Tgy9SyfhQRQDC+j0o14sMIQ4Cw97XDIKYqQNoVInRjEdEEko6IgLOgRr8eRl06yUrfNy5f6sVL2ZxZFHR+gYnSILXaAqqqE6aiCKXtAYfaBP49V4M76M72lrzpjNHKI/Mn5+AQjwqvI=</latexit>

Addition: H⇥H ! H

<latexit sha1_base64="aNPJJuGQCe+YvqvLUNhUvv31ikM="></latexit>

| i+ |�i ⌘

2

6664

 0

 1
...

 d�1

3

7775
+

2

6664

�0
�1
...

�d�1

3

7775
=

2

6664

 0 + �0
 1 + �1

...
 d�1 + �d�1

3

7775

<latexit sha1_base64="l6/DLSMa7IUHmQMsg5a9jrYHO60=">AAACO3icbVA9SwNBEN3z2/gVtbRZDIJVuBNRsQrapIwfUSF3hLnNJlnc+2B3Tg3H/S8b/4SdjY2FIrb27iVXaOKDhbfvzTAzz4+l0GjbL9bU9Mzs3PzCYmlpeWV1rby+caWjRDHeZJGM1I0PmksR8iYKlPwmVhwCX/Jr//Y096/vuNIiCi9xEHMvgF4ouoIBGqldPneRP2B6wUCCokEiUZixI/eYUppRNwDs+356mrkoAq6Hf1 Oe1jNXiV4fQano/pfaLlfsqj0EnSROQSqkQKNdfnY7EUsCHiKToHXLsWP0UlAomORZyU00j4HdQo+3DA3BbOGlw9szumOUDu1GyrwQ6VD93ZFCoPUg8E1lvqIe93LxP6+VYPfIS0UYJ8hDNhrUTSTFiOZB0o5QnKEcGAJMCbMrZX1QwNDEXTIhOOMnT5KrvapzUN0726/UToo4FsgW2Sa7xCGHpEbqpEGahJFH8kreyYf1ZL1Zn9bXqHTKKno2yR9Y3z91xbAx</latexit>

Scalar multiplication: C⇥H ! H
<latexit sha1_base64="CqMmZbLRH5KQ7ewsF5t3jZIY220="></latexit>

�| i ⌘ �

2

6664

 0

 1
...

 d�1

3

7775
=

2

6664

� 0

� 1
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� d�1

3

7775

<latexit sha1_base64="df44i9Uq5Ps31HCBuFviJ6iU/u8="></latexit>

The zero vector: |;i ⌘

2

6664

0
0
...
0

3

7775



Inner-product in a nutshell

<latexit sha1_base64="U8v7r8eiBdNddnIHvYw9BTOMSrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7gVUZZNZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3voZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCj3I/I</latexit>

v̄

<latexit sha1_base64="/KuU/3qfDAIzwb/wj+ksbD6mtbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVYazQbniVt0FyDrxclKBHM1B+as/jGkaMWmoQK17npsYP0NlOBVsVuqnmiVIJzhiPUslRkz72eLcGbmwypCEsbIlDVmovycyjLSeRoHtjNCM9ao3F//zeqkJb/yMyyQ1TNLlojAVxMRk/jsZcsWoEVNLkCpubyV0jAqpsQmVbAje6svrpH1V9erV2kOt0rjN4yjCGZzDJXhwDQ24hya0gMIEnuEV3pzEeXHenY9la8HJZ07hD5zPH4Pzj7M=</latexit>

ā
<latexit sha1_base64="sK0VVD0D1De2GIimRtZ3rDIrjyI=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAILqTMlKJuhKIblxXsBTqlnEnTNjSTGZJMoQzzHm58FTcuFHEluPBtTKezsK0/BP585xyS83shZ0rb9o+VW1vf2NzKbxd2dvf2D4qHR00VRJLQBgl4INseKMqZoA3NNKftUFLwPU5b3vhuVm9NqFQsEI96GtKuD0PBBoyANqhXrNR74Hog40ly43IQQ05xeofkIuOuXMCFXrFkl+1UeNU4mSmhTPVe8cvtByTyqdCEg1Idxw51NwapGeE0KbiRoiGQMQxpx1gBPlXdON0twWeG9PEgkOYIjVP6dyIGX6mp75lOH/RILddm8L9aJ9KD627MRBhpKsj8oUHEsQ7wLCjcZ5ISzafGAJHM/BWTEUgg2sQ5C8FZXnnVNCtl57JcfaiWardZHHl0gk7ROXLQFaqhe1RHDUTQE3pBb+jderZerQ/rc96as7KZY7Qg6/sXx6Sh4Q==</latexit>

Pav̄ = hā, v̄iā

<latexit sha1_base64="8NZEkno4Z+AALyWj32A5O+GIe6c=">AAACG3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhox1AvwtCLxwnuBdZS0izbwtK0JOlglH4PL34VLx4U8SR48NuYdj24zT8E/vk9z0Py/P2IUaks68cora1vbG6Vtys7u3v7B+bhUUeGscCkjUMWip6PJGGUk7aiipFeJAgKfEa6/uQuq3enREga8kc1i4gboBGnQ4qR0sgz6y3Pd3wkkml64zDER4zA/O6nFwV3xAKueGbVqlm54KqxC1MFhVqe+eUMQhwHhCvMkJR924qUmyChKGYkrTixJBHCEzQifW05Coh0k3y3FJ5pMoDDUOjDFczp34kEBVLOAl93BkiN5XItg//V+rEaXrsJ5VGsCMfzh4YxgyqEWVBwQAXBis20QVhQ/VeIx0ggrHScWQj28sqrplOv2Ze1xkOj2rwt4iiDE3AKzoENrkAT3IMWaAMMnsALeAPvxrPxanwYn/PWklHMHIMFGd+/zHqh5A==</latexit>

Pbv̄ = hb̄, v̄ib̄

<latexit sha1_base64="gazbDWa2dqzyhkvKWNuPyv7zctU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi+gOgumpX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fze6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMnueDITmDOXEEsq0sLcSNqKaMrQRzULwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AG8e4/I</latexit>

b̄

<latexit sha1_base64="G+3xez/9scPHeY2EorGxwKhcgDg=">AAACP3icbVBLS8NAGNz4rPVV9ehlsQiCUhIp6kUoevFYwT6gCeXLdtMu3WzC7qZQQv6ZF/+CN69ePCji1ZtpmoN9DCzMzszH7jduyJnSpvlmrKyurW9sFraK2zu7e/ulg8OmCiJJaIMEPJBtFxTlTNCGZprTdigp+C6nLXd4P/FbIyoVC8STHofU8aEvmMcI6FTqlpq2CzIeJbc2B9HnFGd3SC5y3ZYz8vlMzF0ec5Nit1Q2K2YGvEisnJRRjnq39Gr3AhL5VGjCQamOZYbaiUFqRjhNinakaAhkCH3aSakAnyonzvZP8Gmq9LAXyPQIjTP1/0QMvlJj302TPuiBmvcm4jKvE2nvxomZCCNNBZk+5EUc6wBPysQ9JinRfJwSIJKlf8VkABKITiuflGDNr7xImpcV66pSfayWa3d5HQV0jE7QGbLQNaqhB1RHDUTQM3pHn+jLeDE+jG/jZxpdMfKZIzQD4/cP/YexSQ==</latexit>

v̄ = hā, v̄iā+ hb̄, v̄ib̄

<latexit sha1_base64="rewCghuh6xbo4kCVIWX8/6aM4ag=">AAACJnicbVDLSgMxFM3UV62vUZdugkVwIWVGioogFAVxWcE+oFNKJk3b0EwyJHeUMvRr3PgrblxURNz5KaaPhbYeCDmccy/33hPGghvwvC8ns7S8srqWXc9tbG5t77i7e1WjEk1ZhSqhdD0khgkuWQU4CFaPNSNRKFgt7N+M/doj04Yr+QCDmDUj0pW8wykBK7Xcq0AQ2RUMB7St4GT64UBPxEtcDYBHzOCqlXi3B0Rr9RREBHphmN4OW27eK3gT4EXiz0gezVBuuaOgrWgSMQlUEGMavhdDMyUaOBVsmAsSw2JC+6TLGpZKYoc308mZQ3xklTbuKG2fBDxRf3ekJDJmEIW2cryhmffG4n9eI4HORTPlMk6ASTod1EkEBoXHmeE214yCGFhCqOZ2V0x7RBMKNtmcDcGfP3mRVE8L/lmheF/Ml65ncWTRATpEx8hH56iE7lAZVRBFz+gVjdC78+K8OR/O57Q048x69tEfON8/WrClww==</latexit>

h·, ·i : V ⇥ V ! F

<latexit sha1_base64="/Jv6jGOirvbVjuRzbfl4KQU6sjQ=">AAACEXicbVDLSgNBEJz1GeMr6tHLYBACQtiVoOIp6MWTRDEPyK5hdjJJhszuLDO9alj2F7z4K148KOLVmzf/xsnjoIkFDUVVN91dfiS4Btv+tubmFxaXljMr2dW19Y3N3NZ2TctYUValUkjV8IlmgoesChwEa0SKkcAXrO73z4d+/Y4pzWV4A4OIeQHphrzDKQEjtXIFF9gDJJdSBacY4xTXXMW7PSBKyXs3INDz/eQ6vT1o5fJ20R4BzxJnQvJogkor9+W2JY0DFgIVROumY0fgJUQBp4KlWTfWLCK0T7qsaWhIAqa9ZPRRiveN0sYdqUyFgEfq74mEBFoPAt90Dm/U095Q/M9rxtA58RIeRjGwkI4XdWKBQeJhPLjNFaMgBoYQqri5FdMeUYSCCTFrQnCmX54ltcOic1QsXZXy5bNJHBm0i/ZQATnoGJXRBaqgKqLoET2jV/RmPVkv1rv1MW6dsyYzO+gPrM8fPMidSw==</latexit>

Norm: V ! R+
<latexit sha1_base64="cB8j5GdTpmKswGjmQpvsieAkQhE=">AAACInicbVDLSgMxFM34rONr1KWbYBFcSJmR4mMhFN24rGAf0BlKJk3b0ExmmmQKZabf4sZfceNCUVeCH2M6nYW2Hgg5nHPvTe7xI0alsu0vY2l5ZXVtvbBhbm5t7+xae/t1GcYCkxoOWSiaPpKEUU5qiipGmpEgKPAZafiD26nfGBEhacgf1DgiXoB6nHYpRkpLbesqTV0fiWQ0SdNrVw6FSlyGeI+RXD7Nb1dk6sTtkSG0TdNsW0W7ZGeAi8TJSRHkqLatD7cT4jggXGGGpGw5dqS8BAlFsR5surEkEcID1CMtTTkKiPSSbMUJPNZKB3ZDoQ9XMFN/dyQokHIc+LoyQKov572p+J/XilX30ksoj2JFOJ491I0ZVCGc5gU7VBCs2FgThAXVf4W4jwTCSqc6DcGZX3mR1M9KznmpfF8uVm7yOArgEByBE+CAC1ABd6AKagCDR/AMXsGb8WS8GO/G56x0ych7DsAfGN8/82qlDQ==</latexit>

||v̄|| =
p

hv̄, v̄i � 0
<latexit sha1_base64="Z4/+STQDp+1+2tRGzl5kA9KauNo=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4scxIUZdFN+6sYB/QlpJJb9vQTDIkd8Qy9Ffc+CtuXCjSnfgzpo+FrwOBw7mPnHvCWAqLvv/hZZaWV1bXsuu5jc2t7Z387l7N6sRwqHIttWmEzIIUCqooUEIjNsCiUEI9HF5N6/V7MFZodYejGNoR6yvRE5yhkzr5ixbCA6Y3Bge6rxWTFA1TtqdNNOugbpsFcw+WCqXAnMRGdxOO406+4Bf9GehfEixIgSxQ6eQnra7mSQQKuWTWNgM/xnbKDAouYZxrJRZixoesD01HFYvAttPZhWN65JQuda7cU0hn6veJlEXWjqLQdTrfA/u7NhX/qzUT7F20U6HiBEHx+Ue9xKWg6TQu2hUGOMqRI4wb4bxSPmCGcXSh5lwIwe+T/5LaaTE4K5ZuS4Xy5SKOLDkgh+SYBOSclMk1qZAq4eSRPJNX8uY9eS/euzeZt2a8xcw++QHv8wuKRaWa</latexit>

Orthogonal transformation preserves inner-product

<latexit sha1_base64="OmlFs7gy4K2vVERHkkxNlha6Oac="></latexit>

hx̄, ȳi = x̄ · ȳ =
d�1X

i=0

xiyi

<latexit sha1_base64="HhGn96kPKrkxFEA75d4l7qwm3VM=">AAACK3icbVDLSsNAFJ34rPVVdelmsAgupCRS1I1Q6sZlBfuAJpSb6aQdOpmEmYlQQv/Hjb/iQhc+cOt/OE2DaOuByz2ccy8z9/gxZ0rb9ru1tLyyurZe2Chubm3v7Jb29lsqSiShTRLxSHZ8UJQzQZuaaU47saQQ+py2/dH11G/fU6lYJO70OKZeCAPBAkZAG6lXqrscxIBT1weZwuQ0767M1KvcxZns57b/YztFg16pbFfsDHiRODkpoxyNXunZ7UckCanQhINSXceOtZeC1IxwOim6iaIxkBEMaNdQASFVXprdOsHHRunjIJKmhMaZ+nsjhVCpceibyRD0UM17U/E/r5vo4NJLmYgTTQWZPRQkHOsIT4PDfSYp0XxsCBDJzF8xGYIEok280xCc+ZMXSeus4pxXqrfVcq2ex1FAh+gInSAHXaAaukEN1EQEPaAn9IrerEfrxfqwPmejS1a+c4D+wPr6BieHp4U=</latexit>

hā, āi = hb̄, b̄i = 1

<latexit sha1_base64="nyEWxGxjA73NLwLh+niYRJTeo4s=">AAACJnicbVDLSgMxFM34tr5GXboJloKrMiOiIghFNy4r2Ae0pdxJUxvMJENyRyzDfI0bf8WNC0XEnZ9i+gCfB244nJPLvfdEiRQWg+Ddm5mdm19YXFourKyurW/4m1t1q1PDeI1pqU0zAsulULyGAiVvJoZDHEneiG7OR37jlhsrtLrCYcI7MVwr0RcM0Eld/7Qdgckgp23kd5hRSkH13JuP9ehL1wYHWmkTg6RuoLAneaHQ9YtBORiD/iXhlBTJFNWu/9zuaZbGXCGTYG0rDBLsZGBQMMnzQju1PAF2A9e85aiCmNtONj4zpyWn9GhfG1cK6Vj93pFBbO0wdkuXYsCB/e2NxP+8Vor9404mVJIiV2wyqJ9KipqOMqM9YThDOXQEmBFuV8oGYIChS3YUQvj75L+kvl8OD8sHlwfFytk0jiWyQ3bJHgnJEamQC1IlNcLIPXkkz+TFe/CevFfvbfJ1xpv2bJMf8D4+AdWkpMU=</latexit>

ā and b̄ orthonormal basis:

<latexit sha1_base64="OVRCnakZdsgZv0wmAxBf/NH2XiY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAzlDupGkbmskMSUYow3yAG3/FjQtF3PoB7vwbM9NZaOuBkMM555Lc40ecKW3b39bS8srq2nppo7y5tb2zW9nbb6swloS2SMhD2fVBUc4EbWmmOe1GkkLgc9rxJzeZ33mgUrFQ3OtpRL0ARoINGQFtpH6l6nIQI05dH2QC6Wl++6krc/XKLhuYlF2zc+BF4hSkigo0+5UvdxCSOKBCEw5K9Rw70l4CUjPCaVp2Y0UjIBMY0Z6hAgKqvCRfJsXHRhngYSjNERrn6u+JBAKlpoFvkgHosZr3MvE/rxfr4aWXMBHFmgoye2gYc6xDnDWDB0xSovnUECCSmb9iMgYJRJv+shKc+ZUXSfus5pzX6nf1auO6qKOEDtEROkEOukANdIuaqIUIekTP6BW9WU/Wi/VufcyiS1Yxc4D+wPr8AQsOmkw=</latexit>

hā, b̄i = 0

<latexit sha1_base64="D2bGBt2aG9yyKG0d7eKR7h+dVis="></latexit>

Px is projector on subspace span by x̄



Hilbert Space: Inner-product (Dirac Notation)
<latexit sha1_base64="u8mw2HOvsMFWl6/WJDnSB1sERMU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaSIuix202UF+4A2lslk0g6dTOLMpFBCVm78FTcuFHHrN7jzb5ykWWjrgQuHc+7l3nvciFGpLOvbWFldW9/YLG2Vt3d29/bNg8OODGOBSRuHLBQ9F0nCKCdtRRUjvUgQFLiMdN1JI/O7UyIkDfmdmkXECdCIU59ipLQ0NE8GAVJjjFjSTAfkIabTXHDdpJHee0OzYlWtHHCZ2AWpgAKtofk18EIcB4QrzJCUfduKlJMgoShmJC0PYkkihCdoRPqachQQ6ST5Gyk804oH/VDo4grm6u+JBAVSzgJXd2Y3ykUvE//z+rHyr52E8ihWhOP5Ij9mUIUwywR6VBCs2EwThAXVt0I8RgJhpZMr6xDsxZeXSadWtS+rtduLSv2miKMEjsEpOAc2uAJ10AQt0AYYPIJn8ArejCfjxXg3PuatK0YxcwT+wPj8ATHNmZc=</latexit>

H ⌘ Cd

<latexit sha1_base64="4t9RzmK9apwtnf+HkIlnnJuUC8A=">AAACM3icbVDLSgMxFM34tr6qLt0Ei+DGMiOi4qroprqqYFXolJJJb9tgJhmSO2oZ5p/c+CMuBHGhiFv/wbR24etA4HDOveTcEyVSWPT9J29sfGJyanpmtjA3v7C4VFxeObc6NRzqXEttLiNmQQoFdRQo4TIxwOJIwkV0dTTwL67BWKHVGfYTaMasq0RHcIZOahVPQoRbzI6VArOVGN1OOR5QSnMaxgx7nMmsmocoYrDfBSO6PW TG6JuhGkXZUd4qlvyyPwT9S4IRKZERaq3iQ9jWPI1BIZfM2kbgJ9jMmEHBJeSFMLWQMH7FutBwVDEXopkNb87phlPatKONewrpUP2+kbHY2n4cuclBQvvbG4j/eY0UO/vNTKgkRVD866NOKilqOiiQtoUBjrLvCONGuKyU95hhHF3NBVdC8Pvkv+R8uxzslrdPd0qVw1EdM2SNrJNNEpA9UiFVUiN1wskdeSQv5NW79569N+/9a3TMG+2skh/wPj4BbBKspw==</latexit>

Inner-product: H⇥H ! C
<latexit sha1_base64="KuTl8q6On8uREdx8ipoYCavN/dA="></latexit>

h | ⌘
⇥
 ⇤
1  ⇤

2 . . .  ⇤
d

⇤
<latexit sha1_base64="Y1d6CKtf0/49fyHkvpZhNbc3ZXY=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8ELx4xkUeEDZkdBpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiGW+wSEa6HVDDpVC8gQIlb8ea0zCQvBWMb2Z+65FrIyJ1j5OY+yEdKjEQjKKVHrrInzCtaTrtFUtu2Z2DrBIvIyXIUO8Vv7r9iCUhV8gkNabjuTH6KdUomOTTQjcxPKZsTIe8Y6miITd+Or94Ss6s0ieDSNtSSObq74mUhsZMwsB2hhRHZtmbif95nQQH134qVJwgV2yxaJBIghGZvU/6QnOGcmIJZVrYWwkbUU0Z2pAKNgRv+eVV0qyUvcty5e6iVK1lceThBE7hHDy4gircQh0awEDBM7zCm2OcF+fd+Vi05pxs5hj+wPn8Aee6kRM=</latexit>

Bra

<latexit sha1_base64="Noxc1MkmapLLBVsfRtASHZOVXaE=">AAACHnicbZDLSsNAFIYnXmu9RV26CRahuihJ8bYpFN24rNAbNG2ZTE/ToZNJmJkIJe2TuPFV3LhQRHClb2OSdmFbDwzz8/3nMHN+J2BUKtP80VZW19Y3NjNb2e2d3b19/eCwLv1QEKgRn/mi6WAJjHKoKaoYNAMB2HMYNJzhXeI3HkFI6vOqGgXQ9rDLaZ8SrGLU1S9thrnLwA4kHZfGyWWLlHTsHnZdEKX8HK2edc6zXT1nFsy0jGVhzUQOzarS1b/snk9CD7giDEvZssxAtSMsFCUMJlk7lBBgMsQutGLJsQeyHaXrTYzTmPSMvi/iw5WR0r8TEfakHHlO3OlhNZCLXgL/81qh6t+0I8qDUAEn04f6ITOUbyRZGT0qgCg2igUmgsZ/NcgAC0xUnGgSgrW48rKoFwvWVaH4cJEr387iyKBjdILyyELXqIzuUQXVEEFP6AW9oXftWXvVPrTPaeuKNps5QnOlff8C0wOi3A==</latexit>

h | = | i† = (| iT )⇤

<latexit sha1_base64="+HWD5+Mh4OhIKe130EXqCQt+g6E=">AAACQHicbVDNS8MwHE39nPNr6tFLcAhTdLRD1Mtg6MXjBPcBa1fSLNvC0rQkqTDq/jQv/gnePHvxoIhXT6Zbhbn5IPB+7/ceSZ4XMiqVab4YC4tLyyurmbXs+sbm1nZuZ7cug0hgUsMBC0TTQ5IwyklNUcVIMxQE+R4jDW9wnewb90RIGvA7NQyJ46Mep12KkdKSm2vAwoMdSmoLxHuMnOih/zsclW0Z+W5My+aoHXdOrVHidG n7ODG5tGyzsS9Rp3NZDTeXN4vmGHCeWCnJgxRVN/dsdwIc+YQrzJCULcsMlRMjoShmZJS1I0lChAeoR1qacuQT6cTjAkbwUCsd2A2EPlzBsTqdiJEv5dD3tNNHqi9nd4n4364Vqe6lE1MeRopwPLmoGzGoApi0CTtUEKzYUBOEBdVvhbiPBMJKd56UYM1+eZ7US0XrvFi6PctXrtI6MmAfHIACsMAFqIAbUAU1gMEjeAXv4MN4Mt6MT+NrYl0w0swe+APj+wf/2q/2</latexit>

(| i, |�i) =
d�1X

i=0

 ⇤
i �i = h |�i

<latexit sha1_base64="1zL9KG45L9Cre9HO54F3Unit7FI=">AAACG3icbVDLSgNBEJz1GeNr1aOXwSAIQtgNouIp6CUniWIekI1hdjJJhszuLDO9alj2P7z4K148KOJJ8ODfOHkcNLGgoajqprvLjwTX4Djf1tz8wuLScmYlu7q2vrFpb21XtYwVZRUqhVR1n2gmeMgqwEGweqQYCXzBan7/YujX7pjSXIY3MIhYMyDdkHc4JWCkll3wgD1AcilVcIYxTrEXEOhRIpJS6ine7QFRSt6PVN9Prt Pbw5adc/LOCHiWuBOSQxOUW/an15Y0DlgIVBCtG64TQTMhCjgVLM16sWYRoX3SZQ1DQxIw3UxGv6V43yht3JHKVAh4pP6eSEig9SDwTefwRj3tDcX/vEYMndNmwsMoBhbS8aJOLDBIPAwKt7liFMTAEEIVN7di2iOKUDBxZk0I7vTLs6RayLvH+cLVUa54Pokjg3bRHjpALjpBRVRCZVRBFD2iZ/SK3qwn68V6tz7GrXPWZGYH/YH19QOd3KHN</latexit>

Norm: H ! R+

<latexit sha1_base64="bye4V02jmuoAj3Pyg7+VwJpSfc0=">AAACI3icbVBNS8MwGE79nPVr6tFLcAgeZLRDVARh6MXjBPcBaxlplnVhadolqTDa/Rcv/hUvHpThxYP/xbTbYW4+EHjyPO/7Ju/jRYxKZVnfxsrq2vrGZmHL3N7Z3dsvHhw2ZBgLTOo4ZKFoeUgSRjmpK6oYaUWCoMBjpOkN7jO/+UyEpCF/UqOIuAHyOe1RjJSWOsWbNHXOUyeS1BGI+4yk6a0jh0IlDsvvmTXvjx2fDKFlmm anWLLKVg64TOwZKYEZap3ixOmGOA4IV5ghKdu2FSk3QUJRrAebTixJhPAA+aStKUcBkW6S7ziGp1rpwl4o9OEK5up8R4ICKUeBpysDpPpy0cvE/7x2rHrXbkJ5FCvC8fShXsygCmEWGOxSQbBiI00QFlT/FeI+EggrHWsWgr248jJpVMr2ZbnyeFGq3s3iKIBjcALOgA2uQBU8gBqoAwxewBv4AJ/Gq/FuTIyvaemKMes5An9g/PwCVlmlOQ==</latexit>

|| | i|| =
p

h | i � 0
<latexit sha1_base64="rh2zNgjJE8rgeFa2jShikrGGADk=">AAACM3icbVDLSgMxFM3UV62vqks3wSIIlTJTRF0W3YirCvYBnVIy6W0bmsmMSUYonf6TG3/EhSAuFHHrP5i2I9TWA4Fzzz2Xm3u8kDOlbfvVSi0tr6yupdczG5tb2zvZ3b2qCiJJoUIDHsi6RxRwJqCimeZQDyUQ3+NQ8/pX437tAaRigbjTgxCaPukK1mGUaCO1sjdxHLuhYq4kosshb4rebxHH2OVwj43jZNYUx/lEmrFmMq1szi7YE+BF4iQkhxKUW9lntx3QyAehKSdKNRw71M0hkZpRDqOMGykICe2TLjQMFcQH1RxObh7hI6O0cSeQ5gmNJ+rsxJD4Sg18zzh9ontqvjcW/+s1It25aA6ZCCMNgk4XdSKOdYDHAeI2k0A1HxhCqGTmr5j2iCRUm5jHITjzJy+SarHgnBWKt6e50mUSRxodoEN0jBx0jkroGpVRBVH0iF7QO/qwnqw369P6mlpTVjKzj/7A+v4BcA+sjA==</latexit>

||| i+ |�i||  || | i||+ || |�i||
<latexit sha1_base64="bGNTcthdypYcCV0/dG8zCvIO0WA=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSBYhd0gahm0sYyQFyQhzE5ukiGzs+vMXTEsaWz8FRsLRWz9Bzv/xsmj0MQDFw7n3Dtz7wliKQx63reztLyyurae2chubm3v7Lp7+1UTJZpDhUcy0vWAGZBCQQUFSqjHGlgYSKgFg+uxX7sHbUSkyjiMoRWynhJdwRlaqe0eNREeMC1rwVRPArXP3CVMChyOstm2m/Py3gR0kfgzkiMzlNruV7MT8SQEhVwyYxq+F2MrZRoFlzDKNhMDMeMD1oOGpYqFYFrp5IoRPbFKh3YjbUshnai/J1IWGjMMA9sZMuybeW8s/uc1EuxetlKh4gRB8elH3URSjOg4EtoRGjjKoSWMa2F3pbzPNONogxuH4M+fvEiqhbx/ni/cnuWKV7M4MuSQHJNT4pMLUiQ3pEQqhJNH8kxeyZvz5Lw4787HtHXJmc0ckD9wPn8AhPyYkg==</latexit>

Triangle inequality

<latexit sha1_base64="mTuL8Rzb4cbu/YDCqqVb6p4O+Ug="></latexit>

Quantum states have norm 1: ||| i|| = 1
Norm being 1 is associated with the
fact that measurement outcome
probabilities should sum to one. QM
equivalent of axiom 3 for classical
systems (slide 3.)



Hilbert Space: Inner-product (Dirac Notation)
<latexit sha1_base64="u8mw2HOvsMFWl6/WJDnSB1sERMU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaSIuix202UF+4A2lslk0g6dTOLMpFBCVm78FTcuFHHrN7jzb5ykWWjrgQuHc+7l3nvciFGpLOvbWFldW9/YLG2Vt3d29/bNg8OODGOBSRuHLBQ9F0nCKCdtRRUjvUgQFLiMdN1JI/O7UyIkDfmdmkXECdCIU59ipLQ0NE8GAVJjjFjSTAfkIabTXHDdpJHee0OzYlWtHHCZ2AWpgAKtofk18EIcB4QrzJCUfduKlJMgoShmJC0PYkkihCdoRPqachQQ6ST5Gyk804oH/VDo4grm6u+JBAVSzgJXd2Y3ykUvE//z+rHyr52E8ihWhOP5Ij9mUIUwywR6VBCs2EwThAXVt0I8RgJhpZMr6xDsxZeXSadWtS+rtduLSv2miKMEjsEpOAc2uAJ10AQt0AYYPIJn8ArejCfjxXg3PuatK0YxcwT+wPj8ATHNmZc=</latexit>

H ⌘ Cd

<latexit sha1_base64="4t9RzmK9apwtnf+HkIlnnJuUC8A="></latexit>

Inner-product: H⇥H ! C

<latexit sha1_base64="Y1d6CKtf0/49fyHkvpZhNbc3ZXY=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8ELx4xkUeEDZkdBpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiGW+wSEa6HVDDpVC8gQIlb8ea0zCQvBWMb2Z+65FrIyJ1j5OY+yEdKjEQjKKVHrrInzCtaTrtFUtu2Z2DrBIvIyXIUO8Vv7r9iCUhV8gkNabjuTH6KdUomOTTQjcxPKZsTIe8Y6miITd+Or94Ss6s0ieDSNtSSObq74mUhsZMwsB2hhRHZtmbif95nQQH134qVJwgV2yxaJBIghGZvU/6QnOGcmIJZVrYWwkbUU0Z2pAKNgRv+eVV0qyUvcty5e6iVK1lceThBE7hHDy4gircQh0awEDBM7zCm2OcF+fd+Vi05pxs5hj+wPn8Aee6kRM=</latexit>

Bra
<latexit sha1_base64="BJLTIS1SfurBDWKIJqHIwGAwmp4=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BL4KXCOaByRJmJ51kyOzsMtMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/+QjaiEjd4zgGP2QDJfqCM7TSQwfhCdNbwEm3WHLL7gx0mXgZKZEMtW7xq9OLeBKCQi6ZMW3PjdFPmUbBJUwKncRAzPiIDaBtqWIhGD+dXTyhJ1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1LPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUsGG4C2+vEwalbJ3Xq7cnZWqV1kceXJEjskp8cgFqZIbUiN1wokiz+SVvDnGeXHenY95a87JZg7JHzifP/6KkSI=</latexit>

Ket

<latexit sha1_base64="4t9RzmK9apwtnf+HkIlnnJuUC8A="></latexit>

Inner-product: H⇥H ! C

<latexit sha1_base64="9AA8MQQBrZOiPADtjn5f5VlHJh0="></latexit>

(| i, |�i) =
⇥
 ⇤
0  ⇤

1 . . .  ⇤
d�1

⇤
⇥

2

6664

�0
�1
...

�d�1

3

7775
=

d�1X

i=0

 ⇤
i �i

<latexit sha1_base64="aF3BUjhak0fJGRS47nE/iJD3QVU=">AAACI3icbVDNS8MwHE39nPOr6tFLcQgiONohKsJg6MXjBPcBa1fSNN3C0rQkqTBq/xcv/itePCjDiwf/F9NuB918EHh57/1Ifs+LKRHSNL+0peWV1bX10kZ5c2t7Z1ff22+LKOEIt1BEI971oMCUMNySRFLcjTmGoUdxxxvd5n7nEXNBIvYgxzF2QjhgJCAISiW5+rVNIRtQbMeCPNnxkNi8uNdtkYRuSupm1k/9MyvLAy7pn+YZl5QVXL1iVs0CxiKxZqQCZmi6+sT2I5SEmElEoRA9y4ylk0IuCaI4K9uJwDFEIzjAPUUZDLFw0mLHzDhWim8EEVeHSaNQf0+kMBRiHHoqGUI5FPNeLv7n9RIZXDkpYXEiMUPTh4KEGjIy8sIMn3CMJB0rAhEn6q8GGkIOkVS15iVY8ysvknatal1Ua/fnlcbNrI4SOARH4ARY4BI0wB1oghZA4Bm8gnfwob1ob9pE+5xGl7TZzAH4A+37B4AWpBM=</latexit>

h |�i =
d�1X

i=0

 ⇤
i �i

<latexit sha1_base64="FF1CfF+L6SnQ3052Gk27CHIQF18="></latexit>

h | ⌘
⇥
 ⇤
0  ⇤

1 . . .  ⇤
d�1

⇤

<latexit sha1_base64="l6d48rJCax6q5+ZTbEJTrDAyxHE="></latexit>

|�i ⌘

2

6664

�0

�1
...

�d�1

3

7775



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



Quantum randomness generation

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

|+i

<latexit sha1_base64="YsAjvnTCo6xVmuUukjybe/OUut0="></latexit>

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

2
|0i+ 1p

2
|1i =


1/

p
2

1/
p
2

�

<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

<latexit sha1_base64="oKVsvCwzkjp5aXGTldNpBNe1Sng=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqAg1Kd42haIblxXsBZpYJtNpO3QyCTMToaRduvFV3LhQxK2P4M63cZpmoa0/DHz85xzOnN8LGZXKsr6NzMLi0vJKdjW3tr6xuWVu79RlEAlMajhggWh6SBJGOakpqhhphoIg32Ok4Q2uJ/XGAxGSBvxODUPi+qjHaZdipLTVNverBeuoPHIY4j1GoDU6dkSCo/tS2T4ptc28VbQSwXmwU8iDVNW2+eV0Ahz5hCvMkJQt2wqVGyOhKGZknHMiSUKEB6hHWho58ol04+SQMTzUTgd2A6EfVzBxf0/EyJdy6Hu600eqL2drE/O/WitS3Us3pjyMFOF4uqgbMagCOEkFdqggWLGhBoQF1X+FuI8Ewkpnl9Mh2LMnz0O9VLTPi2e3p/nKVRpHFuyBA1AANrgAFXADqqAGMHgEz+AVvBlPxovxbnxMWzNGOrML/sj4/AHC9Jfr</latexit>

P (0) = |h0|+i|2 = 1/2
<latexit sha1_base64="dO1j1N4qzFpXyBa3+RvN0SRZlAw=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKkJNirdNoejGZQV7gSaWyXTaDp1MwsxEKGm3bnwVNy4UcesbuPNtnKRZaPWHgY//nMOZ83sho1JZ1peRW1hcWl7JrxbW1jc2t8ztnaYMIoFJAwcsEG0PScIoJw1FFSPtUBDke4y0vNFVUm/dEyFpwG/VOCSujwac9ilGSltdE9ZL9mF14jDEB4xAe3LkiBQnd5WqfVwpdM2iVbZSwb9gZ1AEmepd89PpBTjyCVeYISk7thUqN0ZCUczItOBEkoQIj9CAdDRy5BPpxuklU3ignR7sB0I/rmDq/pyIkS/l2Pd0p4/UUM7XEvO/WidS/Qs3pjyMFOF4tqgfMagCmMQCe1QQrNhYA8KC6r9CPEQCYaXDS0Kw50/+C81K2T4rn96cFGuXWRx5sAf2QQnY4BzUwDWogwbA4AE8gRfwajwaz8ab8T5rzRnZzC74JePjGwSgmAE=</latexit>

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

Computational basis 
measurement

<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="yDb6SaaOt+ANAg/BFojxdYFJe80=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ7+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AufSQYA==</latexit>

|1i

<latexit sha1_base64="ai+Uzos5oQE2eNbW5dtRMVgqEmM=">AAAB8HicbVDJSgNBEK2JW4xb1KOXwSAIQpgRt2PQi8cIZpFkCD2dmqRJd8/Q3SOEMV/hxYMiXv0cb/6NneWgiQ8KHu9VUVUvTDjTxvO+ndzS8srqWn69sLG5tb1T3N2r6zhVFGs05rFqhkQjZxJrhhmOzUQhESHHRji4GfuNR1SaxfLeDBMMBOlJFjFKjJUenk7aisgex06x5JW9CdxF4s9ICWaodopf7W5MU4HSUE60bvleYoKMKMMox1GhnWpMCB2QHrYslUSgDrLJwSP3yCpdN4qVLWncifp7IiNC66EIbacgpq/nvbH4n9dKTXQVZEwmqUFJp4uilLsmdsffu12mkBo+tIRQxeytLu0TRaixGRVsCP78y4ukflr2L8rnd2elyvUsjjwcwCEcgw+XUIFbqEINKAh4hld4c5Tz4rw7H9PWnDOb2Yc/cD5/ALCykFo=</latexit>

|+i

<latexit sha1_base64="NQapLtTzQcg9jzBiLK2z12vyqMA=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARBKEk4m1ZdOOygr1AE8pkOmmHTiZhZiKUtBs3voobF4q49R3c+TZO2yy09YeBj/+cw5nzBwlnSjvOt7WwuLS8slpYK65vbG5t2zu7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0E/ZtxvfFApWKxuNeDhPoR7goWMoK1sdr2gcex6HKKnOGJJ6c4dHJq2yWn7EyE5sHNoQS5qm37y+vEJI2o0IRjpVquk2g/w1Izwumo6KWKJpj0cZe2DAocUeVnkytG6Mg4HRTG0jyh0cT9PZHhSKlBFJjOCOuemq2Nzf9qrVSHV37GRJJqKsh0UZhypGM0jgR1mKRE84EBTCQzf0WkhyUm2gRXNCG4syfPQ/207F6Uz+/OSpXrPI4C7MMhHIMLl1CBW6hCDQg8wjO8wpv1ZL1Y79bHtHXBymf24I+szx+gJ5gJ</latexit>

h0|+i|0i

<latexit sha1_base64="2FwbmEUb8ZyF9a6EaSH8+DKQRRo=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARBKEk4m1ZdOOygr1AE8pkOmmHTiZhZiKUtBs3voobF4q49R3c+TZO2yy09YeBj/+cw5nzBwlnSjvOt7WwuLS8slpYK65vbG5t2zu7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0E/ZtxvfFApWKxuNeDhPoR7goWMoK1sdr2gcex6HKK3OGJJ6c4dHNq2yWn7EyE5sHNoQS5qm37y+vEJI2o0IRjpVquk2g/w1Izwumo6KWKJpj0cZe2DAocUeVnkytG6Mg4HRTG0jyh0cT9PZHhSKlBFJjOCOuemq2Nzf9qrVSHV37GRJJqKsh0UZhypGM0jgR1mKRE84EBTCQzf0WkhyUm2gRXNCG4syfPQ/207F6Uz+/OSpXrPI4C7MMhHIMLl1CBW6hCDQg8wjO8wpv1ZL1Y79bHtHXBymf24I+szx+jSZgL</latexit>

h1|+i|1i



Quantum randomness generation

<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

Computational basis 
measurement

<latexit sha1_base64="XmbX5D5Oyr6GUhFIGo7nudsV1T4="></latexit>

|�i = 1p
2
(|0i � |1i) = 1p

2
|0i � 1p

2
|1i =


1/

p
2

�1/
p
2

�

<latexit sha1_base64="yChjWu1o822xz8nZNlK5FtyxG0M=">AAAB8HicbVDJSgNBEK2JW4xb1KOXwSB4McyI2zHoxWMEs0gyhJ5OTdKku2fo7hHCmK/w4kERr36ON//GznLQxAcFj/eqqKoXJpxp43nfTm5peWV1Lb9e2Njc2t4p7u7VdZwqijUa81g1Q6KRM4k1wwzHZqKQiJBjIxzcjP3GIyrNYnlvhgkGgvQkixglxkoPTydtRWSPY6dY8sreBO4i8WekBDNUO8WvdjemqUBpKCdat3wvMUFGlGGU46jQTjUmhA5ID1uWSiJQB9nk4JF7ZJWuG8XKljTuRP09kRGh9VCEtlMQ09fz3lj8z2ulJroKMiaT1KCk00VRyl0Tu+Pv3S5TSA0fWkKoYvZWl/aJItTYjAo2BH/+5UVSPy37F+Xzu7NS5XoWRx4O4BCOwYdLqMAtVKEGFAQ8wyu8Ocp5cd6dj2lrzpnN7MMfOJ8/s8iQXA==</latexit>

|�i

<latexit sha1_base64="XCIw6ugN4HPcviP76nFF4a24iSM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF3EoBePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhrcTv/lElWZSPJhRTP0I9wULGcHGSo1a2T2+uu4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjZOKd145uz8tVW+yOPJwAIdQBg8uoAp3UIM6EHiEZ3iFN0c6L8678zFrzTnZzD78gfP5A+hCjg0=</latexit>

P (0) =?
<latexit sha1_base64="uB5NaGfcMaWV8JGM4ODbgjGCNYM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF3EoBePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhrcTv/lElWZSPJhRTP0I9wULGcHGSo1a2Tu+uu4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjZOKd145uz8tVW+yOPJwAIdQBg8uoAp3UIM6EHiEZ3iFN0c6L8678zFrzTnZzD78gfP5A+nJjg4=</latexit>

P (1) =?



Quantum randomness generation

<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

Computational basis 
measurement

<latexit sha1_base64="XmbX5D5Oyr6GUhFIGo7nudsV1T4="></latexit>

|�i = 1p
2
(|0i � |1i) = 1p

2
|0i � 1p

2
|1i =


1/

p
2

�1/
p
2

�

<latexit sha1_base64="yChjWu1o822xz8nZNlK5FtyxG0M=">AAAB8HicbVDJSgNBEK2JW4xb1KOXwSB4McyI2zHoxWMEs0gyhJ5OTdKku2fo7hHCmK/w4kERr36ON//GznLQxAcFj/eqqKoXJpxp43nfTm5peWV1Lb9e2Njc2t4p7u7VdZwqijUa81g1Q6KRM4k1wwzHZqKQiJBjIxzcjP3GIyrNYnlvhgkGgvQkixglxkoPTydtRWSPY6dY8sreBO4i8WekBDNUO8WvdjemqUBpKCdat3wvMUFGlGGU46jQTjUmhA5ID1uWSiJQB9nk4JF7ZJWuG8XKljTuRP09kRGh9VCEtlMQ09fz3lj8z2ulJroKMiaT1KCk00VRyl0Tu+Pv3S5TSA0fWkKoYvZWl/aJItTYjAo2BH/+5UVSPy37F+Xzu7NS5XoWRx4O4BCOwYdLqMAtVKEGFAQ8wyu8Ocp5cd6dj2lrzpnN7MMfOJ8/s8iQXA==</latexit>

|�i

<latexit sha1_base64="8zAW4UL2K6KTog9wANtc9eLuZHo=">AAACCHicbZC7TsMwFIadcivlFmBkwKJCKgMlqbgtlSpYGItEL1ITKsd1W6uOE9kOUpV2ZOFVWBhAiJVHYONtcNMM0PJLlj795xwdn98LGZXKsr6NzMLi0vJKdjW3tr6xuWVu79RlEAlMajhggWh6SBJGOakpqhhphoIg32Ok4Q2uJ/XGAxGSBvxODUPi+qjHaZdipLTVNverBeuoPHIY4j1GoDU6dkSCo/tS2T4ptc28VbQSwXmwU8iDVNW2+eV0Ahz5hCvMkJQt2wqVGyOhKGZknHMiSUKEB6hHWho58ol04+SQMTzUTgd2A6EfVzBxf0/EyJdy6Hu600eqL2drE/O/WitS3Us3pjyMFOF4uqgbMagCOEkFdqggWLGhBoQF1X+FuI8Ewkpnl9Mh2LMnz0O9VLTPi2e3p/nKVRpHFuyBA1AANrgAFXADqqAGMHgEz+AVvBlPxovxbnxMWzNGOrML/sj4/AHGGJft</latexit>

P (0) = |h0|�i|2 = 1/2
<latexit sha1_base64="kWwP+i7WzC9sTdMNDuEfrEvq/7U=">AAACCHicbZC7TsMwFIadcivlFmBkwKJCKgMlqbgtlSpYGItEL1ITKsd1W6uOE9kOUpV2ZOFVWBhAiJVHYONtcNMM0PJLlj795xwdn98LGZXKsr6NzMLi0vJKdjW3tr6xuWVu79RlEAlMajhggWh6SBJGOakpqhhphoIg32Ok4Q2uJ/XGAxGSBvxODUPi+qjHaZdipLTVNverBfuoPHIY4j1GoD06dkSCo/tS2T4ptc28VbQSwXmwU8iDVNW2+eV0Ahz5hCvMkJQt2wqVGyOhKGZknHMiSUKEB6hHWho58ol04+SQMTzUTgd2A6EfVzBxf0/EyJdy6Hu600eqL2drE/O/WitS3Us3pjyMFOF4uqgbMagCOEkFdqggWLGhBoQF1X+FuI8Ewkpnl9Mh2LMnz0O9VLTPi2e3p/nKVRpHFuyBA1AANrgAFXADqqAGMHgEz+AVvBlPxovxbnxMWzNGOrML/sj4/AHJTJfv</latexit>

P (1) = |h1|�i|2 = 1/2



Quantum randomness generation

<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="yDb6SaaOt+ANAg/BFojxdYFJe80=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ7+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AufSQYA==</latexit>

|1i

<latexit sha1_base64="XCIw6ugN4HPcviP76nFF4a24iSM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF3EoBePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhrcTv/lElWZSPJhRTP0I9wULGcHGSo1a2T2+uu4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjZOKd145uz8tVW+yOPJwAIdQBg8uoAp3UIM6EHiEZ3iFN0c6L8678zFrzTnZzD78gfP5A+hCjg0=</latexit>

P (0) =?
<latexit sha1_base64="uB5NaGfcMaWV8JGM4ODbgjGCNYM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF3EoBePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhrcTv/lElWZSPJhRTP0I9wULGcHGSo1a2Tu+uu4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjZOKd145uz8tVW+yOPJwAIdQBg8uoAp3UIM6EHiEZ3iFN0c6L8678zFrzTnZzD78gfP5A+nJjg4=</latexit>

P (1) =?

<latexit sha1_base64="XCIw6ugN4HPcviP76nFF4a24iSM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF3EoBePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhrcTv/lElWZSPJhRTP0I9wULGcHGSo1a2T2+uu4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjZOKd145uz8tVW+yOPJwAIdQBg8uoAp3UIM6EHiEZ3iFN0c6L8678zFrzTnZzD78gfP5A+hCjg0=</latexit>

P (0) =?
<latexit sha1_base64="uB5NaGfcMaWV8JGM4ODbgjGCNYM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfF3EoBePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1f7z5N06SPWhiQUNR1U13VxBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhrcTv/lElWZSPJhRTP0I9wULGcHGSo1a2Tu+uu4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjZOKd145uz8tVW+yOPJwAIdQBg8uoAp3UIM6EHiEZ3iFN0c6L8678zFrzTnZzD78gfP5A+nJjg4=</latexit>

P (1) =?



Quantum randomness generation

<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="S0uoeU2xC7N8mALg39VilHwBMrA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JirdNoejGZQV7gSaWyXTSDp1MwsxEKGlXbnwVNy4UceszuPNtnKZZaOsPAx//OYcz5/ciRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPrab31QISkIb9To4i4Aepz6lOMlLa65mG9ZJ1Uxw5DvM8ItMaWI1Ic31eqdtcsWmUrFVwEO4MiyFTvml9OL8RxQLjCDEnZsa1IuQkSimJGJgUnliRCeIj6pKORo4BIN0nPmMBj7fSgHwr9uIKp+3siQYGUo8DTnQFSAzlfm5r/1Tqx8i/dhPIoVoTj2SI/ZlCFcJoJ7FFBsGIjDQgLqv8K8QAJhJVOrqBDsOdPXoRmpWyfl89uT4u1qyyOPDgAR6AEbHABauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JHx+QPZzJd7</latexit>

P (0) = |h0|0i|2 = 1
<latexit sha1_base64="DT4a6LhEYwoSv7SB+XH9haP1nr8=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JirdNoejGZQV7gSaWyXTSDp1MwsxEKGlXbnwVNy4UceszuPNtnKZZaOsPAx//OYcz5/ciRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPrab31QISkIb9To4i4Aepz6lOMlLa65mG9ZJ9Uxw5DvM8ItMeWI1Ic31eqVtcsWmUrFVwEO4MiyFTvml9OL8RxQLjCDEnZsa1IuQkSimJGJgUnliRCeIj6pKORo4BIN0nPmMBj7fSgHwr9uIKp+3siQYGUo8DTnQFSAzlfm5r/1Tqx8i/dhPIoVoTj2SI/ZlCFcJoJ7FFBsGIjDQgLqv8K8QAJhJVOrqBDsOdPXoRmpWyfl89uT4u1qyyOPDgAR6AEbHABauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JHx+QPbeJd8</latexit>

P (1) = |h1|0i|2 = 0

<latexit sha1_base64="yDb6SaaOt+ANAg/BFojxdYFJe80=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ7+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AufSQYA==</latexit>

|1i

<latexit sha1_base64="Jy2JxSQLH55qaftUj0Ikx/k0Yb8=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JirdNoejGZQV7gSaWyXTSDp1MwsxEKGlXbnwVNy4UceszuPNtnKZZaOsPAx//OYcz5/ciRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPrab31QISkIb9To4i4Aepz6lOMlLa65mG9ZJ1Uxw5DvM8ItMa2I1Ic31eqVtcsWmUrFVwEO4MiyFTvml9OL8RxQLjCDEnZsa1IuQkSimJGJgUnliRCeIj6pKORo4BIN0nPmMBj7fSgHwr9uIKp+3siQYGUo8DTnQFSAzlfm5r/1Tqx8i/dhPIoVoTj2SI/ZlCFcJoJ7FFBsGIjDQgLqv8K8QAJhJVOrqBDsOdPXoRmpWyfl89uT4u1qyyOPDgAR6AEbHABauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JHx+QPZ2Jd7</latexit>

P (0) = |h0|1i|2 = 0
<latexit sha1_base64="EUUkWQnc8fm5jGwCrp+Y3UjbsUE=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEi1E2ZFG+bQtGNywr2Am0tmTTThmYyQ5IRyrQrN76KGxeKuPUZ3Pk2ptNZaOsPgY//nMPJ+d2QM6Ud59vKLC2vrK5l13Mbm1vbO/buXl0FkSS0RgIeyKaLFeVM0JpmmtNmKCn2XU4b7vB6Wm88UKlYIO70KKQdH/cF8xjB2lhd+7BaQCflcZtj0ecUojFqywTH96Uy6tp5p+gkgouAUsiDVNWu/dXuBSTyqdCEY6VayAl1J8ZSM8LpJNeOFA0xGeI+bRkU2KeqEydnTOCxcXrQC6R5QsPE/T0RY1+pke+aTh/rgZqvTc3/aq1Ie5edmIkw0lSQ2SIv4lAHcJoJ7DFJieYjA5hIZv4KyQBLTLRJLmdCQPMnL0K9VETnxbPb03zlKo0jCw7AESgABC5ABdyAKqgBAh7BM3gFb9aT9WK9Wx+z1oyVzuyDP7I+fwDejJd+</latexit>

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



Quantum 
Operations



Postulate I: Quantum states

<latexit sha1_base64="UiHTDEE2oIvF6bEoI+GiAidFhHA=">AAAB/HicbVDLTgJBEJzFF+JrlaOXicTEE9klRj0SvXjEKI8ECJkdGpgw+8hML3GzwV/x4kFjvPoh3vwbB9iDgpV0UqnqTneXF0mh0XG+rdza+sbmVn67sLO7t39gHx41dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xvfzPzmBJQWYfCASQRdnw0DMRCcoZF6drGD8IjpPTIEOgGOoZr27JJTduagq8TNSIlkqPXsr04/5LEPAXLJtG67ToTdlCkUXMK00Ik1RIyP2RDahgbMB91N58dP6alR+nQQKlMB0rn6eyJlvtaJ75lOn+FIL3sz8T+vHePgqpuKIIoRAr5YNIglxZDOkqB9ocy/MjGEcSXMrZSPmGIcTV4FE4K7/PIqaVTK7kW5cndeql5nceTJMTkhZ8Qll6RKbkmN1AknCXkmr+TNerJerHfrY9Gas7KZIvkD6/MHXXmVPQ==</latexit>

State vector

<latexit sha1_base64="q3vcD1OgDe5C36/8LMNr8z3V/oE=">AAACGXicbVC7SgNBFJ31bXxFLW0Gg2Bj2BVRSx+NpYJJhCSE2dm7OjiPZeauGJb8ho2/YmOhiKVW/o2TmEITb3U459zXiTMpHIbhVzAxOTU9Mzs3X1pYXFpeKa+u1Z3JLYcaN9LYq5g5kEJDDQVKuMosMBVLaMS3p329cQfWCaMvsZtBW7FrLVLBGXqqUw5bCPdYHNNkJxEKdN/IJL0DjsZSk1JuVCbhnupcxX5Or1OuhNVwUHQcRENQIcM675Q/WonhuZ+NXDLnmlGYYbtgFgWX0Cu1cgcZ47fsGpoeaqbAtYvBZz265ZmEpv6U1GikA/Z3R8GUc10Ve6dieONGtT75n9bMMT1sF0JnOYLmP4vSXFI0tB8TTYT1EciuB4xb4W+l/IZZxtGHUPIhRKMvj4P6bjXar+5e7FWOToZxzJENskm2SUQOyBE5I+ekRjh5IE/khbwGj8Fz8Ba8/1gngmHPOvlTwec3K4+hDA==</latexit>

A d-dimensional vector of complex numbers

<latexit sha1_base64="6TnTSzqfBeKaKkLB2t+27fEKNHM="></latexit>

A quantum state with d degrees of freedom is described by
<latexit sha1_base64="eXaUC3uE7odhCYfGzt8mi+OFhLg="></latexit>

a complex vector space with inner-product (Hilbert space)
<latexit sha1_base64="hDhq2l/YdClUB+EQHufdBAlqEXM=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5AUUY9FLx4r2A9oQ9lsN+3SzW7YnaglFPwrXjwo4tXf4c1/Y9LmoK0PBh7vzTAzL4gFN+C639bS8srq2nppo7y5tb2za+/tN41KNGUNqoTS7YAYJrhkDeAgWDvWjESBYK1gdJ37rXumDVfyDsYx8yMykDzklEAm9ezDLrBHSB84DLFUOsKeM8Hlnl1xHXcKvEi8glRQgXrP/ur2FU0iJoEKYkzHc2PwU6KBU8Em5W5iWEzoiAxYJ6OSRMz46fT8CT7JlD4Olc5KAp6qvydSEhkzjoKsMyIwNPNeLv7ndRIIL/2UyzgBJulsUZgIDArnWeA+14yCGGeEUM2zWzEdEk0oZInlIXjzLy+SZtXxzp3q7VmldlXEUUJH6BidIg9doBq6QXXUQBSl6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8ACAOU3g==</latexit>

with norm 1. <latexit sha1_base64="FmtLlO64FTBy74+VHgPOk+CAMLI=">AAACFXicbVBNS8NAEN3Ur1q/oh69BIvgQUpSRD0We+mxgv2AJpbNdtou3Wzi7qZQYv6EF/+KFw+KeBW8+W/cpj1o64OBx3szzMzzI0alsu1vI7eyura+kd8sbG3v7O6Z+wdNGcaCQIOELBRtH0tglENDUcWgHQnAgc+g5Y+qU781BiFpyG/VJAIvwANO+5RgpaWuefbgRpK6AvMBA5dyN8BqSDBLaqkL9zEdZ4LvJ9X0rtc1i3bJzmAtE2dOimiOetf8cnshiQPgijAsZcexI+UlWChKGKQFN5YQYTLCA+hoynEA0kuyr1LrRCs9qx8KXVxZmfp7IsGBlJPA153TG+WiNxX/8zqx6l95CeVRrICT2aJ+zCwVWtOIrB4VQBSbaIKJoPpWiwyxwETpIAs6BGfx5WXSLJeci1L55rxYuZ7HkUdH6BidIgddogqqoTpqIIIe0TN6RW/Gk/FivBsfs9acMZ85RH9gfP4Amz2gWQ==</latexit>

| i 2 H ⌘ Cd
<latexit sha1_base64="W4IhsE6WFYGbgZ9QiZ18IQP0dFA=">AAACAnicbVDLSsNAFL2pr1pfUVfiJlgEVyUpom6EohuXFewDmlAm00k7dDIJMxOhxOLGX3HjQhG3foU7/8ZJmoW2HpjhzDn3cuceP2ZUKtv+NkpLyyura+X1ysbm1vaOubvXllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/vs78zj0Rkkb8Tk1i4oVoyGlAMVJa6psHLkN8yIgbS/qQXa7I35dO36zaNTuHtUicglShQLNvfrmDCCch4QozJGXPsWPlpUgoihmZVtxEkhjhMRqSnqYchUR6ab7C1DrWysAKIqEPV1au/u5IUSjlJPR1ZYjUSM57mfif10tUcOGllMeJIhzPBgUJs1RkZXlYAyoIVmyiCcKC6r9aeIQEwkqnVtEhOPMrL5J2veac1eq3p9XGVRFHGQ7hCE7AgXNowA00oQUYHuEZXuHNeDJejHfjY1ZaMoqeffgD4/MHkwiXig==</latexit>

h | i = 1

<latexit sha1_base64="GAq+StwD1ypYbXYiNunF7Ro1TO8="></latexit>

Hilbert space = Complex Vector Space + Inner-product

<latexit sha1_base64="C8BvQFmH0KMnQGcMghSjRoUjs1Y="></latexit>

 i : Probability amplitude of degree of freedom i
<latexit sha1_base64="8xPELUfIvW2N1O+aMoA7ur5ZdLg=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkpSRL0IRS8eK9gPaGPYbDft0s0m7G6E2vaXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO822trK6tb2zmtvLbO7t7BXv/oKHiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHAz9ZuPVCoWi3s9TKgX4Z5gISNYG8m3C7USO70adxLFfDZ+qPh20Sk7M6Bl4makCBlqvv3V6cYkjajQhGOl2q6TaG+EpWaE00m+kyqaYDLAPdo2VOCIKm80O3yCTozSRWEsTQmNZurviRGOlBpGgemMsO6rRW8q/ue1Ux1eeiMmklRTQeaLwpQjHaNpCqjLJCWaDw3BRDJzKyJ9LDHRJqu8CcFdfHmZNCpl97xcuTsrVq+zOHJwBMdQAhcuoAq3UIM6EEjhGV7hzXqyXqx362PeumJlM4fwB9bnD8Ypkoc=</latexit>

P (i) = | i|2

<latexit sha1_base64="3s6rWRuq6zwKgClQ8Q1K0DPOIG0="></latexit>

| i ⌘

2

6664

 0

 1
...

 d�1

3

7775

<latexit sha1_base64="WlffnIUr8aqFCaGDEa3zdkDWdUk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIiKoJQ9OKxBfsBbSibzbZdutmE3YkYQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8LrsFxvq2V1bX1jc3CVnF7Z3dv3z44bOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x7dTv/3AlOaRvIc0Zl5IhpIPOCVgpL5d6gF7hKyR+ByuMJ7g4Lrat8tOxZkBLxM3J2WUo963v3pBRJOQSaCCaN11nRi8jCjgVLBJsZdoFhM6JkPWNVSSkGkvmx0/wSdGCfAgUqYk4Jn6eyIjodZp6JvOkMBIL3pT8T+vm8Dg0su4jBNgks4XDRKBIcLTJHDAFaMgUkMIVdzciumIKELB5FU0IbiLLy+TVrXinleqjbNy7SaPo4CO0DE6RS66QDV0h+qoiShK0TN6RW/Wk/VivVsf89YVK58poT+wPn8Acd+T+w==</latexit>

Qubit: d = 2
<latexit sha1_base64="hVtQ2LLeTwJHo49e0SuBbJnrxSI=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIiKh6k6MVjC/YD2lA2m227dLMJuxMxhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD8WXIPjfFsrq2vrG5uFreL2zu7evn1w2NJRoihr0khEquMTzQSXrAkcBOvEipHQF6ztj2+nfvuBKc0jeQ9pzLyQDCUfcErASH271AP2CFkjCThcYTzBwXW1b5edijMDXiZuTsooR71vf/WCiCYhk0AF0brrOjF4GVHAqWCTYi/RLCZ0TIasa6gkIdNeNjt+gk+MEuBBpExJwDP190RGQq3T0DedIYGRXvSm4n9eN4HBpZdxGSfAJJ0vGiQCQ4SnSeCAK0ZBpIYQqri5FdMRUYSCyatoQnAXX14mrWrFPa9UG2fl2k0eRwEdoWN0ilx0gWroDtVRE1GUomf0it6sJ+vFerc+5q0rVj5TQn9gff4AdoCT/g==</latexit>

Qudit: d > 2
<latexit sha1_base64="HsaoEBrxGsxyaOfBCOJvbcgQYDs=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQyCp7AbREUQgl48hQjmAckaZmdnkyGzD2d6xbAEL/6KFw+KePUrvPk3TpI9aGJBQ1HVTXeXGwuuwLK+jbn5hcWl5dxKfnVtfWPT3NquqyiRlNVoJCLZdIligoesBhwEa8aSkcAVrOH2L0d+455JxaPwBgYxcwLSDbnPKQEtdczdCm4De4AU3yUuB3WG8RB756XbSscsWEVrDDxL7IwUUIZqx/xqexFNAhYCFUSplm3F4KREAqeCDfPtRLGY0D7pspamIQmYctLxC0N8oBUP+5HUFQIeq78nUhIoNQhc3RkQ6KlpbyT+57US8E+dlIdxAiykk0V+IjBEeJQH9rhkFMRAE0Il17di2iOSUNCp5XUI9vTLs6ReKtrHxdL1UaF8kcWRQ3toHx0iG52gMrpCVVRDFD2iZ/SK3own48V4Nz4mrXNGNrOD/sD4/AEzFpYE</latexit>

N qubits: d = 2N



The ideal life of a qubit in a nutshell

<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="0gZ/jgrRU33k6wNDuEMDdAmTS7Q=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqy6MZlRfuAdiiZNNOGZjJDckcsQ934K25cKOLWv3Dn35hOZ6GtBwKHc+5Jco8fC67Bcb6twtLyyupacb20sbm1vWPv7jV1lCjKGjQSkWr7RDPBJWsAB8HasWIk9AVr+aOrqd+6Z0rzSN7BOGZeSAaSB5wSMFLPPugCe4D0FggwbJIxUZkz6dllp+JkwIvEzUkZ5aj37K9uP6JJyCRQQbTuuE4MXkoUcCrYpNRNtLmdjsiAdQyVJGTaS7MNJvjYKH0cRMocCThTfydSEmo9Dn0zGRIY6nlvKv7ndRIILryUyzgBJunsoSARGCI8rQP3uWIUxNgQQhU3f8V0aDqgYEormRLc+ZUXSfO04p5VqjfVcu0yr6OIDtEROkEuOkc1dI3qqIEoekTP6BW9WU/Wi/VufcxGC1ae2Ud/YH3+AGYUl4M=</latexit>

State preparation
<latexit sha1_base64="jYlwTgn1qah2Uyig0FDnGLFa5e8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRS1GPRizcr2A9oQ9lsp+3SzSbsTool9J948aCIV/+JN/+N2zQHbX0w8Hhvhpl5QSy4Rtf9tgpr6xubW8Xt0s7u3v6BfXjU1FGiGDRYJCLVDqgGwSU0kKOAdqyAhoGAVjC+nfutCSjNI/mI0xj8kA4lH3BG0Ug92+4iPGF6H4PKlFnPLrsVN4OzSryclEmOes/+6vYjloQgkQmqdcdzY/RTqpAzAbNSN9EQUzamQ+gYKmkI2k+zy2fOmVH6ziBSpiQ6mfp7IqWh1tMwMJ0hxZFe9ubif14nwcG1n3IZJwiSLRYNEuFg5MxjcPpcAUMxNYQyxc2tDhtRRRmasEomBG/55VXSvKh4l5XqQ7Vcu8njKJITckrOiUeuSI3ckTppEEYm5Jm8kjcrtV6sd+tj0Vqw8plj8gfW5w9SbZQe</latexit>

Operation
<latexit sha1_base64="TENAQfTWhfevRJ/5sOwOWZYMQ4Y=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl040aoYB/QhjKZ3rRDJw9mbqQl5FfcuFDErT/izr9x0mahrQcGDufcw71zvFhwhbb9bZTW1jc2t8rblZ3dvf0D87DaVlEiGbRYJCLZ9agCwUNoIUcB3VgCDTwBHW9ym/udJ5CKR+EjzmJwAzoKuc8ZRS0NzGofYYrpPVCVSAggxGxg1uy6PYe1SpyC1EiB5sD86g8jluRhJqhSPceO0U2pRM4EZJV+oiCmbEJH0NM0pAEoN53fnlmnWhlafiT1C9Gaq78TKQ2UmgWengwojtWyl4v/eb0E/Ws35WGcIIRsschPhIWRlRdhDbkEhmKmCWWS61stNqaSMtR1VXQJzvKXV0n7vO5c1i8eLmqNm6KOMjkmJ+SMOOSKNMgdaZIWYWRKnskreTMy48V4Nz4WoyWjyByRPzA+fwDtJ5UH</latexit>

Measurement
Circuit/GatesSource of quantum states

<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



Quantum operations: the intuition

<latexit sha1_base64="Hzll4qX8QnUJ3wP6IuiUzmURd1Y=">AAACJnicbZBNSwMxEIazflu/qh69BIvgqeyKqBfBj4tHBauFtpTZdFqD2WRJZsWy9Nd48a948aCIePOnmK5F/BoIvDwzw+R941RJR2H4FoyNT0xOTc/MlubmFxaXyssrF85kVmBNGGVsPQaHSmqskSSF9dQiJLHCy/j6eNi/vEHrpNHn1E+xlUBPy64UQB61y/ulJuEt5YeamxRtQXkCqeOgudRpRtwREHpNZshMRl9w0C5XwmpYFP8ropGosFGdtstPzY4RWYKahALnGlGYUisHS1IoHJSamcMUxDX0sOGlhgRdKy9sDviGJx3eNdY/Tbyg3zdySJzrJ7GfTICu3O/eEP7Xa2TU3WvlhVvU4vNQN1PcOx5mxjvSoiDV9wKElf6vXFyBBUE+2ZIPIfpt+a+42KpGO9Wts+3KwdEojhm2xtbZJovYLjtgJ+yU1Zhgd+yBPbHn4D54DF6C18/RsWC0s8p+VPD+AcylpgM=</latexit>

An operation maps an input state into an output state
<latexit sha1_base64="pKG1AuDu8mmV/8qm29psBOYhRfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v0Qq0zmw4yJfFituXV3AbROvILUoEB7WP3yRwlJYyoM4VjrgedKE2RYGUY4zSt+qqnEZIrHdGCpwDHVQba4OUcXVhmhKFG2hEEL9fdEhmOtZ3FoO2NsJnrVm4v/eYPURDeB/UemhgqyXBSlHJkEzQNAI6YoMXxmCSaK2VsRmWCFibExVWwI3urL66TbqHvNeuPhqta6LeIowxmcwyV4cA0tuIc2dICAhGd4hTcndV6cd+dj2VpyiplT+APn8wez3JIg</latexit>

p̄in
<latexit sha1_base64="5Dg5FCaroiit4v2TrdYToyjSZCU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA2lM120y7dbOLupFBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrJ7wZUZ8m0l8UpTnulsltx5yCrxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+bTYTQ1PKBvRAe9YqmjEjZ/Nj56Sc6v0SRhrWwrJXP09kdHImEkU2M6I4tAsezPxP6+TYnjjZ0IlKXLFFovCVBKMySwB0heaM5QTSyjTwt5K2JBqytDmVLQheMsvr5JmteJdVaoPl+XabR5HAU7hDC7Ag2uowT3UoQEMnuAZXuHNGTsvzrvzsWhdc/KZE/gD5/MHoaeSqw==</latexit>

p̄out

<latexit sha1_base64="QnmQyXGEqpqhp7OBQaevC0rastI=">AAAB6XicbVBNS8NAEJ34WeNX1aOXxSJ4KkkR9Vj0oMcq9gPaUDbbSbt0swm7G6GU/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcKWu72zu7dfPDhs6CRTDOssEYlqhVSj4BLrhhuBrVQhjUOBzXB4M/WbT6g0T+SjGaUYxLQvecQZNVZ6cG+7xZJX9mYgy8TPSQly1LrFr04vYVmM0jBBtW77XmqCMVWGM4ETt5NpTCkb0j62LZU0Rh2MZ5dOyKlVeiRKlC1pyEz9PTGmsdajOLSdMTUDvehNxf+8dmaiq2DMZZoZlGy+KMoEMQmZvk16XCEzYmQJZYrbWwkbUEWZseG4NgR/8eVl0qiU/Yty5f68VL3O4yjAMZzAGfhwCVW4gxrUgUEEz/AKb87QeXHenY9564qTzxzBHzifP9JVjOY=</latexit>

G

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

S

<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="NnKABpamI3I8TEk83ghRkpemeXw="></latexit>

If input and output are vectors, what is the transformation?

<latexit sha1_base64="3hgy3PF5AqndXYXVwWcqxUgYACI=">AAAB+nicbVDLSgNBEJyNrxhfGz162RgET2E3iHoMevEiRDAPSJYwO+lNhsw+mOlVw5pP8eJBEa9+iTf/xkmyB00saCiquunu8mLBFdr2t5FbWV1b38hvFra2d3b3zOJ+U0WJZNBgkYhk26MKBA+hgRwFtGMJNPAEtLzR1dRv3YNUPArvcByDG9BByH3OKGqpZxa7CI+Y3lCUnIEqlSY9s2xX7BmsZeJkpEwy1HvmV7cfsSSAEJmgSnUcO0Y3pRI5EzApdBMFMWUjOoCOpiENQLnp7PSJdayVvuVHUleI1kz9PZHSQKlx4OnOgOJQLXpT8T+vk6B/4aY8jBOEkM0X+YmwMLKmOVh9LoGhGGtCmeT6VosNqaQMdVoFHYKz+PIyaVYrzlmlentarl1mceTJITkiJ8Qh56RGrkmdNAgjD+SZvJI348l4Md6Nj3lrzshmDsgfGJ8/KRaT7w==</latexit>

Matrices!!



NOT gate

<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="VjmSe8lpgWGkEgvkRC2zMp9uo9E=">AAACYnicbZFLSwMxFIUzo9UatbZ2qYtgUVyVGRF1IxTduKxgH9ApJZPetqGZzJBkxDL0T7pz5cYfYvoAdeqFwOGe75KbkzARXBvP+3Dcre3Czm5xD+8fHJaOypXjto5TxaDFYhGrbkg1CC6hZbgR0E0U0CgU0Amnjwu/8wpK81i+mFkC/YiOJR9xRo1tDcqzIIQxl1kYUaP425xgj1wQnwQBwb5VHg5ADn/sHI6XKM5R93nKW0D+X2hQrnl1b1lkU/hrUUPrag7K78EwZmkE0jBBte75XmL6GVWGMwFzHKQaEsqmdAw9KyWNQPezZURzcm47QzKKlT3SkGX390RGI61nUWhJu99E571F8z+vl5rRXT/jMkkNSLa6aJQKYmKyyJsMuQJmxMwKyhS3uxI2oYoyY38F2xD8/JM3Rfuq7t/Ur56va42HdRxFdILO0CXy0S1qoCfURC3E0KdTcErOkfPlYrfiVleo66xnquhPuaffcmmz2A==</latexit>
0 1
1 0

� 
1
0

�
=


0
1

�

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

X

<latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> {

<latexit sha1_base64="QRTK2n7JeH8eHk0xqk74w3wdzQI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkqMeiF48V7Ac0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcKZAtv+Nipr6xubW9Xt2s7u3v6BeXjUU3EqCe2SmMdyEGBFORO0Cww4HSSS4ijgtB9Mb2Z+/4FKxWJxD1lCvQiPBQsZwaAl36y7AZZ5Uvi5C/QRciaKwjcbdtOew1olTkkaqETHN7/cUUzSiAogHCs1dOwEvBxLYITTouamiiaYTPGYDjUVOKLKy+fHF9apVkZWGEtdAqy5+nsix5FSWRTozgjDRC17M/E/b5hCeOXph5IUqCCLRWHKLYitWRLWiElKgGeaYCKZvtUiEywxAZ1XTYfgLL+8SnrnTeei2bprNdrXZRxVdIxO0Bly0CVqo1vUQV1EUIae0St6M56MF+Pd+Fi0Voxypo7+wPj8AQ62lbI=</latexit>

p̄in
<latexit sha1_base64="EQAyzFVEEy3AFQUuwx0siSRNBzs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUATwmQ6aYdOZsLMjVhD8FfcuFDErf/hzr9x+lho64ELh3Pu5d57opQzDa77bS0tr6yurZc2yptb2zu79t5+S8tMEdokkkvVibCmnAnaBAacdlJFcRJx2o6G12O/fU+VZlLcwSilQYL7gsWMYDBSaB/6EVZ5WoS5D/QBcplBUYR2xa26EziLxJuRCpqhEdpffk+SLKECCMdadz03hSDHChjhtCj7maYpJkPcp11DBU6oDvLJ9YVzYpSeE0tlSoAzUX9P5DjRepREpjPBMNDz3lj8z+tmEF8GORNpBlSQ6aI44w5IZxyF02OKEuAjQzBRzNzqkAFWmIAJrGxC8OZfXiSts6p3Xq3d1ir1q1kcJXSEjtEp8tAFqqMb1EBNRNAjekav6M16sl6sd+tj2rpkzWYO0B9Ynz//vJY9</latexit>

p̄out
<latexit sha1_base64="wDU6/ZTGz1MUlK4KNFdWub6cOEg=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUmkqBuh6MZlBfuAJoTJdNIOnTyYuRFLyDe48VfcuFDErSt3/o3TNgttPTBwOOde7pzjJ4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttFaeSshaNRSy7PlFM8Ii1gINg3UQyEvqCdfzR9cTv3DOpeBzdwThhbkgGEQ84JaAlzzxxfCKzJPcyB9gDZHEKeX7ZnVN5lOeeWbVq1hR4kdgFqaICTc/8cvoxTUMWARVEqZ5tJeBmRAKnguUVJ1UsIXREBqynaURCptxsGinHR1rp4yCW+kWAp+rvjYyESo1DX0+GBIZq3puI/3m9FIILVwdKUmARnR0KUoEhxpN+cJ9LRkGMNSFUcv1XTIdEEgq6xYouwZ6PvEjapzX7rFa/rVcbV0UdZXSADtExstE5aqAb1EQtRNEjekav6M14Ml6Md+NjNloyip199AfG5w981J/k</latexit>

p̄out = Xp̄in

<latexit sha1_base64="fzFIIKv0oDwuy83zYT5oJHUw+sM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbbbt0swm7k0IJ/RdePCji1X/jzX/jps1BWx8MPN6bYWZeEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grGd5nfmnBtRKQecRpzP6RDJQaCUbTSUzegOp3Mel6pV664VXcOskq8nFQgR71X/ur2I5aEXCGT1JiO58bop1SjYJLPSt3E8JiyMR3yjqWKhtz46fziGTmzSp8MIm1LIZmrvydSGhozDQPbGVIcmWUvE//zOgkObvxUqDhBrthi0SCRBCOSvU/6QnOGcmoJZVrYWwkbUU0Z2pCyELzll1dJ86LqXVUvHy4rtds8jiKcwCmcgwfXUIN7qEMDGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/BiSQgA==</latexit>

v̄1
<latexit sha1_base64="HezXbXMEfKrnRqzGKXkELZoLwNY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ie0S8mm2TY0yS5JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHdzO/NWba8Fg92knCAkkGikecEuukp25IdDae9rxeueJVvTnwKvFzUoEc9V75q9uPaSqZslQQYzq+l9ggI9pyKti01E0NSwgdkQHrOKqIZCbI5gdP8ZlT+jiKtStl8Vz9PZERacxEhq5TEjs0y95M/M/rpDa6CTKuktQyRReLolRgG+PZ97jPNaNWTBwhVHN3K6ZDogm1LqOSC8FffnmVNC+q/lX18uGyUrvN4yjCCZzCOfhwDTW4hzo0gIKEZ3iFN6TRC3pHH4vWAspnjuEP0OcPzOaQaw==</latexit>

v̄0

<latexit sha1_base64="q/aSbUEp/RC5mM7PbYYFUf+zEUM="></latexit>

p̄ =


p0
p1

�
= p0


1
0

�
+ p1


0
1

�
= p0v̄0 + p1v̄1

<latexit sha1_base64="tplV+Wdit6dMlddQGecCZwp+aow=">AAACHXicbZBLSwMxEMez9VXrq+rRS7AInsquFBVBqHrxWME+oLss2TRtQ7MPktliWfaLePGrePGgiAcv4rcx21bR1iGBX/4zw2T+XiS4AtP8NHILi0vLK/nVwtr6xuZWcXunocJYUlanoQhlyyOKCR6wOnAQrBVJRnxPsKY3uMryzSGTiofBLYwi5vikF/AupwS05BYrNrA7SC5o9sT6YJxi2yMyGaaueYZbP3z+TVbBLZbMsjkOPA/WFEpoGjW3+G53Qhr7LAAqiFJty4zASYgETgVLC3asWETogPRYW2NAfKacZLxdig+00sHdUOobAB6rvzsS4is18j1d6RPoq9lcJv6Xa8fQPXUSHkQxsIBOBnVjgSHEmVW4wyWjIEYaCJVc/xXTPpGEgjY0M8GaXXkeGkdl67hcuamUqpdTO/JoD+2jQ2ShE1RF16iG6oiie/SIntGL8WA8Ga/G26Q0Z0x7dtGfMD6+ACWtoVQ=</latexit>

Action on v̄0 : Xv̄0 = v̄1

<latexit sha1_base64="n/OdclNJUgWvBx9wHozJ5wcf9lE=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF08aIRskQ+jpVJImPQvdNWIc8iVePCji1U/x5t/YSeag0QcFj/eqqKrnx1JodJwvK7e0vLK6ll8vbGxubRftnd2GjhLFoc4jGamWzzRIEUIdBUpoxQpY4Eto+qOrqd+8B6VFFNZwHIMXsEEo+oIzNFLXLnYQHjC9ua3RAUOYdO2SU3ZmoH+Jm5ESyVDt2p+dXsSTAELkkm nddp0YvZQpFFzCpNBJNMSMj9gA2oaGLADtpbPDJ/TQKD3aj5SpEOlM/TmRskDrceCbzoDhUC96U/E/r51g/8JLRRgnCCGfL+onkmJEpynQnlDAUY4NYVwJcyvlQ6YYR5NVwYTgLr78lzSOy+5Z+fTupFS5zOLIk31yQI6IS85JhVyTKqkTThLyRF7Iq/VoPVtv1vu8NWdlM3vkF6yPb6G1kxY=</latexit>

NOT gate



Example 1: Quantum NOT gate

<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="VjmSe8lpgWGkEgvkRC2zMp9uo9E=">AAACYnicbZFLSwMxFIUzo9UatbZ2qYtgUVyVGRF1IxTduKxgH9ApJZPetqGZzJBkxDL0T7pz5cYfYvoAdeqFwOGe75KbkzARXBvP+3Dcre3Czm5xD+8fHJaOypXjto5TxaDFYhGrbkg1CC6hZbgR0E0U0CgU0Amnjwu/8wpK81i+mFkC/YiOJR9xRo1tDcqzIIQxl1kYUaP425xgj1wQnwQBwb5VHg5ADn/sHI6XKM5R93nKW0D+X2hQrnl1b1lkU/hrUUPrag7K78EwZmkE0jBBte75XmL6GVWGMwFzHKQaEsqmdAw9KyWNQPezZURzcm47QzKKlT3SkGX390RGI61nUWhJu99E571F8z+vl5rRXT/jMkkNSLa6aJQKYmKyyJsMuQJmxMwKyhS3uxI2oYoyY38F2xD8/JM3Rfuq7t/Ur56va42HdRxFdILO0CXy0S1qoCfURC3E0KdTcErOkfPlYrfiVleo66xnquhPuaffcmmz2A==</latexit>
0 1
1 0

� 
1
0

�
=


0
1

�

<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="HOlVYG5WEw21CZFIuLQQMaHt+bo=">AAACHXicbZBNSwMxEIazftb6VfXoJVgET2VXioogVL14rGC10JaSTac1NJtdklmxbPtHvPhXvHhQxIMX8d+YbRfxa0jgyTszTOb1IykMuu6HMzU9Mzs3n1vILy4tr6wW1tYvTRhrDjUeylDXfWZACgU1FCihHmlggS/hyu+fpvmrG9BGhOoCBxG0AtZTois4Qyu1C+Umwi0mxzx9UnsoHdGh29RM9SQc0voXHw29jPLtQtEtueOgf8HLoEiyqLYLb81OyOMAFHLJjGl4boSthGkUXMIo34wNRIz3WQ8aFhULwLSS8XYjum2VDu2G2l6FdKx+70hYYMwg8G1lwPDa/M6l4n+5Rozdg1YiVBQjKD4Z1I0lxZCmVtGO0MBRDiwwroX9K+XXTDOO1tDUBO/3yn/hcrfk7ZV2z8vFyklmR45ski2yQzyyTyrkjFRJjXByRx7IE3l27p1H58V5nZROOVnPBvkRzvsn5M2hKw==</latexit>

Action on |0i : X|0i = |1i

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

|0i
<latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="pd7pRN7WADTuLQQR0DC7H0IQGVQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuP6QXQ==</latexit>

|1i

<latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> {

<latexit sha1_base64="n/OdclNJUgWvBx9wHozJ5wcf9lE=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF08aIRskQ+jpVJImPQvdNWIc8iVePCji1U/x5t/YSeag0QcFj/eqqKrnx1JodJwvK7e0vLK6ll8vbGxubRftnd2GjhLFoc4jGamWzzRIEUIdBUpoxQpY4Eto+qOrqd+8B6VFFNZwHIMXsEEo+oIzNFLXLnYQHjC9ua3RAUOYdO2SU3ZmoH+Jm5ESyVDt2p+dXsSTAELkkmnddp0YvZQpFFzCpNBJNMSMj9gA2oaGLADtpbPDJ/TQKD3aj5SpEOlM/TmRskDrceCbzoDhUC96U/E/r51g/8JLRRgnCCGfL+onkmJEpynQnlDAUY4NYVwJcyvlQ6YYR5NVwYTgLr78lzSOy+5Z+fTupFS5zOLIk31yQI6IS85JhVyTKqkTThLyRF7Iq/VoPVtv1vu8NWdlM3vkF6yPb6G1kxY=</latexit>

NOT gate



Example 1: Quantum NOT gate

<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="VjmSe8lpgWGkEgvkRC2zMp9uo9E=">AAACYnicbZFLSwMxFIUzo9UatbZ2qYtgUVyVGRF1IxTduKxgH9ApJZPetqGZzJBkxDL0T7pz5cYfYvoAdeqFwOGe75KbkzARXBvP+3Dcre3Czm5xD+8fHJaOypXjto5TxaDFYhGrbkg1CC6hZbgR0E0U0CgU0Amnjwu/8wpK81i+mFkC/YiOJR9xRo1tDcqzIIQxl1kYUaP425xgj1wQnwQBwb5VHg5ADn/sHI6XKM5R93nKW0D+X2hQrnl1b1lkU/hrUUPrag7K78EwZmkE0jBBte75XmL6GVWGMwFzHKQaEsqmdAw9KyWNQPezZURzcm47QzKKlT3SkGX390RGI61nUWhJu99E571F8z+vl5rRXT/jMkkNSLa6aJQKYmKyyJsMuQJmxMwKyhS3uxI2oYoyY38F2xD8/JM3Rfuq7t/Ur56va42HdRxFdILO0CXy0S1qoCfURC3E0KdTcErOkfPlYrfiVleo66xnquhPuaffcmmz2A==</latexit>
0 1
1 0

� 
1
0

�
=


0
1

�

<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="HOlVYG5WEw21CZFIuLQQMaHt+bo=">AAACHXicbZBNSwMxEIazftb6VfXoJVgET2VXioogVL14rGC10JaSTac1NJtdklmxbPtHvPhXvHhQxIMX8d+YbRfxa0jgyTszTOb1IykMuu6HMzU9Mzs3n1vILy4tr6wW1tYvTRhrDjUeylDXfWZACgU1FCihHmlggS/hyu+fpvmrG9BGhOoCBxG0AtZTois4Qyu1C+Umwi0mxzx9UnsoHdGh29RM9SQc0voXHw29jPLtQtEtueOgf8HLoEiyqLYLb81OyOMAFHLJjGl4boSthGkUXMIo34wNRIz3WQ8aFhULwLSS8XYjum2VDu2G2l6FdKx+70hYYMwg8G1lwPDa/M6l4n+5Rozdg1YiVBQjKD4Z1I0lxZCmVtGO0MBRDiwwroX9K+XXTDOO1tDUBO/3yn/hcrfk7ZV2z8vFyklmR45ski2yQzyyTyrkjFRJjXByRx7IE3l27p1H58V5nZROOVnPBvkRzvsn5M2hKw==</latexit>

Action on |0i : X|0i = |1i

<latexit sha1_base64="kV+WAS3eNDMUEYfAysv8Yv6gYnI=">AAACHXicbZBNSwMxEIazftb6VfXoJVgET2VXioogVL14rGC10JaSTac1NJtdklmxbPtHvPhXvHhQxIMX8d+YbRfxa0jgyTszTOb1IykMuu6HMzU9Mzs3n1vILy4tr6wW1tYvTRhrDjUeylDXfWZACgU1FCihHmlggS/hyu+fpvmrG9BGhOoCBxG0AtZTois4Qyu1C+Umwi0mxzx9UnsoHdGh19RM9SQc0voXHw3djPLtQtEtueOgf8HLoEiyqLYLb81OyOMAFHLJjGl4boSthGkUXMIo34wNRIz3WQ8aFhULwLSS8XYjum2VDu2G2l6FdKx+70hYYMwg8G1lwPDa/M6l4n+5Rozdg1YiVBQjKD4Z1I0lxZCmVtGO0MBRDiwwroX9K+XXTDOO1tDUBO/3yn/hcrfk7ZV2z8vFyklmR45ski2yQzyyTyrkjFRJjXByRx7IE3l27p1H58V5nZROOVnPBvkRzvsn5nmhLA==</latexit>

Action on |1i : X|1i = |0i
<latexit sha1_base64="AoRzLazzcD8o4+dlHhxA4j/BPhw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8At3OQXA==</latexit>

|0i
<latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="pd7pRN7WADTuLQQR0DC7H0IQGVQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuP6QXQ==</latexit>

|1i

<latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> {

<latexit sha1_base64="n/OdclNJUgWvBx9wHozJ5wcf9lE=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF08aIRskQ+jpVJImPQvdNWIc8iVePCji1U/x5t/YSeag0QcFj/eqqKrnx1JodJwvK7e0vLK6ll8vbGxubRftnd2GjhLFoc4jGamWzzRIEUIdBUpoxQpY4Eto+qOrqd+8B6VFFNZwHIMXsEEo+oIzNFLXLnYQHjC9ua3RAUOYdO2SU3ZmoH+Jm5ESyVDt2p+dXsSTAELkkmnddp0YvZQpFFzCpNBJNMSMj9gA2oaGLADtpbPDJ/TQKD3aj5SpEOlM/TmRskDrceCbzoDhUC96U/E/r51g/8JLRRgnCCGfL+onkmJEpynQnlDAUY4NYVwJcyvlQ6YYR5NVwYTgLr78lzSOy+5Z+fTupFS5zOLIk31yQI6IS85JhVyTKqkTThLyRF7Iq/VoPVtv1vu8NWdlM3vkF6yPb6G1kxY=</latexit>

NOT gate



Example 1: Quantum NOT gate

<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="VjmSe8lpgWGkEgvkRC2zMp9uo9E=">AAACYnicbZFLSwMxFIUzo9UatbZ2qYtgUVyVGRF1IxTduKxgH9ApJZPetqGZzJBkxDL0T7pz5cYfYvoAdeqFwOGe75KbkzARXBvP+3Dcre3Czm5xD+8fHJaOypXjto5TxaDFYhGrbkg1CC6hZbgR0E0U0CgU0Amnjwu/8wpK81i+mFkC/YiOJR9xRo1tDcqzIIQxl1kYUaP425xgj1wQnwQBwb5VHg5ADn/sHI6XKM5R93nKW0D+X2hQrnl1b1lkU/hrUUPrag7K78EwZmkE0jBBte75XmL6GVWGMwFzHKQaEsqmdAw9KyWNQPezZURzcm47QzKKlT3SkGX390RGI61nUWhJu99E571F8z+vl5rRXT/jMkkNSLa6aJQKYmKyyJsMuQJmxMwKyhS3uxI2oYoyY38F2xD8/JM3Rfuq7t/Ur56va42HdRxFdILO0CXy0S1qoCfURC3E0KdTcErOkfPlYrfiVleo66xnquhPuaffcmmz2A==</latexit>
0 1
1 0

� 
1
0

�
=


0
1

�

<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="HOlVYG5WEw21CZFIuLQQMaHt+bo=">AAACHXicbZBNSwMxEIazftb6VfXoJVgET2VXioogVL14rGC10JaSTac1NJtdklmxbPtHvPhXvHhQxIMX8d+YbRfxa0jgyTszTOb1IykMuu6HMzU9Mzs3n1vILy4tr6wW1tYvTRhrDjUeylDXfWZACgU1FCihHmlggS/hyu+fpvmrG9BGhOoCBxG0AtZTois4Qyu1C+Umwi0mxzx9UnsoHdGh29RM9SQc0voXHw29jPLtQtEtueOgf8HLoEiyqLYLb81OyOMAFHLJjGl4boSthGkUXMIo34wNRIz3WQ8aFhULwLSS8XYjum2VDu2G2l6FdKx+70hYYMwg8G1lwPDa/M6l4n+5Rozdg1YiVBQjKD4Z1I0lxZCmVtGO0MBRDiwwroX9K+XXTDOO1tDUBO/3yn/hcrfk7ZV2z8vFyklmR45ski2yQzyyTyrkjFRJjXByRx7IE3l27p1H58V5nZROOVnPBvkRzvsn5M2hKw==</latexit>

Action on |0i : X|0i = |1i

<latexit sha1_base64="kV+WAS3eNDMUEYfAysv8Yv6gYnI=">AAACHXicbZBNSwMxEIazftb6VfXoJVgET2VXioogVL14rGC10JaSTac1NJtdklmxbPtHvPhXvHhQxIMX8d+YbRfxa0jgyTszTOb1IykMuu6HMzU9Mzs3n1vILy4tr6wW1tYvTRhrDjUeylDXfWZACgU1FCihHmlggS/hyu+fpvmrG9BGhOoCBxG0AtZTois4Qyu1C+Umwi0mxzx9UnsoHdGh19RM9SQc0voXHw3djPLtQtEtueOgf8HLoEiyqLYLb81OyOMAFHLJjGl4boSthGkUXMIo34wNRIz3WQ8aFhULwLSS8XYjum2VDu2G2l6FdKx+70hYYMwg8G1lwPDa/M6l4n+5Rozdg1YiVBQjKD4Z1I0lxZCmVtGO0MBRDiwwroX9K+XXTDOO1tDUBO/3yn/hcrfk7ZV2z8vFyklmR45ski2yQzyyTyrkjFRJjXByRx7IE3l27p1H58V5nZROOVnPBvkRzvsn5nmhLA==</latexit>

Action on |1i : X|1i = |0i
<latexit sha1_base64="Ay1hHgYMC1Zq3DPQEmoIb48aopU="></latexit>

Action on | i = ↵|0i+ �|1i

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

|0i
<latexit sha1_base64="V3DOLh1JOlqEHOI38yM+kkz/Pm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fuAOM4w==</latexit>

X
<latexit sha1_base64="pd7pRN7WADTuLQQR0DC7H0IQGVQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuP6QXQ==</latexit>

|1i

<latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> { <latexit sha1_base64="ZRfkIX7JiyChM8tzc2EfU2Cp4yk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV77Jau7+o1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB53OjWw=</latexit> {

<latexit sha1_base64="u1WWwifeaK51GgEUtMh4B13FzP0="></latexit>

X| i = X(↵|0i+ �|1i) = ↵X|0i+ �X|1i = �|0i+ ↵|1i

<latexit sha1_base64="n/OdclNJUgWvBx9wHozJ5wcf9lE=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF08aIRskQ+jpVJImPQvdNWIc8iVePCji1U/x5t/YSeag0QcFj/eqqKrnx1JodJwvK7e0vLK6ll8vbGxubRftnd2GjhLFoc4jGamWzzRIEUIdBUpoxQpY4Eto+qOrqd+8B6VFFNZwHIMXsEEo+oIzNFLXLnYQHjC9ua3RAUOYdO2SU3ZmoH+Jm5ESyVDt2p+dXsSTAELkkmnddp0YvZQpFFzCpNBJNMSMj9gA2oaGLADtpbPDJ/TQKD3aj5SpEOlM/TmRskDrceCbzoDhUC96U/E/r51g/8JLRRgnCCGfL+onkmJEpynQnlDAUY4NYVwJcyvlQ6YYR5NVwYTgLr78lzSOy+5Z+fTupFS5zOLIk31yQI6IS85JhVyTKqkTThLyRF7Iq/VoPVtv1vu8NWdlM3vkF6yPb6G1kxY=</latexit>

NOT gate



Example 2: Z gate

<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="Ay1hHgYMC1Zq3DPQEmoIb48aopU="></latexit>

Action on | i = ↵|0i+ �|1i

<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="Im8D+o0Xcydym26QCqYd7QlWrwc=">AAACFnicbVBNS8NAEN34WetX1aOXYBG8tCRF1ItQ9OKxgv3AppTJdtIu3WzC7kYoaX+FF/+KFw+KeBVv/huTNgdtfbDw5r0ZZue5IWdKW9a3sbS8srq2ntvIb25t7+wW9vYbKogkxToNeCBbLijkTGBdM82xFUoE3+XYdIfXqd98QKlYIO70KMSOD33BPEZBJ1K3ULofO6FijgTR53jpAA8HMLayuuS4qGFsZ2W+WyhaZWsKc5HYGSmSDLVu4cvpBTTyUWjKQam2bYW6E4PUjHKc5J1IYQh0CH1sJ1SAj6oTT8+amMeJ0jO9QCZPaHOq/p6IwVdq5LtJpw96oOa9VPzPa0fau+jETISRRkFni7yImzow04zMHpNINR8lBKhkyV9NOgAJVCdJpiHY8ycvkkalbJ+VK7enxepVFkeOHJIjckJsck6q5IbUSJ1Q8kieySt5M56MF+Pd+Ji1LhnZzAH5A+PzB402n5g=</latexit>

Z| i = ↵|0i � �|1i

<latexit sha1_base64="MLeLPBTLlNiRT6IJTnmIaMKFKgU="></latexit>
1 0
0 �1

� 
↵
�

�
=


↵
��

�

<latexit sha1_base64="cegm/VNoWVb+xEJSi/nmjil7hfw=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEw8kV3j60j04hETeUTYkNmhgQmzs+tML5Fs+A4vHjTGqx/jzb9xgD0oWEknlarudHcFsRQGXffbWVpeWV1bz23kN7e2d3YLe/s1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4ObiV8fgjYiUvc4isEPWU+JruAMreS3EJ4wfaA9hjBuF4puyZ2CLhIvI0WSodIufLU6EU9CUMglM6bpuT H6KdMouIRxvpUYiBkfsB40LVUsBOOn06PH9NgqHdqNtC2FdKr+nkhZaMwoDGxnyLBv5r2J+J/XTLB75adCxQmC4rNF3URSjOgkAdoRGjjKkSWMa2FvpbzPNONoc8rbELz5lxdJ7bTkXZTO786K5essjhw5JEfkhHjkkpTJLamQKuHkkTyTV/LmDJ0X5935mLUuOdnMAfkD5/MH8V+SOg==</latexit>

Z gate



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.



Example 2: Z gate

<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="Ay1hHgYMC1Zq3DPQEmoIb48aopU="></latexit>

Action on | i = ↵|0i+ �|1i

<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="Im8D+o0Xcydym26QCqYd7QlWrwc=">AAACFnicbVBNS8NAEN34WetX1aOXYBG8tCRF1ItQ9OKxgv3AppTJdtIu3WzC7kYoaX+FF/+KFw+KeBVv/huTNgdtfbDw5r0ZZue5IWdKW9a3sbS8srq2ntvIb25t7+wW9vYbKogkxToNeCBbLijkTGBdM82xFUoE3+XYdIfXqd98QKlYIO70KMSOD33BPEZBJ1K3ULofO6FijgTR53jpAA8HMLayuuS4qGFsZ2W+WyhaZWsKc5HYGSmSDLVu4cvpBTTyUWjKQam2bYW6E4PUjHKc5J1IYQh0CH1sJ1SAj6oTT8+amMeJ0jO9QCZPaHOq/p6IwVdq5LtJpw96oOa9VPzPa0fau+jETISRRkFni7yImzow04zMHpNINR8lBKhkyV9NOgAJVCdJpiHY8ycvkkalbJ+VK7enxepVFkeOHJIjckJsck6q5IbUSJ1Q8kieySt5M56MF+Pd+Ji1LhnZzAH5A+PzB402n5g=</latexit>

Z| i = ↵|0i � �|1i

<latexit sha1_base64="MLeLPBTLlNiRT6IJTnmIaMKFKgU="></latexit>
1 0
0 �1

� 
↵
�

�
=


↵
��

�

<latexit sha1_base64="Q4ob6V9om7GgmOOXqEUD6IaRnB0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCpVAmRdSNUHTjsoK9QKeUTJppQzOZMckIZTrP4cZXceNCEXfixrcxbWehrQcCH/9/Difn9yLOlHacb2tpeWV1bT23kd/c2t7Ztff2GyqMJaF1EvJQtjysKGeC1jXTnLYiSXHgcdr0htcTv/lApWKhuNOjiHYC3BfMZwRrI3VtNC65Eos+p5euLzFJUJq46l7qpJKmxbGTmaUxyuikaxecsjMtuAgogwLIqta1P91eSOKACk04VqqNnEh3Eiw1I5ymeTdWNMJkiPu0bVDggKpOMj0thcdG6UE/lOYJDafq74kEB0qNAs90BlgP1Lw3Ef/z2rH2LzoJE1GsqSCzRX7MoQ7hJCfYY5ISzUcGMJHM/BWSATYJaZNm3oSA5k9ehEaljM7KldvTQvUqiyMHDsERKAIEzkEV3IAaqAMCHsEzeAVv1pP1Yr1bH7PWJSubOQB/yvr6AaWkoT0=</latexit>

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

<latexit sha1_base64="jR7wYJQ9KYEEqzIbsox7wBGjrhg=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCXbRMiqgboejGZQV7gU4pmTTThmYyY5IRynSew42v4saFIu7EjW9j2s5CWw8EPv7/HE7O70WcKe0439bS8srq2npuI7+5tb2za+/tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8nfvOBSsVCcadHEe0EuC+YzwjWRuraaFxyJRZ9Ti9dX2KSoDRx1b3USSVNi2MnM0tjlNFJ1y44ZWdacBFQBgWQVa1rf7q9kMQBFZpwrFQbOZHuJFhqRjhN826saITJEPdp26DAAVWdZHpaCo+N0oN+KM0TGk7V3xMJDpQaBZ7pDLAeqHlvIv7ntWPtX3QSJqJYU0Fmi/yYQx3CSU6wxyQlmo8MYCKZ+SskA2wS0ibNvAkBzZ+8CI1KGZ2VK7enhepVFkcOHIIjUAQInIMquAE1UAcEPIJn8ArerCfrxXq3PmatS1Y2cwD+lPX1A6wmoUE=</latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="TSSGXngejePvb5dKlWZXbVoz2D0=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZaaIiquqG5cV7AM6pWTS2zY0kxmSO2IZ+xtu/BU3LhRxqSv/xvSx0NZDAifn3MvNPUEshUHX/XYWFpeWV1Yza9n1jc2t7dzObtVEieZQ4ZGMdD1gBqRQUEGBEuqxBhYGEmpB/2rk1+5AGxGpWxzE0AxZV4mO4Ayt1Mq5PsI9phd89KT2UDqkD34c+pqprgQ68a1spwhzPmzl8m7BHYPOE29K8mSKciv36bcjnoSgkEtmTMNzY2ymTKPgEoZZPzEQM95nXWhYqlgIppmONxvSQ6u0aSfS9iqkY/V3R8pCYwZhYCtDhj0z643E/7xGgp2zZipUnCAoPhnUSSTFiI5iom2hgaMcWMK4FvavlPeYZhxtmFkbgje78jypFgveSaF4c5wvXU7jyJB9ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsfk9IFZ9qzR/7A+foBd4Kf9Q==</latexit>

Action on |±i basis:
<latexit sha1_base64="NG8AgTpzDe6+obCxiG47Oco/tq8=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswm4QFaugjWUE84BsCLOTm2TI7Owyc1cMaxobf8XGQhFb/8HOv3HyKDTxwIXDOffO3HuCWAqDrvvtLCwuLa+sZtay6xubW9u5nd2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgv7VyK/dgTYiUrc4iKEZsq4SHcEZWqmVO3jw49DXTHUlUB/hHlNKqX1RmIthK5d3C+4YdJ54U5InU5RbuS+/HfEkBIVcMmManhtjM2UaBZcwzPqJgZjxPutCw1LFQjDNdHzFkB5ZpU07kbalkI7V3xMpC40ZhIHtDBn2zKw3Ev/zGgl2zpupUHGCoPjko04iKUZ0FAltCw0c5cASxrWwu1LeY5pxtMFlbQje7MnzpFoseKeF4s1JvnQ5jSND9skhOSYeOSMlck3KpEI4eSTP5JW8OU/Oi/PufExaF5zpzB75A+fzB/XfmDk=</latexit>

|±i basis:<latexit sha1_base64="sHESXdmn0JR5L7OeFpbvMwVN+RY=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBFdlpoi6EYpuXFawF+wMJZOmbWiSCUlGKNO68VXcuFDErW/hzrcxbWehrT8EPv5zDifnjySj2njet5NbWl5ZXcuvFzY2t7Z33N29uo4ThUkNxyxWzQhpwqggNUMNI02pCOIRI41ocD2pNx6I0jQWd2YoSchRT9AuxchYq+0e3I8CyQOFRI+Ry1HAZcZtt+iVvKngIvgZFEGmatv9CjoxTjgRBjOkdcv3pAlTpAzFjIwLQaKJRHiAeqRlUSBOdJhOLxjDY+t0YDdW9gkDp+7viRRxrYc8sp0cmb6er03M/2qtxHQvwpQKmRgi8GxRN2HQxHASB+xQRbBhQwsIK2r/CnEfKYSNDa1gQ/DnT16Eernkn5XKt6fFylUWRx4cgiNwAnxwDirgBlRBDWDwCJ7BK3hznpwX5935mLXmnGxmH/yR8/kDFUqXTQ==</latexit>

Z|±i = |⌥i

<latexit sha1_base64="cegm/VNoWVb+xEJSi/nmjil7hfw=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEw8kV3j60j04hETeUTYkNmhgQmzs+tML5Fs+A4vHjTGqx/jzb9xgD0oWEknlarudHcFsRQGXffbWVpeWV1bz23kN7e2d3YLe/s1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4ObiV8fgjYiUvc4isEPWU+JruAMreS3EJ4wfaA9hjBuF4puyZ2CLhIvI0WSodIufLU6EU9CUMglM6bpuT H6KdMouIRxvpUYiBkfsB40LVUsBOOn06PH9NgqHdqNtC2FdKr+nkhZaMwoDGxnyLBv5r2J+J/XTLB75adCxQmC4rNF3URSjOgkAdoRGjjKkSWMa2FvpbzPNONoc8rbELz5lxdJ7bTkXZTO786K5essjhw5JEfkhHjkkpTJLamQKuHkkTyTV/LmDJ0X5935mLUuOdnMAfkD5/MH8V+SOg==</latexit>

Z gate

<latexit sha1_base64="1gkloAylMiUxdspn1sLHqFdm0e0="></latexit>

Z gate is a ”NOT gate” in the |±ibasis!



Example 3: Hadamard Gate

<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="LoRER1OFtLaN7jEMG9WBl6CdbUg=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEQSi7pagIQtVLjwpWhbaUbDqtodnsksyKZds/4sW/4sWDIh68iP/GbF3EryGBJ+/MMJnXj6Qw6LrvzsTk1PTMbG4uP7+wuLRcWFk9N2GsOdR5KEN96TMDUiioo0AJl5EGFvgSLvz+cZq/uAZtRKjOcBBBK2A9JbqCM7RSu1BpItxgcsjTJ7WH0hEduk3NVE/CPq198cFwO6N8u1B0S+446F/wMiiSLE7ahddmJ+RxAAq5ZMY0PDfCVsI0Ci5hlG/GBiLG+6wHDYuKBWBayXi7Ed20Sod2Q22vQjpWv3ckLDBmEPi2MmB4ZX7nUvG/XCPG7l4rESqKERT/HNSNJcWQplbRjtDAUQ4sMK6F/SvlV0wzjtbQ1ATv98p/4bxc8nZK5dNKsXqU2ZEj62SDbBGP7JIqqZETUiec3JJ78kienDvnwXl2Xj5LJ5ysZ438COftA8IFoRU=</latexit>

Action on |0i : H|0i = |+i
<latexit sha1_base64="ju/+cfL2vcdHF71KZZ40NcQ8zRU="></latexit>
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<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="G3b06e03u4YYzN6MdrK84aep+wM=">AAACHXicbZBNSwMxEIazflu/qh69BIvgxbIrfiEIVS89KthaaEvJptM2mM0uyaxY1v4RL/4VLx4U8eBF/Ddm6yJaHRJ48s4Mk3n9SAqDrvvhjI1PTE5Nz8zm5uYXFpfyyytVE8aaQ4WHMtQ1nxmQQkEFBUqoRRpY4Eu49K9O0/zlNWgjQnWB/QiaAesq0RGcoZVa+Z0Gwg0mxzx9UnsoHdBbr6GZ6ko4pOVvPrrdyijXyhfcojsM+he8DAoki7NW/q3RDnkcgEIumTF1z42wmTCNgksY5BqxgYjxK9aFukXFAjDNZLjdgG5YpU07obZXIR2qPzsSFhjTD3xbGTDsmdFcKv6Xq8fYOWgmQkUxguJfgzqxpBjS1CraFho4yr4FxrWwf6W8xzTjaA1NTfBGV/4L1e2it1fcPd8plE4yO2bIGlknm8Qj+6REyuSMVAgnd+SBPJFn5955dF6c16/SMSfrWSW/wnn/BMlLoRw=</latexit>

Action on |1i : H|1i = |�i



Example 3: Hadamard Gate

<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="Q4ob6V9om7GgmOOXqEUD6IaRnB0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCpVAmRdSNUHTjsoK9QKeUTJppQzOZMckIZTrP4cZXceNCEXfixrcxbWehrQcCH/9/Difn9yLOlHacb2tpeWV1bT23kd/c2t7Ztff2GyqMJaF1EvJQtjysKGeC1jXTnLYiSXHgcdr0htcTv/lApWKhuNOjiHYC3BfMZwRrI3VtNC65Eos+p5euLzFJUJq46l7qpJKmxbGTmaUxyuikaxecsjMtuAgogwLIqta1P91eSOKACk04VqqNnEh3Eiw1I5ymeTdWNMJkiPu0bVDggKpOMj0thcdG6UE/lOYJDafq74kEB0qNAs90BlgP1Lw3Ef/z2rH2LzoJE1GsqSCzRX7MoQ7hJCfYY5ISzUcGMJHM/BWSATYJaZNm3oSA5k9ehEaljM7KldvTQvUqiyMHDsERKAIEzkEV3IAaqAMCHsEzeAVv1pP1Yr1bH7PWJSubOQB/yvr6AaWkoT0=</latexit>

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

<latexit sha1_base64="jR7wYJQ9KYEEqzIbsox7wBGjrhg=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCXbRMiqgboejGZQV7gU4pmTTThmYyY5IRynSew42v4saFIu7EjW9j2s5CWw8EPv7/HE7O70WcKe0439bS8srq2npuI7+5tb2za+/tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8nfvOBSsVCcadHEe0EuC+YzwjWRuraaFxyJRZ9Ti9dX2KSoDRx1b3USSVNi2MnM0tjlNFJ1y44ZWdacBFQBgWQVa1rf7q9kMQBFZpwrFQbOZHuJFhqRjhN826saITJEPdp26DAAVWdZHpaCo+N0oN+KM0TGk7V3xMJDpQaBZ7pDLAeqHlvIv7ntWPtX3QSJqJYU0Fmi/yYQx3CSU6wxyQlmo8MYCKZ+SskA2wS0ibNvAkBzZ+8CI1KGZ2VK7enhepVFkcOHIIjUAQInIMquAE1UAcEPIJn8ArerCfrxXq3PmatS1Y2cwD+lPX1A6wmoUE=</latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="TSSGXngejePvb5dKlWZXbVoz2D0=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZaaIiquqG5cV7AM6pWTS2zY0kxmSO2IZ+xtu/BU3LhRxqSv/xvSx0NZDAifn3MvNPUEshUHX/XYWFpeWV1Yza9n1jc2t7dzObtVEieZQ4ZGMdD1gBqRQUEGBEuqxBhYGEmpB/2rk1+5AGxGpWxzE0AxZV4mO4Ayt1Mq5PsI9phd89KT2UDqkD34c+pqprgQ68a1spwhzPmzl8m7BHYPOE29K8mSKciv36bcjnoSgkEtmTMNzY2ymTKPgEoZZPzEQM95nXWhYqlgIppmONxvSQ6u0aSfS9iqkY/V3R8pCYwZhYCtDhj0z643E/7xGgp2zZipUnCAoPhnUSSTFiI5iom2hgaMcWMK4FvavlPeYZhxtmFkbgje78jypFgveSaF4c5wvXU7jyJB9ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsfk9IFZ9qzR/7A+foBd4Kf9Q==</latexit>

Action on |±i basis:
<latexit sha1_base64="NG8AgTpzDe6+obCxiG47Oco/tq8=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswm4QFaugjWUE84BsCLOTm2TI7Owyc1cMaxobf8XGQhFb/8HOv3HyKDTxwIXDOffO3HuCWAqDrvvtLCwuLa+sZtay6xubW9u5nd2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgv7VyK/dgTYiUrc4iKEZsq4SHcEZWqmVO3jw49DXTHUlUB/hHlNKqX1RmIthK5d3C+4YdJ54U5InU5RbuS+/HfEkBIVcMmManhtjM2UaBZcwzPqJgZjxPutCw1LFQjDNdHzFkB5ZpU07kbalkI7V3xMpC40ZhIHtDBn2zKw3Ev/zGgl2zpupUHGCoPjko04iKUZ0FAltCw0c5cASxrWwu1LeY5pxtMFlbQje7MnzpFoseKeF4s1JvnQ5jSND9skhOSYeOSMlck3KpEI4eSTP5JW8OU/Oi/PufExaF5zpzB75A+fzB/XfmDk=</latexit>

|±i basis:

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

H =
1p
2


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

H

<latexit sha1_base64="LoRER1OFtLaN7jEMG9WBl6CdbUg=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEQSi7pagIQtVLjwpWhbaUbDqtodnsksyKZds/4sW/4sWDIh68iP/GbF3EryGBJ+/MMJnXj6Qw6LrvzsTk1PTMbG4uP7+wuLRcWFk9N2GsOdR5KEN96TMDUiioo0AJl5EGFvgSLvz+cZq/uAZtRKjOcBBBK2A9JbqCM7RSu1BpItxgcsjTJ7WH0hEduk3NVE/CPq198cFwO6N8u1B0S+446F/wMiiSLE7ahddmJ+RxAAq5ZMY0PDfCVsI0Ci5hlG/GBiLG+6wHDYuKBWBayXi7Ed20Sod2Q22vQjpWv3ckLDBmEPi2MmB4ZX7nUvG/XCPG7l4rESqKERT/HNSNJcWQplbRjtDAUQ4sMK6F/SvlV0wzjtbQ1ATv98p/4bxc8nZK5dNKsXqU2ZEj62SDbBGP7JIqqZETUiec3JJ78kienDvnwXl2Xj5LJ5ysZ438COftA8IFoRU=</latexit>

Action on |0i : H|0i = |+i
<latexit sha1_base64="ZZQikTjI0uli0R6DvHBoT6KyLl4=">AAACHXicbZBNSwMxEIaz9avWr1WPXoJF8FR2pagIQtVLjxWsCm0p2XTaBrPZJZkVy9o/4sW/4sWDIh68iP/GbC2i1SGBJ+/MMJk3iKUw6HkfTm5qemZ2Lj9fWFhcWl5xV9fOTZRoDnUeyUhfBsyAFArqKFDCZayBhYGEi+DqJMtfXIM2IlJnOIihFbKeEl3BGVqp7ZabCDeYHvHsSe2hdEhv/aZmqifhgFa/+fCbCm236JW8UdC/4I+hSMZRa7tvzU7EkxAUcsmMafhejK2UaRRcwrDQTAzEjF+xHjQsKhaCaaWj7YZ0yyod2o20vQrpSP3ZkbLQmEEY2MqQYd9M5jLxv1wjwe5+KxUqThAU/xrUTSTFiGZW0Y7QwFEOLDCuhf0r5X2mGUdraGaCP7nyXzjfKfm7pZ3TcrFyPLYjTzbIJtkmPtkjFVIlNVInnNyRB/JEnp1759F5cV6/SnPOuGed/Arn/RPOhaEd</latexit>

Action on |1i : H|1i = |1i

<latexit sha1_base64="ju/+cfL2vcdHF71KZZ40NcQ8zRU="></latexit>
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<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="SI/JizPPC2GDbr4CvGl+DOQTJ1w=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIupGKLrpsoK9QBvKZHrSDp1MwsxEqGnxVdy4UMSt7+HOt3HaZqGtPwx8/OcczpnfjzlT2nG+raXlldW19dxGfnNre2fX3tuvqyiRFGo04pFs+kQBZwJqmmkOzVgCCX0ODX9wO6k3HkAqFol7PYzBC0lPsIBRoo3VsQ8ro7O2JKLH4XrkZtSxC07RmQovgptBAWWqduyvdjeiSQhCU06UarlOrL2USM0oh3G+nSiICR2QHrQMChKC8tLp9WN8YpwuDiJpntB46v6eSEmo1DD0TWdIdF/N1ybmf7VWooMrL2UiTjQIOlsUJBzrCE+iwF0mgWo+NECoZOZWTPtEEqpNYHkTgjv/5UWol4ruRbF0d14o32Rx5NAROkanyEWXqIwqqIpqiKJH9Ixe0Zv1ZL1Y79bHrHXJymYO0B9Znz8VOZT/</latexit>

H|�i = |1i

<latexit sha1_base64="nzGSepYc1IaVO/lwrP3xqSSJzjE=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWARBKEkRdSNUHTTZQV7gTaUyfSkHTqZhJmJUNPiq7hxoYhb38Odb+O0zUJbfxj4+M85nDO/H3OmtON8W0vLK6tr67mN/ObW9s6uvbdfV1EiKdRoxCPZ9IkCzgTUNNMcmrEEEvocGv7gdlJvPIBULBL3ehiDF5KeYAGjRBurYx9WRmdtSUSPw/XIyahjF5yiMxVeBDeDAspU7dhf7W5EkxCEppwo1XKdWHspkZpRDuN8O1EQEzogPWgZFCQE5aXT68f4xDhdHETSPKHx1P09kZJQqWHom86Q6L6ar03M/2qtRAdXXspEnGgQdLYoSDjWEZ5EgbtMAtV8aIBQycytmPaJJFSbwPImBHf+y4tQLxXdi2Lp7rxQvsniyKEjdIxOkYsuURlVUBXVEEWP6Bm9ojfryXqx3q2PWeuSlc0coD+yPn8AEISU/A==</latexit>

H|+i = |0i



Example 3: Hadamard Gate

<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="Q4ob6V9om7GgmOOXqEUD6IaRnB0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCpVAmRdSNUHTjsoK9QKeUTJppQzOZMckIZTrP4cZXceNCEXfixrcxbWehrQcCH/9/Difn9yLOlHacb2tpeWV1bT23kd/c2t7Ztff2GyqMJaF1EvJQtjysKGeC1jXTnLYiSXHgcdr0htcTv/lApWKhuNOjiHYC3BfMZwRrI3VtNC65Eos+p5euLzFJUJq46l7qpJKmxbGTmaUxyuikaxecsjMtuAgogwLIqta1P91eSOKACk04VqqNnEh3Eiw1I5ymeTdWNMJkiPu0bVDggKpOMj0thcdG6UE/lOYJDafq74kEB0qNAs90BlgP1Lw3Ef/z2rH2LzoJE1GsqSCzRX7MoQ7hJCfYY5ISzUcGMJHM/BWSATYJaZNm3oSA5k9ehEaljM7KldvTQvUqiyMHDsERKAIEzkEV3IAaqAMCHsEzeAVv1pP1Yr1bH7PWJSubOQB/yvr6AaWkoT0=</latexit>

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

<latexit sha1_base64="jR7wYJQ9KYEEqzIbsox7wBGjrhg=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCXbRMiqgboejGZQV7gU4pmTTThmYyY5IRynSew42v4saFIu7EjW9j2s5CWw8EPv7/HE7O70WcKe0439bS8srq2npuI7+5tb2za+/tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8nfvOBSsVCcadHEe0EuC+YzwjWRuraaFxyJRZ9Ti9dX2KSoDRx1b3USSVNi2MnM0tjlNFJ1y44ZWdacBFQBgWQVa1rf7q9kMQBFZpwrFQbOZHuJFhqRjhN826saITJEPdp26DAAVWdZHpaCo+N0oN+KM0TGk7V3xMJDpQaBZ7pDLAeqHlvIv7ntWPtX3QSJqJYU0Fmi/yYQx3CSU6wxyQlmo8MYCKZ+SskA2wS0ibNvAkBzZ+8CI1KGZ2VK7enhepVFkcOHIIjUAQInIMquAE1UAcEPIJn8ArerCfrxXq3PmatS1Y2cwD+lPX1A6wmoUE=</latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="TSSGXngejePvb5dKlWZXbVoz2D0=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZaaIiquqG5cV7AM6pWTS2zY0kxmSO2IZ+xtu/BU3LhRxqSv/xvSx0NZDAifn3MvNPUEshUHX/XYWFpeWV1Yza9n1jc2t7dzObtVEieZQ4ZGMdD1gBqRQUEGBEuqxBhYGEmpB/2rk1+5AGxGpWxzE0AxZV4mO4Ayt1Mq5PsI9phd89KT2UDqkD34c+pqprgQ68a1spwhzPmzl8m7BHYPOE29K8mSKciv36bcjnoSgkEtmTMNzY2ymTKPgEoZZPzEQM95nXWhYqlgIppmONxvSQ6u0aSfS9iqkY/V3R8pCYwZhYCtDhj0z643E/7xGgp2zZipUnCAoPhnUSSTFiI5iom2hgaMcWMK4FvavlPeYZhxtmFkbgje78jypFgveSaF4c5wvXU7jyJB9ckCOiEdOSYlckzKpEE4eyTN5JW/Ok/PivDsfk9IFZ9qzR/7A+foBd4Kf9Q==</latexit>

Action on |±i basis:
<latexit sha1_base64="NG8AgTpzDe6+obCxiG47Oco/tq8=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswm4QFaugjWUE84BsCLOTm2TI7Owyc1cMaxobf8XGQhFb/8HOv3HyKDTxwIXDOffO3HuCWAqDrvvtLCwuLa+sZtay6xubW9u5nd2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgv7VyK/dgTYiUrc4iKEZsq4SHcEZWqmVO3jw49DXTHUlUB/hHlNKqX1RmIthK5d3C+4YdJ54U5InU5RbuS+/HfEkBIVcMmManhtjM2UaBZcwzPqJgZjxPutCw1LFQjDNdHzFkB5ZpU07kbalkI7V3xMpC40ZhIHtDBn2zKw3Ev/zGgl2zpupUHGCoPjko04iKUZ0FAltCw0c5cASxrWwu1LeY5pxtMFlbQje7MnzpFoseKeF4s1JvnQ5jSND9skhOSYeOSMlck3KpEI4eSTP5JW8OU/Oi/PufExaF5zpzB75A+fzB/XfmDk=</latexit>

|±i basis:

<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="LoRER1OFtLaN7jEMG9WBl6CdbUg=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEQSi7pagIQtVLjwpWhbaUbDqtodnsksyKZds/4sW/4sWDIh68iP/GbF3EryGBJ+/MMJnXj6Qw6LrvzsTk1PTMbG4uP7+wuLRcWFk9N2GsOdR5KEN96TMDUiioo0AJl5EGFvgSLvz+cZq/uAZtRKjOcBBBK2A9JbqCM7RSu1BpItxgcsjTJ7WH0hEduk3NVE/CPq198cFwO6N8u1B0S+446F/wMiiSLE7ahddmJ+RxAAq5ZMY0PDfCVsI0Ci5hlG/GBiLG+6wHDYuKBWBayXi7Ed20Sod2Q22vQjpWv3ckLDBmEPi2MmB4ZX7nUvG/XCPG7l4rESqKERT/HNSNJcWQplbRjtDAUQ4sMK6F/SvlV0wzjtbQ1ATv98p/4bxc8nZK5dNKsXqU2ZEj62SDbBGP7JIqqZETUiec3JJ78kienDvnwXl2Xj5LJ5ysZ438COftA8IFoRU=</latexit>

Action on |0i : H|0i = |+i
<latexit sha1_base64="ZZQikTjI0uli0R6DvHBoT6KyLl4=">AAACHXicbZBNSwMxEIaz9avWr1WPXoJF8FR2pagIQtVLjxWsCm0p2XTaBrPZJZkVy9o/4sW/4sWDIh68iP/GbC2i1SGBJ+/MMJk3iKUw6HkfTm5qemZ2Lj9fWFhcWl5xV9fOTZRoDnUeyUhfBsyAFArqKFDCZayBhYGEi+DqJMtfXIM2IlJnOIihFbKeEl3BGVqp7ZabCDeYHvHsSe2hdEhv/aZmqifhgFa/+fCbCm236JW8UdC/4I+hSMZRa7tvzU7EkxAUcsmMafhejK2UaRRcwrDQTAzEjF+xHjQsKhaCaaWj7YZ0yyod2o20vQrpSP3ZkbLQmEEY2MqQYd9M5jLxv1wjwe5+KxUqThAU/xrUTSTFiGZW0Y7QwFEOLDCuhf0r5X2mGUdraGaCP7nyXzjfKfm7pZ3TcrFyPLYjTzbIJtkmPtkjFVIlNVInnNyRB/JEnp1759F5cV6/SnPOuGed/Arn/RPOhaEd</latexit>

Action on |1i : H|1i = |1i

<latexit sha1_base64="ju/+cfL2vcdHF71KZZ40NcQ8zRU="></latexit>
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<latexit sha1_base64="gRVAu1W3voD08ykZnurELNRtAQc="></latexit>

Hadamard gate is a change of basis: |0/1i , |±i

<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="SI/JizPPC2GDbr4CvGl+DOQTJ1w=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIupGKLrpsoK9QBvKZHrSDp1MwsxEqGnxVdy4UMSt7+HOt3HaZqGtPwx8/OcczpnfjzlT2nG+raXlldW19dxGfnNre2fX3tuvqyiRFGo04pFs+kQBZwJqmmkOzVgCCX0ODX9wO6k3HkAqFol7PYzBC0lPsIBRoo3VsQ8ro7O2JKLH4XrkZtSxC07RmQovgptBAWWqduyvdjeiSQhCU06UarlOrL2USM0oh3G+nSiICR2QHrQMChKC8tLp9WN8YpwuDiJpntB46v6eSEmo1DD0TWdIdF/N1ybmf7VWooMrL2UiTjQIOlsUJBzrCE+iwF0mgWo+NECoZOZWTPtEEqpNYHkTgjv/5UWol4ruRbF0d14o32Rx5NAROkanyEWXqIwqqIpqiKJH9Ixe0Zv1ZL1Y79bHrHXJymYO0B9Znz8VOZT/</latexit>

H|�i = |1i

<latexit sha1_base64="nzGSepYc1IaVO/lwrP3xqSSJzjE=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWARBKEkRdSNUHTTZQV7gTaUyfSkHTqZhJmJUNPiq7hxoYhb38Odb+O0zUJbfxj4+M85nDO/H3OmtON8W0vLK6tr67mN/ObW9s6uvbdfV1EiKdRoxCPZ9IkCzgTUNNMcmrEEEvocGv7gdlJvPIBULBL3ehiDF5KeYAGjRBurYx9WRmdtSUSPw/XIyahjF5yiMxVeBDeDAspU7dhf7W5EkxCEppwo1XKdWHspkZpRDuN8O1EQEzogPWgZFCQE5aXT68f4xDhdHETSPKHx1P09kZJQqWHom86Q6L6ar03M/2qtRAdXXspEnGgQdLYoSDjWEZ5EgbtMAtV8aIBQycytmPaJJFSbwPImBHf+y4tQLxXdi2Lp7rxQvsniyKEjdIxOkYsuURlVUBXVEEWP6Bm9ojfryXqx3q2PWeuSlc0coD+yPn8AEISU/A==</latexit>

H|+i = |0i



Quantum randomness generation

<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 =
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<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="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="Q4ob6V9om7GgmOOXqEUD6IaRnB0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCpVAmRdSNUHTjsoK9QKeUTJppQzOZMckIZTrP4cZXceNCEXfixrcxbWehrQcCH/9/Difn9yLOlHacb2tpeWV1bT23kd/c2t7Ztff2GyqMJaF1EvJQtjysKGeC1jXTnLYiSXHgcdr0htcTv/lApWKhuNOjiHYC3BfMZwRrI3VtNC65Eos+p5euLzFJUJq46l7qpJKmxbGTmaUxyuikaxecsjMtuAgogwLIqta1P91eSOKACk04VqqNnEh3Eiw1I5ymeTdWNMJkiPu0bVDggKpOMj0thcdG6UE/lOYJDafq74kEB0qNAs90BlgP1Lw3Ef/z2rH2LzoJE1GsqSCzRX7MoQ7hJCfYY5ISzUcGMJHM/BWSATYJaZNm3oSA5k9ehEaljM7KldvTQvUqiyMHDsERKAIEzkEV3IAaqAMCHsEzeAVv1pP1Yr1bH7PWJSubOQB/yvr6AaWkoT0=</latexit>

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

<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



Postulate II: Quantum operations

<latexit sha1_base64="RyojYatpl7T1nHf7KnFtw3mOpTc="></latexit>

The evolution of a quantum system | i 2 H ⌘ Cd is given by
<latexit sha1_base64="s0/X3AQmgqSVjtl8s9aj9X4Kftg="></latexit>

a unitary tranformation U : H ! H, s.t. | outi = U | ini

<latexit sha1_base64="RTEEqs2a+HNuVKq6glk6WWh4jiw=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKtwFUcugjWUE8wHJEfY2k2TJ3t6xOyeGI9j4V2wsFLH1V9j5b9wkV2jig4HHezPMzAtiKQy67reztLyyurae28hvbm3v7Bb29usmSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhtcTv3EP2ohI3eEoBj9kfSV6gjO0Uqdw2EZ4wLSmBDI9oiFDLTiYMc13CkW35E5BF4mXkSLJUO0UvtrdiCchKOSSGdPy3Bj9lGkUXMI4304MxIwPWR9alioWgvHT6QtjemKVLu1F2pZCOlV/T6QsNGYUBrbT3jgw895E/M9rJdi79FOh4gRB8dmiXiIpRnSSB+0KDRzlyBLGtbC3Uj5gmnG0qU1C8OZfXiT1csk7L5Vvz4qVqyyOHDkix+SUeOSCVMgNqZIa4eSRPJNX8uY8OS/Ou/Mxa11yspkD8gfO5w9Ar5dT</latexit>

Unitary matrices
<latexit sha1_base64="QuR9AyAcf1ICIeJDa/fH0DeWXRY=">AAACA3icbZDNSsNAFIUn/tb6F3Wnm8EiuCpJEXVTKLrRXQXTFtoYJpNJOnQyCTMToYSCG1/FjQtF3PoS7nwbp20QbT0w8HHuvdy5x08ZlcqyvoyFxaXlldXSWnl9Y3Nr29zZbckkE5g4OGGJ6PhIEkY5cRRVjHRSQVDsM9L2B5fjevueCEkTfquGKXFjFHEaUoyUtjxz33HuegGKIiLqPwSd+rUXeGbFqloTwXmwC6iAQk3P/OwFCc5iwhVmSMqubaXKzZFQFDMyKvcySVKEBygiXY0cxUS6+eSGETzSTgDDROjHFZy4vydyFEs5jH3dGSPVl7O1sflfrZup8NzNKU8zRTieLgozBlUCx4HAgAqCFRtqQFhQ/VeI+0ggrHRsZR2CPXvyPLRqVfu0Wrs5qTQuijhK4AAcgmNggzPQAFegCRyAwQN4Ai/g1Xg0no03433aumAUM3vgj4yPb8fFlvg=</latexit>

UU† = U †U = Id

<latexit sha1_base64="CgsK1evX3zEDq2uK5pGUQ9UoMRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHaDqGXQxjKCeUASwuzkJhkyO7vM3A2GJR9g46/YWChi6wfY+TfOJik08cDA4ZxzuXOPH0lh0HW/nczK6tr6RnYzt7W9s7uX3z+omTDWHKo8lKFu+MyAFAqqKFBCI9LAAl9C3R/epH59BNqIUN3jOIJ2wPpK9ARnaKVOvtBCeMCkosGAHoGhOAAqlAJ9FumwG3Oc5GzKLbpT0GXizUmBzFHp5L9a3ZDHASjkkhnT9NwI2wnTKLiESa4VG4gYH7I+NC1VLADTTqbHTOiJVbq0F2r7FNKp+nsiYYEx48C3yYDhwCx6qfif14yxd9VOhIpiBMVni3qxpBjStBnaFRo4yrEljGth/0r5gGnG0faXluAtnrxMaqWid1Es3Z0XytfzOrLkiByTU+KRS1Imt6RCqoSTR/JMXsmb8+S8OO/OxyyaceYzh+QPnM8fQn6bvQ==</latexit>

Preserves the inner-product
<latexit sha1_base64="08ePScDQA+K/PJUPog9LHAFyByI=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiyK4LKCrUJbSia904ZmkjG5UyxDf8eNv+JGQVG3/ojpY+Hrrg7n3Me5J0yksOj7797c/MLi0nJuJb+6tr6xWdjarludGg41rqU2NyGzIIWCGgqUcJMYYHEo4Trsn4316wEYK7S6wmECrZh1lYgEZ+iodqHSRLjD7Pw2FQMmQSHVEdUGe7qrFZM0ZmgEB0u1om6vpAPgqA21CXPsiObbhaJf8idF/4JgBopkVtV24bnZ0TyN3S0umbWNwE+wlTGDgksY5ZupBbe8z7rQcFCxGGwrm3w6ovuO6dDIGYi08zphv09kLLZ2GIeu0znv2d/amPxPa6QYnbQyoZIUQfHpoSiVFDUdx0Y7wrjH5dABxo1wXinvMcM4unDHIQS/X/4L6uVScFQqXx4WK6ezOHJkl+yRAxKQY1IhF6RKaoSTe/JIXsir9+A9eW/ex7R1zpvN7JAf5X1+AatOp3A=</latexit>

Equivalent of orthogonal matrices on real vector spaces

<latexit sha1_base64="M1ceaLc4KrdPjunSfmr7MB7e3ZQ="></latexit>

Linear operator U : H ! H



Linearity

<latexit sha1_base64="jDDCiIl4iYgcvTjPKx2YS1NnhQQ=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0Wom5IUUTdCqxuXFewDmhAm02k7dGYSZiaFEvsdbvwVNy4UcSdu/BuTNkhtPXDhcM693HuPHzKqtGV9G7mV1bX1jfxmYWt7Z3fP3D9oqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOUPb1K/NSJS0UDc63FIXI76gvYoRjqRPNOulRwVcY8ijz6MPOpIJPqMnF79qrBWmjcKnlm0ytYUcJnYGSmCDHXP/HS6AY44ERozpFTHtkLtxkhqihmZFJxIkRDhIeqTTkIF4kS58fS1CTxJlC7sBTIpoeFUnZ+IEVdqzP2kkyM9UIteKv7ndSLdu3RjKsJIE4Fni3oRgzqAaU6wSyXBmo0TgrCkya0QD5BEWCdppiHYiy8vk2albJ+XK3dnxep1FkceHIFjUAI2uABVcAvqoAEweATP4BW8GU/Gi/FufMxac0Y2cwj+wPj6AYjxoIk=</latexit>

A(
X

i

ai|vii) =
X

i

aiA(|vii)

<latexit sha1_base64="kgDIjhpex3qEMvLBbWfQTc2bqw0=">AAACJ3icbZBLSwMxFIUzvq2vqks3wSLUTZkRUXEhbd24VLBV6JSSSW9rMJOMyZ1iGftv3PhX3Agqokv/iTNtF74OBA7fuZdwTxBJYdF1P5yJyanpmdm5+dzC4tLySn51rW51bDjUuJbaXAbMghQKaihQwmVkgIWBhIvg+jjLL3pgrNDqHPsRNEPWVaIjOMMUtfJHPsItJsc6jLQVGTukdECL1cr2nR9Z4RumuhJ8uIlFj1aLle90O9fKF9ySOxT9a7yxKZCxTlv5Z7+teRyCQi6ZtQ3PjbCZMIOCSxjk/NhCxPg160IjtYqFYJvJ8M4B3UpJm3a0SZ9COqTfNxIWWtsPg3QyZHhlf2cZ/C9rxNg5aCZCRTGC4qOPOrGkqGlWGm0LAxxlPzWMm7QmTvkVM4xjWm1Wgvf75L+mvlPy9ko7Z7uFcnVcxxzZIJukSDyyT8rkhJySGuHknjySF/LqPDhPzpvzPhqdcMY76+SHnM8vgLilrw==</latexit>

Composition: (BA)| i ⌘ B(A| i)

<latexit sha1_base64="1pGFNgAB+Q8O5rlS+0hapNmmUgQ="></latexit>

A 2 L(H) : H ! H is linear on its inputs:

<latexit sha1_base64="/Lyde7vgBSbXx68vcJdD4KnWVMc=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiVQkiKqBuhrRuXFewDmlAm02k7dDIJMxOhxP6FG3/FjQtF3OrOv3HSZlFbDwyce8693LnHjxiVyrZ/jJXVtfWNzdxWfntnd2/fPDhsyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsf3aR+64EISUN+r8YR8QI04LRPMVJa6ppWsVqqnT26kaSuQHzAyHV1virV5qt81yzYlj0FXCZORgogQ71rfru9EMcB4QozJGXHsSPlJUgoihmZ5N1YkgjhERqQjqYcBUR6yfSuCTzVSg/2Q6EfV3Cqzk8kKJByHPi6M0BqKBe9VPzP68Sqf+UllEexIhzPFvVjBlUI05BgjwqCFRtrgrCg+q8QD5FAWOko0xCcxZOXSbNsORdW+e68UKllceTAMTgBReCAS1ABt6AOGgCDJ/AC3sC78Wy8Gh/G56x1xchmjsAfGF+/NuyfXQ==</latexit>

(A+B)| i = A| i+B| i

<latexit sha1_base64="nH6eCkHdoydIAhS5LcwyG5dqXsc="></latexit>

Not necessarily commuting: BA| i 6= AB| i
<latexit sha1_base64="Yrkio3/O/uU4laI7h4N9+0bzJ+I="></latexit>

Matrix representation: hi|A|ji = Aij



<latexit sha1_base64="My5kxOHEK+VJU+x1acqsbVRPVX0=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCp7JbRD0W9eCxgv2AdinZNG1Ds8mSzIplKfhXvHhQxKu/w5v/xnS7B219MPB4b4aZeWEsuAHP+3aWlldW19YLG8XNre2dXXdvv2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGo+up33xg2nAl72EcsyAiA8n7nBKwUtc97AB7hPSGa0KxVJDJk65b8speBrxI/JyUUI5a1/3q9BRNIiaBCmJM2/diCFKigVPBJsVOYlhM6IgMWNtSSSJmgjQ7f4JPrNLDfaVtScCZ+nsiJZEx4yi0nRGBoZn3puJ/XjuB/mWQchknwCSdLeonAoPC0yxwj2tGQYwtIVRzeyumQ2KTAJtY0Ybgz7+8SBqVsn9ertydlapXeRwFdISO0Sny0QWqoltUQ3VEUYqe0St6c56cF+fd+Zi1Ljn5zAH6A+fzB9G8lgw=</latexit>

Dirac notation

<latexit sha1_base64="Y1d6CKtf0/49fyHkvpZhNbc3ZXY=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8ELx4xkUeEDZkdBpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiGW+wSEa6HVDDpVC8gQIlb8ea0zCQvBWMb2Z+65FrIyJ1j5OY+yEdKjEQjKKVHrrInzCtaTrtFUtu2Z2DrBIvIyXIUO8Vv7r9iCUhV8gkNabjuTH6KdUomOTTQjcxPKZsTIe8Y6miITd+Or94Ss6s0ieDSNtSSObq74mUhsZMwsB2hhRHZtmbif95nQQH134qVJwgV2yxaJBIghGZvU/6QnOGcmIJZVrYWwkbUU0Z2pAKNgRv+eVV0qyUvcty5e6iVK1lceThBE7hHDy4gircQh0awEDBM7zCm2OcF+fd+Vi05pxs5hj+wPn8Aee6kRM=</latexit>

Bra

<latexit sha1_base64="BJLTIS1SfurBDWKIJqHIwGAwmp4=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BL4KXCOaByRJmJ51kyOzsMtMrhiV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/+QjaiEjd4zgGP2QDJfqCM7TSQwfhCdNbwEm3WHLL7gx0mXgZKZEMtW7xq9OLeBKCQi6ZMW3PjdFPmUbBJUwKncRAzPiIDaBtqWIhGD+dXTyhJ1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz6E3F/7x2gv1LPxUqThAUny/qJ5JiRKfv057QwFGOLWFcC3sr5UOmGUcbUsGG4C2+vEwalbJ3Xq7cnZWqV1kceXJEjskp8cgFqZIbUiN1wokiz+SVvDnGeXHenY95a87JZg7JHzifP/6KkSI=</latexit>

Ket

Dirac notation Summary

<latexit sha1_base64="O1y+8W8vfvYIO8YTS4sEAGbhf5s="></latexit>

h |�i =
⇥
 ⇤
0  ⇤

1 . . .  ⇤
d�1

⇤
⇥

2

6664

�0
�1
...

�d�1

3

7775
=

d�1X

i=0

 ⇤
i �i 2 C

<latexit sha1_base64="KOvisnE/oq8+Se69w6X7Uuja7Q4=">AAACAXicbVBNS8NAEN3Urxq/ol4EL8EieLEkRVQ8Fb3orYL9gLaUzXbaLt1swu5ELKFe/CtePCji1X/hzX9j0uagrQ8GHu/NMDPPCwXX6DjfRm5hcWl5Jb9qrq1vbG5Z2zs1HUSKQZUFIlANj2oQXEIVOQpohAqo7wmoe8Or1K/fg9I8kHc4CqHt077kPc4oJlLH2mshPGB8IyWo41AF3Yjhxdg0zY5VcIrOBPY8cTNSIBkqHeur1Q1Y5INEJqjWTdcJsR1ThZwJGJutSENI2ZD2oZlQSX3Q7Xjywdg+TJSu3QtUUhLtifp7Iqa+1iPfSzp9igM966Xif14zwt55O+YyjBAkmy7qRcLGwE7jsLtcAUMxSghliie32mxAFWWYhJaG4M6+PE9qpaJ7WizdnhTKl1kcebJPDsgRcckZKZNrUiFVwsgjeSav5M14Ml6Md+Nj2pozspld8gfG5w95H5Y9</latexit>

Inner-product:
<latexit sha1_base64="oULzTgWiNP5mZy+cFGsxHN9fjKg="></latexit>

|�ih | ⌘

2

6664

�0
�1
...

�d�1

3

7775
⇥
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0  ⇤

1 . . .  ⇤
d�1

⇤
2 L(H)

<latexit sha1_base64="eXKRx/grREARjiFyy0OCvrZBuUA=">AAACAXicbVDLSsNAFJ3UV42vqBvBTbAIbixJERVXRTfurGAf0IYymUzboZNJmLkRS6gbf8WNC0Xc+hfu/BsnbRbaemDgcM693DnHjzlT4DjfRmFhcWl5pbhqrq1vbG5Z2zsNFSWS0DqJeCRbPlaUM0HrwIDTViwpDn1Om/7wKvOb91QqFok7GMXUC3FfsB4jGLTUtfY6QB8gvUmAyuNYRkFC4GJsmmbXKjllZwJ7nrg5KaEcta711QkikoRUAOFYqbbrxOClWAIjnI7NTqJojMkQ92lbU4FDqrx0kmBsH2olsHuR1E+APVF/b6Q4VGoU+noyxDBQs14m/ue1E+ideykTsQ4oyPRQL+E2RHZWhx0wSQnwkSaYSKb/apMBlpjoPlRWgjsbeZ40KmX3tFy5PSlVL/M6imgfHaAj5KIzVEXXqIbqiKBH9Ixe0ZvxZLwY78bHdLRg5Du76A+Mzx+XG5ZQ</latexit>

Outer-product:

<latexit sha1_base64="7JUFQh0HKuLaWMG5FSy9SNV0EQg="></latexit>

| i ⌘

2

6664

 0

 1
...

 d�1

3

7775
2 H

<latexit sha1_base64="jYGTewggWNuLoAbwT7featopPKI=">AAACaXicbZHfahQxFMYzU//Useq2oojeBBdFCi4zpVTxqrQ3vazgtoXNuiSZs7OhmWRMzlSXccBn9M4X6I0vYWZ3FW09EPjxfeeQky+i0spjmv6I4rUbN2/dXr+T3N24d/9Bb3PrxNvaSRhKq607E9yDVgaGqFDDWeWAl0LDqTg/7PzTC3BeWfMB5xWMS14YNVWSY5AmvW9Mc1NoYJVXXxl8qtUFE1Ao04iSo1Nf2oR23iT9uE1fLjFb4iy36H9rTf 46a4POwOR/Rt9RFmgmuW6OWuZUMUPunP28UIVoDtskmfT66SBdFL0O2Qr6ZFXHk953lltZl2BQau79KEsrHDfcoZIa2oTVHiouz3kBo4CGl+DHzSKplr4ISk6n1oVjkC7UvycaXno/L0Xo7Hb0V71O/J83qnH6dtwoU9UIRi4vmtaaoqVd7DRXDiTqeQAunQq7UjnjjksMn9OFkF198nU42Rlke4Od97v9/YNVHOvkGXlOXpGMvCH75IgckyGR5DLaiB5Fj6Of8Wb8JH66bI2j1cxD8k/F/V+e27lU</latexit>

h | ⌘
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0  ⇤

1 . . .  ⇤
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⇤
: H ! C



Outer-products (Dirac notation)
<latexit sha1_base64="PKQzcILMQXBFokJPncvduNF7V8k="></latexit>
a01 a01
a10 a11

�
= a00


1 0
0 0

�
+ a01


0 1
0 0

�
+ a10


0 0
1 0

�
+ a11


0 0
0 1

�



Outer-products (Dirac notation)

<latexit sha1_base64="GuS7YmzCy/wR2YmVuEE2BMDI120=">AAACUXicbVFLSwMxGPy6vmrro+rRS7AIglCSIupFKHrxWME+oC0lm6ZtaDa7JFmhbPsXPejJ/+HFg2K67UHbDoQMM9+QZOJHUhiL8UfG29jc2t7J7ubye/sHh4Wj47oJY814jYUy1E2fGi6F4jUrrOTNSHMa+JI3/NHDzG+8cG1EqJ7tOOKdgA6U6AtGrZO6heEd7SYYTye4rakaSN6W6Ybw5HLmkFWHpA5xGbI2Q8iqQybdQhGXcAq0SsiCFGGBarfw1u6FLA64skxSY1oER7aTUG0Fk3yaa8eGR5SN6IC3HFU04KaTpI1M0blTeqgfareURan6N5HQwJhx4LvJgNqhWfZm4jqvFdv+bScRKootV2x+UD+WyIZoVi/qCc2ZlWNHKNPC3RWxIdWUWfcJOVcCWX7yKqmXS+S6VH66KlbuF3Vk4RTO4AII3EAFHqEKNWDwCp/wDT+Z98yXB543H/Uyi8wJ/IOX/wX4ArNb</latexit>

= a00|0ih0|+ a01|0ih1|+ a10|1ih0|+ a11|1ih1|

<latexit sha1_base64="tiYIt9QoVh+ZC4baMhfJAFrblrw="></latexit>

|0ih0| ⌘

1
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�
⇥

⇥
1 0
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1 0
0 0

�

<latexit sha1_base64="FFHowULaOEMXnDqYFgOp5uqH3XY="></latexit>

|1ih0| ⌘

0
1

�
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⇥
1 0

⇤
=


0 0
1 0

�

<latexit sha1_base64="jstazdENIQj7xeiuZ1jcRDj/HeI="></latexit>

|0ih1| ⌘

1
0

�
⇥

⇥
0 1

⇤
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0 1
0 0

�

<latexit sha1_base64="PzjM+/3wea5BvBZiOO7uNDPzTLc="></latexit>

|1ih1| ⌘

0
1

�
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⇥
0 1

⇤
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0 0
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�

<latexit sha1_base64="PKQzcILMQXBFokJPncvduNF7V8k="></latexit>
a01 a01
a10 a11

�
= a00


1 0
0 0

�
+ a01


0 1
0 0

�
+ a10


0 0
1 0

�
+ a11


0 0
0 1

�



Outer-product

<latexit sha1_base64="DEqWQDDdo5jJEFFSIMmpHmkAs7w=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJUYUJVUCFiQCiyMRaIPqYkix3Vat44T2Q5SlfYLWPgVFgYQYmVm429w0wzQciTrHp1zr67v8WNGpbKsb2NpeWV1bb2wUdzc2t7ZNff2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyhzdTv/VAhKQRv1ejmLgh6nEaUIyUljyzfHXpyCT0UnoymCBdBpMxdQTiPUYclhU4GHtmyapYGeAisXNSAjnqnvnldCOchIQrzJCUHduKlZsioShmZFJ0EklihIeoRzqachQS6abZORNY1koXBpHQjyuYqb8nUhRKOQp93Rki1Zfz3lT8z+skKrhwU8rjRBGOZ4uChEEVwWk2sEsFwYqNNEFYUP1XiPtIIKx0gkUdgj1/8iJpViv2WaV6d1qqXedxFMAhOALHwAbnoAZuQR00AAaP4Bm8gjfjyXgx3o2PWeuSkc8cgD8wPn8AEV+cww==</latexit>

A =
X

i,j

aij |iihj|

<latexit sha1_base64="xghA0he5n5VFzzn5U5vP4R4BtTI="></latexit>

X =


0 1
1 0

�
= |0ih1|+ |1ih0|

<latexit sha1_base64="c5rKVHQP0Y9r31psSRjIlJO+w/Q="></latexit>

Z =


1 0
0 �1

�
= |0ih0|� |1ih1|

<latexit sha1_base64="0w7IOHXfBd2S1w1THXikz9s37dk="></latexit>

H =
1p
2


1 1
1 �1

�
=

1p
2
[|0ih0|+ |0ih1|+ |1ih0|� |1ih1|]

<latexit sha1_base64="9C0NnZl462kRy0q0uxsXhCIKd6w=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgKcyI2zHoJUcFo4EkhJqeStKkZ6G7RoxD8Fe8eFDEq//hzb+xE3PQxAcFj/eqqKrnJ0oact0vJzc3v7C4lF8urKyurW8UN7duTJxqgTURq1jXfTCoZIQ1kqSwnmiE0Fd46/cvRv7tHWoj4+iaBgm2QuhGsiMFkJXaxZ0m4T1lVQggBB3wLhAO28WSW3bH4LPEm5ASm+CyXfxsBrFIQ4 xIKDCm4bkJtTLQJIXCYaGZGkxA9KGLDUsjCNG0svH1Q75vlYB3Ym0rIj5Wf09kEBozCH3bGQL1zLQ3Ev/zGil1zlqZjJKUMBI/izqp4hTzURQ8kBoFqYElILS0t3LRAw2CbGAFG4I3/fIsuTkseyfl46ujUuV8Ekee7bI9dsA8dsoqrMouWY0J9sCe2At7dR6dZ+fNef9pzTmTmW32B87HN7i8lWk=</latexit>

Hadamard gate

<latexit sha1_base64="rZoeXWYAGnvFs6F1CBRy7C5aWNI=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF08SwSyQDKGnU5M06VnorhHjkC/x4kERr36KN//GTjIHjT4oeLxXRVU9P5FCo+N8WYWl5ZXVteJ6aWNza7ts7+w2dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx9dTf3WPSgt4ugOxwl4IRtEIhCcoZF6drmL8IDZTYx0wBAmPbviVJ0Z6F/i5qRCctR79me3H/M0hAi5ZFp3XCdBL2MKBZcwKXVTDQnjIzaAjqERC0F72ezwCT00Sp8GsTIVIZ2pPycyFmo9Dn3TGTIc6kVvKv7ndVIMLrxMREmKEPH5oiCVFGM6TYH2hQKOcmwI40qYWykfMsU4mqxKJgR38eW/pHlcdc+qp7cnldplHkeR7JMDckRcck5q5JrUSYNwkpIn8kJerUfr2Xqz3uetBSuf2SO/YH18AwRkk1Y=</latexit>

Not gate

<latexit sha1_base64="cegm/VNoWVb+xEJSi/nmjil7hfw=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEw8kV3j60j04hETeUTYkNmhgQmzs+tML5Fs+A4vHjTGqx/jzb9xgD0oWEknlarudHcFsRQGXffbWVpeWV1bz23kN7e2d3YLe/s1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4ObiV8fgjYiUvc4isEPWU+JruAMreS3EJ4wfaA9hjBuF4puyZ2CLhIvI0WSodIufLU6EU9CUMglM6bpuTH6KdMouIRxvpUYiBkfsB40LVUsBOOn06PH9NgqHdqNtC2FdKr+nkhZaMwoDGxnyLBv5r2J+J/XTLB75adCxQmC4rNF3URSjOgkAdoRGjjKkSWMa2FvpbzPNONoc8rbELz5lxdJ7bTkXZTO786K5essjhw5JEfkhHjkkpTJLamQKuHkkTyTV/LmDJ0X5935mLUuOdnMAfkD5/MH8V+SOg==</latexit>

Z gate
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Quantum Measurements



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



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



Classical register vs non-demolition measurement 
<latexit sha1_base64="Nhf8tvPvVs4G5E2MyId6P5bdpU8=">AAACHHicbVBNaxsxFNTm03XTdNMeexExgZ7MrhvSHE166TGB2A7YxrzVPtvCWu1GejIxG/+QXvpXeskhIfTSQ6H/prLjQ74GBMPMezzNJIWSlqLoX7C2vrG5tV15U3278273fbj3oW1zZwS2RK5yc5GARSU1tkiSwovCIGSJwk4y+bbwO1M0Vub6nGYF9jMYaTmUAshLg/BLj/CKyvMx8ksHmlzGLQEhl5a7IvUs5ZTzOb+eDmTPgB4pHIS1qB4twV+SeEVqbIXTQfinl+bCZahJKLC2G0cF9UswJIXCebXnLBYgJjDCrqcaMrT9chluzg+8kvJhbvzTxJfq440SMmtnWeInM6Cxfe4txNe8rqPhcb+UunCEWjwcGjq1iLtoiqfSoCA18wSEkf6vXIzBgCDfZ9WXED+P/JK0G/X4qN44O6w1T1Z1VNgnts8+s5h9ZU32nZ2yFhPsB/vFbtld8DO4Ce6D3w+ja8Fq5yN7guDvf2Dlois=</latexit>

The quantum state is updated to |vii

<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="JU0SR/IqCfrugp5RDTP//b2J7Xo=">AAACGnicbVA9SwNBEN3z2/gVtbRZDIJVuBNRy6CNjaBgopCEMLeZmNW93WN3Tg1HfoeNf8XGQhE7sfHfuIkp/BpY9vHeDPPmxamSjsLwIxgbn5icmp6ZLczNLywuFZdXas5kVmBVGGXseQwOldRYJUkKz1OLkMQKz+Krg4F+do3WSaNPqZdiM4ELLTtSAHmqVYwahLeUH4HucZIJOn6D/DJzxAVY5BCbjDh1kftfmATL/VaxFJbDYfG/IBqBEhvVcav41mgbkSWoSShwrh6FKTVzsCSFwn6hkTlMQVzBBdY91OBdNPPhaX2+4Zk27xjrn/amBuz3iRwS53pJ7DsToK77rQ3I/7R6Rp29Zi51mhFq8bWokylOhg9y4m1pUZDqeQDCSu+Viy5YEOTTLPgQot8n/wW1rXK0U9462S5V9kdxzLA1ts42WcR2WYUdsmNWZYLdsQf2xJ6D++AxeAlev1rHgtHMKvtRwfsnWh2hDw==</latexit>

Many times we just care about the outcome.
<latexit sha1_base64="OOO9fjUxGe4iDchmbdC2dk/+gI4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpwT33eqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14l1WqvcX5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBXS40v</latexit>

0/1

<latexit sha1_base64="kkzSAO6YVlTomIgpYdd2q3n6oWg=">AAACC3icbVC7SgNBFJ31GeMramkzGAQbw66IilXQxkoiGA0kIcxObnRwHsvMXTEs6W38FRsLRWz9ATv/xtmYQqMHLhzOuYfLPXEihcMw/AwmJqemZ2YLc8X5hcWl5dLK6oUzqeVQ50Ya24iZAyk01FGghEZigalYwmV8c5z7l7dgnTD6HPsJtBW70qInOEMvdUobLYQ7zE6N3u6CMlLkMlXAXGpBgcbDQadUDivhEPQviUakTEaodUofra7haZ7mkjnXjMIE2xmzKLiEQbGVOkgYv2FX0PRUMwWunQ1/GdBNr3Rpz1g/GulQ/ZnImHKur2K/qRheu3EvF//zmin2DtqZ0EmKoPn3oV4qKRqaF0O7wgJH2feEcet74JRfM8s4+vqKvoRo/OW/5GKnEu1Vds52y9WjUR0Fsk42yBaJyD6pkhNSI3XCyT15JM/kJXgInoLX4O17dSIYZdbILwTvXwMqm6s=</latexit>

Non-demolition 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="zxOuWlpoivAeRKt4jvf5iIS7iL0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PPGuonIgsFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7eEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvEuKtW783LtOo+jAMdwAmfgwSXU4Bbq0AAGETzDK7w5ynlx3p2PeeuKk88cwR84nz8PdZCV</latexit>

|ii

<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="2dn91RPU5pRDNhipqiRGpddtaTA=">AAACEHicbVDLSgMxFM3UV62vqks3wSK6GmaKqMuiCC4r2Ae0pWQyd9rQTDIkGbEM/QQ3/oobF4q4denOvzF9LLT1QOBw7rk3954g4Uwbz/t2ckvLK6tr+fXCxubW9k5xd6+uZaoo1KjkUjUDooEzATXDDIdmooDEAYdGMLga1xv3oDST4s4ME+jEpCdYxCgxVuoWj9sGHkx2LagMIcRMYIIpJ1pbB8cKenYFUO6oWyx5rjcBXiT+jJTQDNVu8asdSprGIMxkXsv3EtPJiDKMchgV2qmGhNAB6UHLUkFi0J1sctAIH1klxJFU9gmDJ+rvjozEWg/jwDpjYvp6vjYW/6u1UhNddDImktSAoNOPopRjI/E4HRwyBdTwoSWEKmZ3xbRPFKE2BF2wIfjzJy+Setn1z9zy7WmpcjmLI48O0CE6QT46RxV0g6qohih6RM/oFb05T86L8+58TK05Z9azj/7A+fwBqlqc/Q==</latexit>

Encoded in a classical register.



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



Projectors

<latexit sha1_base64="MKwlsb8jrqXhGabdYq3xjegcjLE="></latexit>

Being a vector space, S has an orthonormal basis {|ui}k�1
i=0

<latexit sha1_base64="j7+BwxCJ/OjII15+2Wzp3x9iNIs=">AAACH3icbVDNS8MwHE39nPNr6tFLcAheHO2Q6WUw9OJxovuAtZY0S7ewNC1JKoyu/4kX/xUvHhQRb/tvzLoedPNByOO934/kPS9iVCrTnBorq2vrG5uFreL2zu7efungsC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3Qz8ztPREga8gc1jogToAGnPsVIackt1ZquHSA1xIgl92ndlnHgJrRupo/J6NxK4SR2qS0QHzBis+yCWpm4pbJZMTPAZWLlpAxyNN3St90PcRwQrjBDUvYsM1JOgoSimJG0aMeSRAiP0ID0NOUoINJJsnwpPNVKH/qh0IcrmKm/NxIUSDkOPD05yyIXvZn4n9eLlX/lJJRHsSIczx/yYwZVCGdlwT4VBCs21gRhQfVfIR4igbDSlRZ1CdZi5GXSrlasWqV6d1FuXOd1FMAxOAFnwAKXoAFuQRO0AAbP4BW8gw/jxXgzPo2v+eiKke8cgT8wpj/3ZKOO</latexit>

PS =
k�1X

i=0

|uiihui|
<latexit sha1_base64="DfL+8v6m20BCzi5dA8WZ28bX+Fs=">AAACInicbZDLSsNAFIYnXmu9RV26CRbBVUmK10Wh6MZlRHuBJg2TySQdOrkwMxFKyLO48VXcuFDUleDDOGmzsK0/DPx85xzmnN9NKOFC17+VpeWV1bX1ykZ1c2t7Z1fd2+/wOGUIt1FMY9ZzIceURLgtiKC4lzAMQ5firju6KerdR8w4iaMHMU6wHcIgIj5BUEjkqFemk1khFEMEaXaf54NGc440zYHlwSDAbJY7ak2v6xNpi8YoTQ2UMh310/JilIY4EohCzvuGngg7g0wQRHFetVKOE4hGMMB9aSMYYm5nkxNz7VgST/NjJl8ktAn9O5HBkPNx6MrOYkc+Xyvgf7V+KvxLOyNRkgocoelHfko1EWtFXppHGEaCjqWBiBG5q4aGkEEkZKpVGYIxf/Ki6TTqxnn97O601rou46iAQ3AEToABLkAL3AITtAECT+AFvIF35Vl5VT6Ur2nrklLOHIAZKT+/liillQ==</latexit>

P 2
S = PS = P †

S

<latexit sha1_base64="Fhgewmh+VLl3tvwJZJk3UjuDhgs="></latexit>

Projector on vector subspace S of dim k (S ⇢ H)



Projectors on computational basis

<latexit sha1_base64="tiYIt9QoVh+ZC4baMhfJAFrblrw="></latexit>

|0ih0| ⌘

1
0

�
⇥

⇥
1 0

⇤
=


1 0
0 0

�

<latexit sha1_base64="PzjM+/3wea5BvBZiOO7uNDPzTLc="></latexit>

|1ih1| ⌘

0
1

�
⇥

⇥
0 1

⇤
=


0 0
0 1

�

<latexit sha1_base64="GryxmluqJWVymxZluTWN+wbWwsA="></latexit>

(|xihx|)| i = |xi hx| i| {z }
2C

= hx| i|xi =  x|xi

<latexit sha1_base64="HJoMCIBAHBdW1gMXEmTwL3JoB1k="></latexit>

Projector on computational basis state |xihx|



Projective measurement

<latexit sha1_base64="luIWCllEvLHFiERJojSutjDyxz8=">AAACEHicbVC7SgNBFJ31bXxFLW0Gg2gVdkXUMmhjqZCHkCxhdvbGDM7OrjN3xLDkE2z8FRsLRWwt7fwbJ8kWvg4MHM65lzvnRJkUBn3/05uanpmdm19YLC0tr6yuldc3mia1mkODpzLVlxEzIIWCBgqUcJlpYEkkoRVdn4781i1oI1JVx0EGYcKulOgJztBJ3fJuB+EO83of6I1lCm1CDTIEKgy1WexYTDGlw2654lf9MehfEhSkQgqcd8sfnTjlNgGFXDJj2oGfYZgzjYJLGJY61kDG+DW7grajiiVgwnwcaEh3nBLTXqrdU0jH6veNnCXGDJLITSYM++a3NxL/89oWe8dhLlRmERSfHOpZOYo4aofGQgNHOXCEcS3cXynvM804ug5LroTgd+S/pLlfDQ6r+xcHldpJUccC2SLbZI8E5IjUyBk5Jw3CyT15JM/kxXvwnrxX720yOuUVO5vkB7z3L7ysnQQ=</latexit>

The quantum state is updated to
<latexit sha1_base64="h9vPWT/Oo6gOlT96ecU/1bW2f+k=">AAACFHicbVBNS8NAEJ3Ur1q/oh69BIsgCCUpoh6LXjxWsB/QhLDZbtqlm03Y3Qgl6Y/w4l/x4kERrx68+W/ctjlo64OBx3szzMwLEkalsu1vo7Syura+Ud6sbG3v7O6Z+wdtGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QSjm6nfeSBC0pjfq3FCvAgNOA0pRkpLvnnmhgLhrOnT3E0kdQXiA0YmWZ4vSHk+8c2qXbNnsJaJU5AqFGj65pfbj3EaEa4wQ1L2HDtRXoaEolgvqbipJAnCIzQgPU05ioj0stlTE+tEK30rjIUurqyZ+nsiQ5GU4yjQnRFSQ7noTcX/vF6qwisvozxJFeF4vihMmaVia5qQ1aeCYMXGmiAsqL7VwkOkU1I6x4oOwVl8eZm06zXnola/O682ros4ynAEx3AKDlxCA26hCS3A8AjP8ApvxpPxYrwbH/PWklHMHMIfGJ8/de+gWg==</latexit>

Pi| i
||Pi| i||

<latexit sha1_base64="zTZlAYQRdpctglvJqDGNws6nuQE=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9Vj04rGC/YAmhM120y7dbMLuplBi/4kXD4p49Z9489+4aXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJQtsk4YnshVhRzgRta6Y57aWS4jjktBuO7wq/O6FSsUQ86mlK/RgPBYsYwdpIgW23AvbkpYp5Eoshp9XArjl1Zw60StyS1KBEK7C/vEFCspgKTThWqu86qfZzLDUjnM6qXqZoiskYD2nfUIFjqvx8fvkMnRtlgKJEmhIazdXfEzmOlZrGoemMsR6pZa8Q//P6mY5u/JyJNNNUkMWiKONIJ6iIAQ2YpETzqSGYSGZuRWSEJSbahFWE4C6/vEo6jbp7VW88XNaat2UcFTiFM7gAF66hCffQgjYQmMAzvMKblVsv1rv1sWhds8qZE/gD6/MHRjKTbQ==</latexit>

Pi| i

<latexit sha1_base64="WQTvPysjxFpz3QBlZVjgBVyu7jw="></latexit>

Probability of outcome i reads: P (i) = ||Pi| i||2
<latexit sha1_base64="fGFsCbh9NInF8Zu0VH7jBKcqQ74=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GpM1BWx8MPN6bYWaeFwmujW1/W4W19Y3NreJ2aWd3b/+gfHjU0mGsGDZZKELV8ahGwSU2DTcCO5FCGngC2974NvPbE1Sah/LBTCN0AzqU3OeMmlRyn3qR5j1F5VBgqV+u2FV7DrJKnJxUIEejX/7qDUIWBygNE1TrrmNHxk2oMpwJnJV6scaIsjEdYjelkgao3WR+9IycpcqA+KFKSxoyV39PJDTQehp4aWdAzUgve5n4n9eNjX/tJlxGsUHJFov8WBATkiwBMuAKmRHTlFCmeHorYSOqKDNpTlkIzvLLq6RVqzqX1dr9RaV+k8dRhBM4hXNw4ArqcAcNaAKDR3iGV3izJtaL9W59LFoLVj5zDH9gff4Ap6CSBg==</latexit>

| i

<latexit sha1_base64="fo9MNQPHfcpnkwyQXTdLZEeTjkc="></latexit>

Satisfy orthogonal relation: PmPn = �n,mPm

<latexit sha1_base64="9Ijp9rVT6dvWfrNxso3QTa5eaD8=">AAACLnicbVBNS8NAEN34WetX1aOXwSJ4KomIevQDwWMF+wFtCJvtRFc32bC7EUvoL/LiX9GDoCJe/Rlu2xzUOjDweG+GefPCVHBtXPfVmZqemZ2bLy2UF5eWV1Yra+tNLTPFsMGkkKodUo2CJ9gw3AhspwppHApshbenQ711h0pzmVyafop+TK8SHnFGjaWCylnX4L3JjyFV8gaZ4XcIMVKdKYwxMcBkoq0LkBFQ0DgCxahUGmAAUA94UKm6NXdUMAm8AlRJUfWg8tztSZYNTzBBte54bmr8nCrDmcBBuZtpTCm7pVfYsTChMWo/H707gG3L9CCSyvbIomV/buQ01rofh3YypuZa/9WG5H9aJzPRoZ/zJM0MJmx8KMoEGAnD7KDHlf1b9C2gTHHrFdg1VZQZm3DZhuD9fXkSNHdr3n5t92KvenRSxFEim2SL7BCPHJAjck7qpEEYeSBP5I28O4/Oi/PhfI5Hp5xiZ4P8KufrG7DPqNw=</latexit>

A projective measurement consist of a set of projectors Pi

<latexit sha1_base64="sVV3th2IZMfcBp2N3S5iM095pto=">AAACBHicbVBNS8NAEJ3Ur1q/oh57WSyCp5IUUY9FLx4r2g9oQtlst+3SzSbsboQSe/DiX/HiQRGv/ghv/hs3bQ7a+mDg8d4MM/OCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlTNCmZprTTiwpDgNO28H4KvPb91QqFok7PYmpH+KhYANGsDZSzy4/ePGIeRKLIaceE16I9Yhgnt5OSz274lSdGdAycXNSgRyNnv3l9SOShFRowrFSXdeJtZ9iqRnhdFryEkVjTMZ4SLuGChxS5aezJ6bo2Ch9NIikKaHRTP09keJQqUkYmM7sRrXoZeJ/XjfRgws/ZSJONBVkvmiQcKQjlCWC+kxSovnEEEwkM7ciMsISE21yy0JwF19eJq1a1T2r1m5OK/XLPI4ilOEITsCFc6jDNTSgCQQe4Rle4c16sl6sd+tj3lqw8plD+APr8wcq15hs</latexit>

|�i 2 S

<latexit sha1_base64="VKzmI409Jc3Yg5HCdlDSjw1SWCU="></latexit>

Satisfying a completeness relation:
lX

i=0

Pi = Id



A degenerate 3 dimensional quantum system

<latexit sha1_base64="t1PMFb5xUZFBtOJ/C0Ow+6+heao=">AAAB/XicbVBNS8NAEN34WetX/Lh5CRbBU0mKqHgq9uKxgv2ANpTNdtou3U3C7kSsofhXvHhQxKv/w5v/xm2bg7Y+GHi8N8PMvCAWXKPrfltLyyura+u5jfzm1vbOrr23X9dRohjUWCQi1QyoBsFDqCFHAc1YAZWBgEYwrEz8xj0ozaPwDkcx+JL2Q97jjKKROvZhG+EB00okYwEIIWh9Ne7YBbfoTuEsEi8jBZKh2rG/2t2IJRJCZIJq3fLcGP2UKuRMwDjfTjTElA1pH1qGhlSC9tPp9WPnxChdpxcpUyE6U/X3REql1iMZmE5JcaDnvYn4n9dKsHfppzyME/MYmy3qJcLByJlE4XS5AoZiZAhliptbHTagijI0geVNCN78y4ukXip658XS7VmhfJ3FkSNH5JicEo9ckDK5IVVSI4w8kmfySt6sJ+vFerc+Zq1LVjZzQP7A+vwBQcuVvw==</latexit>

Completeness:

<latexit sha1_base64="VAcz0eelP8LNS1CEWT7u6LXFRm8=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqswUUXFVdOPOCvYB7VAyadqGZpIhuSOWobjxV9y4UMStX+HOvzFtZ6GtBy4czrk3ufeEseAGPO/bWVhcWl5Zza3l1zc2t7bdnd2aUYmmrEqVULoREsMEl6wKHARrxJqRKBSsHg6uxn79nmnDlbyDYcyCiPQk73JKwEptd78F7AHSGw19JZWOiMD2OW4uRm234BW9CfA88TNSQBkqbfer1VE0iZgEKogxTd+LIUiJBk4FG+VbiWExoQPSY01LJYmYCdLJCSN8ZJUO7iptSwKeqL8nUhIZM4xC2xkR6JtZbyz+5zUT6J4HKZdxAkzS6UfdRGBQeJwH7nDNKIihJYRqbnfFtE80oWBTy9sQ/NmT50mtVPRPi6Xbk0L5Mosjhw7QITpGPjpDZXSNKqiKKHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPv25fG</latexit>

Orthonormal basis:

Rank 2 projector

<latexit sha1_base64="ite3MNGDIJBRfWN1DvB/3M8F8OU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF4+YyMPAhswOvTBhdnYzM2tCkK/w4kFjvPo53vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HTWUVT2BXaLJbfszkCWiZeREmSodYtfnV7M0gilYYJq3fbcxPhjqgxnAieFTqoxoWxI+9i2VNIItT+eHTwhJ1bpkTBW tqQhM/X3xJhGWo+iwHZG1Az0ojcV//PaqQmv/DGXSWpQsvmiMBXExGT6PelxhcyIkSWUKW5vJWxAFWXGZlSwIXiLLy+TRqXsXZQrd+el6nUWRx6O4BhOwYNLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/vBSQXw==</latexit>

|3i

<latexit sha1_base64="pd7pRN7WADTuLQQR0DC7H0IQGVQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuP6QXQ==</latexit>

|1i

<latexit sha1_base64="vzO0fStMxj99H4uK9MPkKdA0JBk=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PFW7isqBwF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXibNasW7qFTvzsu16zyOAhzDCZyBB5dQg1uoQwMYRPAMr/DmKOfFeXc+5q0rTj5zBH/gfP4AuomQXg==</latexit>

|2i

<latexit sha1_base64="WNMNMn811Opx0m29CSUGz4UuxEI=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyVpRd0IRTcuK9gLNCFMpift0MkkzEyE0nbhxldx40IRtz6EO9/GpM1CW38Y+PjPOZw5vx9zprRlfRsrq2vrG5uFreL2zu7evnlw2FJRIik0acQj2fGJAs4ENDXTHDqxBBL6HNr+8Cartx9AKhaJez2KwQ1JX7CAUaJTyzNLDa82cWLFHElEn8MVndRyLHpm2apYM+FlsHMoo1wNz/xyehFNQhCacqJU17Zi7Y6J1IxymBadREFM6JD0oZuiICEodzw7YopPUqeHg0imT2g8c39PjEmo1Cj0086Q6IFarGXmf7VuooNLd8xEnGgQdL4oSDjWEc4SwT0mgWo+SoFQydK/YjogklCd5paFYC+evAytasU+r1Tvzsr16zyOAiqhY3SKbHSB6ugWNVATUfSIntErejOejBfj3fiYt64Y+cwR+iPj8wcplpfJ</latexit>

P3| i = c|3i

<latexit sha1_base64="D7n4/itgREDH5ZKE/KeF7pii58Q="></latexit>2

4
0 0 0
0 0 0
0 0 1

3

5+

2

4
1 0 0
0 1 0
0 0 0

3

5 =

2

4
1 0 0
0 1 0
0 0 1

3

5

<latexit sha1_base64="pd7pRN7WADTuLQQR0DC7H0IQGVQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5NmteJdVKp35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuP6QXQ==</latexit>

|1i <latexit sha1_base64="vzO0fStMxj99H4uK9MPkKdA0JBk=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PFW7isqBwF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXibNasW7qFTvzsu16zyOAhzDCZyBB5dQg1uoQwMYRPAMr/DmKOfFeXc+5q0rTj5zBH/gfP4AuomQXg==</latexit>

|2i

<latexit sha1_base64="ite3MNGDIJBRfWN1DvB/3M8F8OU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF4+YyMPAhswOvTBhdnYzM2tCkK/w4kFjvPo53vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HTWUVT2BXaLJbfszkCWiZeREmSodYtfnV7M0gilYYJq3fbcxPhjqgxnAieFTqoxoWxI+9i2VNIItT+eHTwhJ1bpkTBWtqQhM/X3xJhGWo+iwHZG1Az0ojcV//PaqQmv/DGXSWpQsvmiMBXExGT6PelxhcyIkSWUKW5vJWxAFWXGZlSwIXiLLy+TRqXsXZQrd+el6nUWRx6O4BhOwYNLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/vBSQXw==</latexit>

|3i
<latexit sha1_base64="QGrjDTsRSooBRBn6U4Nr6vP9gsg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9VgUwWMF+wFtKJvtpl26uwm7E6GU/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxFJYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2bZQYxhsskpFpB9RyKTRvoEDJ27HhVAWSt4LRbea3nrixItKPOI65r+hAi1Awipl01zsv9kplt+LOQJaJl5My5Kj3Sl/dfsQSxTUySa3teG6M/oQaFEzyabGbWB5TNqID3kmppopbfzK7dUpOU6VPwsikpZHM1N8TE6qsHasg7VQUh3bRy8T/vE6C4bU/ETpOkGs2XxQmkmBEssdJXxjOUI5TQpkR6a2EDamhDNN4shC8xZeXSbNa8S4r1YeLcu0mj6MAx3ACZ+DBFdTgHurQAAZDeIZXeHOU8+K8Ox/z1hUnnzmCP3A+fwD4KI2K</latexit>

E3

<latexit sha1_base64="RoTKOSPrUlMrC3x7OcfFarDjCfE=">AAACF3icbZDLSsNAFIYnXmu9RV26GSyCIISkiroRim5cVrAXaEKZTCft0MkkzEyEkvQt3Pgqblwo4lZ3vo2TNoK2/jDw8Z9zOHN+P2ZUKtv+MhYWl5ZXVktr5fWNza1tc2e3KaNEYNLAEYtE20eSMMpJQ1HFSDsWBIU+Iy1/eJ3XW/dESBrxOzWKiReiPqcBxUhpq2tamRtL6grE+4xcoswp8NjPqj+Is5MCy12zYlv2RHAenAIqoFC9a366vQgnIeEKMyRlx7Fj5aVIKIoZGZfdRJIY4SHqk45GjkIivXRy1xgeaqcHg0joxxWcuL8nUhRKOQp93RkiNZCztdz8r9ZJVHDhpZTHiSIcTxcFCYMqgnlIsEcFwYqNNCAsqP4rxAMkEFY6yjwEZ/bkeWhWLefMqt6eVmpXRRwlsA8OwBFwwDmogRtQBw2AwQN4Ai/g1Xg0no03433aumAUM3vgj4yPb/IIn8M=</latexit>

| i = a|1i+ b|2i+ c|3i

<latexit sha1_base64="9yHdr5fXYZef+P/e3P7jJkBxpjw="></latexit>

Update: | 0i = 1p
|a|2 + |b|2

(a|1i+ b|2i) <latexit sha1_base64="mlDceFww3aql8pvEQtkYHICAZfY=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkQdSNUHTjsoK9QBPCZDpph04mYWYilLTP4MZXceNCEbeu3Pk2TtostPWHgY//nMOZ8wcJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FNXm8/ECFpzO/VKCFehPqchhQjpS3fPGn4me1Mxm4iqSsQ7zNyhcZ2gafB2Cmw4ptVq2ZNBRfBLqAKCjV888vtxTiNCFeYISm7tpUoL0NCUczIpOKmkiQID1GfdDVyFBHpZdOTJvBIOz0YxkI/ruDU/T2RoUjKURTozgipgZyv5eZ/tW6qwksvozxJFeF4tihMGVQxzPOBPSoIVmykAWFB9V8hHiCBsNIp5iHY8ycvQsup2ec15+6sWr8u4iiDA3AIjoENLkAd3IIGaAIMHsEzeAVvxpPxYrwbH7PWklHM7IM/Mj5/AMe7nYk=</latexit>

P12| i = a|1i+ b|2i

<latexit sha1_base64="vAqv3XuMwHAxao6ZOHKcIICI3FY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEErSinoRil70FsF+QBvCZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5gUJZ0rb9rdVWFldW98obpa2tnd298r7By0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Pbqd9+olKxWDzqcUK9CA8ECxnB2kg916+fuX7m1CbX9365YlftGdAycXJSgRyuX/7q9WOSRlRowrFSXcdOtJdhqRnhdFLqpYommIzwgHYNFTiiystmN0/QiVH6KIylKaHRTP09keFIqXEUmM4I66Fa9Kbif1431eGVlzGRpJoKMl8UphzpGE0DQH0mKdF8bAgmkplbERliiYk2MZVMCM7iy8ukVas6F9Xaw3mlcZPHUYQjOIZTcOASGnAHLjSBQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPVuWQlg==</latexit>

P3 + P12 = I

<latexit sha1_base64="Bh+5dCaNRLaZNX9IySeWI2dFgp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiCB4r2A9oQ9lsp+3SzSbsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IBZcG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJbea3n1BpHslHM43RD+lI8iFn1FipfddPvdqs1C9X3Ko7B1klXk4qkKPRL3/1BhFLQpSGCap113Nj46dUGc4Ezkq9RGNM2YSOsGuppCFqP52fOyNnVhmQYaRsSUPm6u+JlIZaT8PAdobUjPWyl4n/ed3EDK/9lMs4MSjZYtEwEcREJPudDLhCZsTUEsoUt7cSNqaKMmMTykLwll9eJa1a1bus1h4uKvWbPI4inMApnIMHV1CHe2hAExhM4Ble4c2JnRfn3flYtBacfOYY/sD5/AEs0o7Q</latexit>

E12

<latexit sha1_base64="Evr+cNAUPkjrOUCHwMXRY7si0mo=">AAACFHicbVDLSsNAFJ34rPUVdekmWIRKoSShqJtC0Y3LCPYBTSyT6bQdOpmEmYlQkn6EG3/FjQtF3Lpw5984abPQ1gNzOZxzL3fu8SNKhDTNb21ldW19Y7OwVdze2d3b1w8OWyKMOcJNFNKQd3woMCUMNyWRFHcijmHgU9z2x9eZ337AXJCQ3clJhL0ADhkZEASlknp6xSlb9lk9TZ1eYtnT1I0EcTlkQ4rT9N6up1DVSuqrWuzpJbNqzmAsEysnJZDD6elfbj9EcYCZRBQK0bXMSHoJ5JIgiqdFNxY4gmgMh7irKIMBFl4yO2pqnCqlbwxCrh6Txkz9PZHAQIhJ4KvOAMqRWPQy8T+vG8vBpZcQFsUSMzRfNIipIUMjS8joE46RpBNFIOJE/dVAI8ghkirHLARr8eRl0rKr1nm1dlsrNa7yOArgGJyAMrDABWiAG+CAJkDgETyDV/CmPWkv2rv2MW9d0fKZI/AH2ucPxSidaw==</latexit>

P (12) = ||P12| i||2 = |a|2 + |b|2



Projective measurement

<latexit sha1_base64="GdAlDhca7OrNzran35dYUN2D76g=">AAACHHicbVDLSsNAFJ34rPUVdelmsAiuSqKi4qrYjcsKtgptKJPJbTs4yYSZG7GEfogbf8WNC0XcuBD8GydtF74ODJw5514u54SpFAY979OZmZ2bX1gsLZWXV1bX1t2NzZZRmebQ5EoqfR0yA1Ik0ESBEq5TDSwOJVyFN/XCv7oFbYRKLnGYQhCzfiJ6gjO0Utc96CDcYV5XcSoBIQFjqLBcgKGpViELhRRY/FgUUVTUPx113YpX9cagf4k/JRUyRaPrvncixbMYEuSSGdP2vRSDnGkUXMKo3MkMpIzfsD60LU1YDCbIx+FGdNcqEe0pbV+CdKx+38hZbMwwDu1kzHBgfnuF+J/XzrB3EuQiSTObm08O9TJZhCyaopHQwFEOLWFc2xI45QOmGUfbZ9mW4P+O/Je09qv+UXX/4rBSO5vWUSLbZIfsEZ8ckxo5Jw3SJJzck0fyTF6cB+fJeXXeJqMzznRni/yA8/EFeNeiLg==</latexit>

Completeness implies probabilities add to 1:

<latexit sha1_base64="W2KcYzHhim1QBwcjcIQk1EU2euI=">AAACTHicfVDNS8MwHE2nzjm/qh69BIfgabRD1Mtg6MXjBPcB6yxp9lsXlqYlSYWx7Q/04sGbf4UXD4oItlsPbhMfBB7vgyTPizhT2rJejdza+kZ+s7BV3N7Z3ds3Dw6bKowlhQYNeSjbHlHAmYCGZppDO5JAAo9DyxvepH7rEaRiobjXowi6AfEF6zNKdCK5Jq06Kg5chh1OhM/BiRSb4LrLHpwe8X2QKZ+kqiNnAVxdjGb1fxpF1yxZZWsGvErsjJRQhrprvji9kMYBCE05UapjW5HujonUjHKYFp1YQUTokPjQSaggAajueDbGFJ8mSg/3Q5kcofFM/d0Yk0CpUeAlyYDogVr2UvEvrxPr/lV3zEQUaxB0flE/5liHOF0W95gEqvkoIYRKlrwV0wGRhOpk/3QEe/nLq6RZKdsX5crdeal2nc1RQMfoBJ0hG12iGrpFddRAFD2hN/SBPo1n4934Mr7n0ZyRdY7QAnL5Hxj1tIc=</latexit>

=
X

i

h |P †
i Pi| i = h |

X

i

P †
i Pi| i

<latexit sha1_base64="tUnqiPQmvtQxbzNrB6kARjm5IBI=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARqouSFFE3QtGNywj2Ak0Mk+mkHTqZhJmJUNK+gxtfxY0LRdy6cefbOGm70NYfBj7+cw5nzh8kjEplWd9GYWl5ZXWtuF7a2Nza3jF395oyTgUmDRyzWLQDJAmjnDQUVYy0E0FQFDDSCgbXeb31QISkMb9Tw4R4EepxGlKMlLZ888SVaeRTp0KPL6cIRyPo+HTkJpK6AvEeI9q6r5V8s2xVrYngItgzKIOZHN/8crsxTiPCFWZIyo5tJcrLkFAUMzIuuakkCcID1CMdjRxFRHrZ5KYxPNJOF4ax0I8rOHF/T2QoknIYBbozQqov52u5+V+tk6rwwssoT1JFOJ4uClMGVQzzgGCXCoIVG2pAWFD9V4j7SCCsdIx5CPb8yYvQrFXts2rt9rRcv5rFUQQH4BBUgA3OQR3cAAc0AAaP4Bm8gjfjyXgx3o2PaWvBmM3sgz8yPn8A5Tydig==</latexit>X

i

P (i) =
X

i

||Pi| i||2

<latexit sha1_base64="BTSSjpc9yzuDI9SfQNxuDZNE/M4=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6qZQdOOygn1AE8JkOmmHTiZhZiKUtL/jxl9xo6CoW3/ESZpFbT0wcDjnXO7c48eMSmVZX0ZpbX1jc6u8XdnZ3ds/MA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1x7eZ330kQtKIP6hJTNwQDTkNKEZKS57ZbECHIT5kxIklnUJHJqFHYcuj00xwRO41FjOLul3xzKpVs3LAVWIXpAoKtDzzzRlEOAkJV5ghKfu2FSs3RUJRzMis4iSSxAiP0ZD0NeUoJNJN80tn8EwrAxhEQj+uYK4uTqQolHIS+joZIjWSy14m/uf1ExVcuynlcaIIx/NFQcKgimBWGxxQQbBiE00QFlT/FeIREggrXW5Wgr188irp1Gv2Za1+f1Ft3hR1lMEJOAXnwAZXoAnuQAu0AQZP4AW8gw/j2Xg1Po3vebRkFDPH4A+Mn1+Slqdx</latexit>

= h |
X

i

Pi| i = h | i = 1

<latexit sha1_base64="eNMi5MqKfluuWVnc5wz2mCHsBXM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSFFEvhaIXvVWwrdDGsNls2qW7m7C7EUrIxb/ixYMiXv0Z3vw3btsctPXBwOO9GWbmBQmjSjvOt1VaWl5ZXSuvVzY2t7Z37N29jopTiUkbxyyW9wFShFFB2ppqRu4TSRAPGOkGo6uJ330kUtFY3OlxQjyOBoJGFCNtJN8+6KuU+xltOPlDxvKWzxo3fhbmvl11as4UcJG4BamCAi3f/uqHMU45ERozpFTPdRLtZUhqihnJK/1UkQThERqQnqECcaK8bPpADo+NEsIolqaEhlP190SGuFJjHphOjvRQzXsT8T+vl+rowsuoSFJNBJ4tilIGdQwnacCQSoI1GxuCsKTmVoiHSCKsTWYVE4I7//Ii6dRr7lmtfntabV4WcZTBITgCJ8AF56AJrkELtAEGOXgGr+DNerJerHfrY9ZasoqZffAH1ucP2ueWlA==</latexit>

lX

i=0

Pl = Id

<latexit sha1_base64="OfSAsteRYIZ/zsV4mGz5tMFdh8A=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKrzKYxjKCeUASwuzkJhky+2DmrhiWNDb+io2FIrb+g51/42SzhSYeGDiccy93zvEiKTQ6zreVW1peWV3Lrxc2Nre2d+zdvboOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4o8rUb9yD0iIM7nAcQcdng0D0BWdopK592EZ4wKQS+pEEhAC0pgpk6k66dtEpOSnoInEzUiQZql37q9 0LeexDgFwyrVuuE2EnYQoFlzAptGMNEeMjNoCWoQHzQXeSNMWEHhulR/uhMi9Amqq/NxLmaz32PTPpMxzqeW8q/ue1YuxfdRIRRLEJyGeH+rGkGNJpJbQnFHCUY0MYV8L8lfIhU4yjKa5gSnDnIy+S+mnJvSid354Vy9dZHXlyQI7ICXHJJSmTG1IlNcLJI3kmr+TNerJerHfrYzaas7KdffIH1ucPrBiZVg==</latexit>

Completeness relation

<latexit sha1_base64="9qXIc49MePdSNuvjVSzSeaNcNHg=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRLxtSy6ceGign1AG8pkOmmHTiZh5qZYQv/EjQtF3Pon7vwbp20W2npg4HDOPdy5J0gE1+i631ZhZXVtfaO4Wdra3tnds/cPGjpOFWV1GotYtQKimeCS1ZGjYK1EMRIFgjWD4e3Ub46Y0jyWjzhOmB+RvuQhpwSN1LXtDrInzO5NnCiO40nXLrsVdwZnmXg5KUOOWtf+6vRimkZMIhVE67bnJuhnRCGngk1KnVSzhNAh6bO2oZJETPvZ7OcT58QoPSeMlXkSnZn6O5GRSOtxFJjJiOBAL3pT8T+vnWJ47WdcJikySeeLwlQ4GDvTGpweV4yiGBtCqDmcU4cOiCIUTVklU4K3ePIyaZxVvMvKxcN5uXqT11GEIziGU/DgCqpwBzWoA4URPMMrvFmZ9WK9Wx/z0YKVZw7hD6zPH1JqlB8=</latexit>

Linearity
<latexit sha1_base64="cyl3IYRkmxuUNYMIZot4BXW51To=">AAACInicbVDLSsNAFJ34rPUVdekmWARXJSk+F0LRjcuK9gFNGiaTSTt0MgkzE6GEfIsbf8WNC0VdCX6MkzYLTT0wcOace7n3Hi+mREjT/NIWFpeWV1Yra9X1jc2tbX1ntyOihCPcRhGNeM+DAlPCcFsSSXEv5hiGHsVdb3yd+90HzAWJ2L2cxNgJ4ZCRgCAoleTqFy03tUMoRwjS9C7LBo3LklL+D2wfDoeYu3rNrJtTGPPEKkgNFGi5+oftRygJMZOIQiH6lhlLJ4VcEkRxVrUTgWOIxnCI+4oyGGLhpNMTM+NQKb4RRFw9Jo2p+rsjhaEQk9BTlfmuouzl4n9eP5HBuZMSFicSMzQbFCTUkJGR52X4hGMk6UQRiDhRuxpoBDlEUqVaVSFY5ZPnSadRt07rJ7fHteZVEUcF7IMDcAQscAaa4Aa0QBsg8AiewSt40560F+1d+5yVLmhFzx74A+37B5jwpZU=</latexit>

P 2
S = PS = P †

S

<latexit sha1_base64="ZDqW/0OIbORLFMdZz8BFpbUp0uM=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiTF10YounEZwT6giWEynbZDJ5MwMxFK0pUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufeeIGZUKsv6NhYWl5ZXVgtrxfWNza1tc2e3IaNEYFLHEYtEK0CSMMpJXVHFSCsWBIUBI81gcD32mw9ESBrxOzWMiReiHqddipHSkm8eQKdMjy+zDDo+zdxYUlcg3mMEZtl91TdLVsWaAM4TOyclkMPxzS+3E+EkJFxhhqRs21asvBQJRTEjo6KbSBIjPEA90taUo5BIL528MYJHWunAbiR0cQUn6u+JFIVSDsNAd4ZI9eWsNxb/89qJ6l54KeVxogjH00XdhEEVwXEmsEMFwYoNNUFYUH0rxH0kEFY6uaIOwZ59eZ40qhX7rHJ6e1KqXeVxFMA+OARlYINzUAM3wAF1gMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx+9U5gP</latexit>

P (i) = ||Pi| i||2

<latexit sha1_base64="SFcqYI3PS7fE1XHWhzYC1yxzLZ8=">AAAB9XicbVDJSgNBEO1xjXGLevTSGARPYUbc8BT04jGCWSAZQ0+nJmnS0zN016hhyH948aCIV//Fm39jZzlo4oOCx3tV3VUvSKQw6LrfzsLi0vLKam4tv76xubVd2NmtmTjVHKo8lrFuBMyAFAqqKFBCI9HAokBCPehfj/z6A2gjYnWHgwT8iHWVCAVnaKX7FsITZnWgqYHLYbtQdEvuGHSeeFNSJFNU2oWvVifmaQQKuWTGND03QT9jGgWXMMy37LMJ433WhaalikVg/Gy89ZAeWqVDw1jbUkjH6u+JjEXGDKLAdkYMe2bWG4n/ec0Uwws/EypJERSffBSmkmJMRxHQjtDAUQ4sYVwLuyvlPaYZRxtU3obgzZ48T2rHJe+sdHp7UixfTePIkX1yQI6IR85JmdyQCqkSTjR5Jq/kzXl0Xpx352PSuuBMZ/bIHzifP4jukow=</latexit>

We use:



Reproducibility of measurement + Global phase

<latexit sha1_base64="FfS5wbHuQYJkyp7giVupTvrJdKY=">AAACJXicdVDLSgMxFL3js9bXqEs3wSK4KjNF1IVC0Y3LCvYBnTJk0rQNzWSGJFMoY3/Gjb/ixoVFBFf+ium0i9rqgZDDOeeS3BPEnCntOF/Wyura+sZmbiu/vbO7t28fHNZUlEhCqyTikWwEWFHOBK1qpjltxJLiMOC0HvTvJn59QKVikXjUw5i2QtwVrMMI1kby7euKz54GPvMkFl1Ob+a4x7MLDf5N+HbBKToZ0DJxZ6QAM1R8e+y1I5KEVGjCsVJN14l1K8VSM8LpKO8lisaY9HGXNg0VOKSqlWZbjtCpUdqoE0lzhEaZOj+R4lCpYRiYZIh1Ty16E/Evr5nozlUrZSJONBVk+lAn4UhHaFIZajNJieZDQzCRzPwVkR6WmGhTbN6U4C6uvExqpaJ7USw9nBfKt7M6cnAMJ3AGLlxCGe6hAlUg8Ayv8A5j68V6sz6sz2l0xZrNHMEvWN8/Wz6nBQ==</latexit>

Pi|vii = |viihvi|vii = |vii
<latexit sha1_base64="pVoZiFgIYwjU51582mKlBqTov34="></latexit>

Pj |vii = |vjihvj |vii = 0 if i 6= j

<latexit sha1_base64="jwhkv5UtpQxdnNt5abuxyUYCQcY="></latexit>

Repeating the same measurement immediately after, gives the same answer.

<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="RCyxqBJFohd1H1Ke4El2KvdDywE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUUt0IRTcuK9iHtGPJpJk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nog4XDOvdx7TxBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/M/PYTVZpF8t5MYuoLPJQsZAQbKz00+uyxcmX/frHklt050CrxMlKCDI1+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cLT9GZVQYojJR90qC5+rsjxULriQhspcBmpJe9mfif101MeOmnTMaJoZIsBoUJRyZCs+vRgClKDJ9YgolidldERlhhYmxGBRuCt3zyKmlVyl6tXL2rlurXWRx5OIFTOAcPLqAOt9CAJhAQ8Ayv8OYo58V5dz4WpTkn6zmGP3A+fwDuQY/a</latexit>

P 2
i = Pi

<latexit sha1_base64="ukLVfdmz6rapJW60QKlb//l7Rd0=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkRFVdFN+6sYB/QhjKZTtqhk0mYuRFDKLjxV9y4UMStP+HOv3HaZqGtBwYO59zLnXP8WHANjvNtLSwuLa+sFtaK6xubW9v2zm5DR4mirE4jEamWTzQTXLI6cBCsFStGQl+wpj+8GvvNe6Y0j+QdpDHzQtKXPOCUgJG69n4H2ANkNwnECeBYRT7xueCQXoy6dskpOxPgeeLmpIRy1Lr2V6cX0SRkEqggWrddJwYvIwo4FWxU7CSaxYQOSZ+1DZUkZNrLJhlG+MgoPRxEyjwJeKL+3shIqHUa+mYyJDDQs95Y/M9rJxCcexmXJh+TdHooSASGCI8LwT2uGAWRGkKo4uavmA6IIhRMbUVTgjsbeZ40KmX3tFy5PSlVL/M6CugAHaJj5KIzVEXXqIbqiKJH9Ixe0Zv1ZL1Y79bHdHTBynf20B9Ynz/x6Jhb</latexit>

Output probability:
<latexit sha1_base64="6+fYKc/OQoAku2aYgHBafvnT4lc="></latexit>

P (i) = ||Pi| ̃i||2 = |ei'hvi| i|2 = |hvi| i|2

<latexit sha1_base64="j78lQ/Sw2X2M9PltYAS9NMR70vc=">AAACS3icbVBNTxsxEPWm0NKUlrQ99mIRVeIU7VYIUE+o5cARJAJI2TSadWYTC6/X2LNRo2X/H5deeuNP9NJDEeKAN+yBj45k6fm9NzP2S4ySjsLwKmi9WFp++WrldfvN6tt3a533H45dXliBfZGr3J4m4FBJjX2SpPDUWIQsUXiSnH2v9ZMZWidzfURzg8MMJlqmUgB5atRJYsKfVO5h6gdw4I6AkBeGU+5vE5UnoLiZ+g1fOa /4RUxSjbGMjZNVbEFPFPIYzws54/ijlPEMrJnK6qI2NPqo0w174aL4cxA1oMuaOhh1fsfjXBQZahIKnBtEoaFhCZakUFi148KhAXEGExx4qCFDNywXWVT8s2fGPM2tP5r4gn3YUULm3DxLvDMDmrqnWk3+TxsUlO4MS6lNQajF/aK0UHVQdbB8LC0KUnMPQFjp38rFFCwI8vG3fQjR0y8/B8dfetFWb/Nws7v7rYljhX1i62yDRWyb7bJ9dsD6TLBL9of9Y9fBr+BvcBPc3ltbQdPzkT2q1vIdExu0vA==</latexit>

Define a state up to a global phase: | ̃i ⌘ ei'| 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="rUXbE9GcYn4nsPGo2FLLFRUPHZk="></latexit>

Completness: |+ih+|+ |�ih�| ⌘ 1
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<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="RzmbTIOCCglxSslqH+dtBkApYkI="></latexit>

P|�i| i =
1
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<latexit sha1_base64="LxOkVY6fURvDJG/hN+NSp7YJGW0="></latexit>

P|�i = |�ih�| ⌘
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<latexit sha1_base64="G7/g8dK6FbaoY7h+lCEhu9Wy9r0=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKAytEqqCliQKlgYg0QfUlMqx3Vaq44T2Q5SlfQPWPgVFgYQYmVl429w2wzQciRL555zr67v8SJGpbKsb2NpeWV1bT23kd/c2t7ZNff2GzKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0htcTv/lAhKQhv1OjiHQC1OfUpxgpLXXNE6dYOr1MU+h0k7TkCsT7jIxTN5I0K2Ca3le6ZsEqW1PARWJnpAAyOF3zy+2FOA4IV5ghKdu2FalOgoSiWC/Iu7EkEcJD1CdtTTkKiOwk03vG8FgrPeiHQj+u4FT9PZGgQMpR4OnOAKmBnPcm4n9eO1b+RSehPIoV4Xi2yI8ZVCGchAN7VBCs2EgThAXVf4V4gATCSkeY1yHY8ycvkkalbJ+Vq7fVQu0qiyMHDsERKAIbnIMauAEOqAMMHsEzeAVvxpPxYrwbH7PWJSObOQB/YHz+ABKenBk=</latexit>

P (�) = ||P|�i| i||2
<latexit sha1_base64="GKtWDGUM8VYnAF4MsJffvy4stv4="></latexit>

Updated state:
P|�i| i

||P|�i| i||

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

|vii
<latexit sha1_base64="6ZOSmDmcGU+Av/PJamqYyGb7g+4=">AAACHXicbZBNS8MwGMdTX+d8q3r0EhyCp9GOoV6EoRePE9wLrKWkWbqFpWlJ0sHo9kW8+FW8eFDEgxfx25h2PbjNB0J+/P/PQ/L8/ZhRqSzrx1hb39jc2i7tlHf39g8OzaPjtowSgUkLRywSXR9JwignLUUVI91YEBT6jHT80V3md8ZESBrxRzWJiRuiAacBxUhpyTPrTY9OnVhSRyA+YOTGYfkNx4s6nGqh4LJnVqyqlRdcBbuACiiq6ZlfTj/CSUi4wgxJ2bOtWLkpEopiRmZlJ5EkRniEBqSnkaOQSDfNt5vBc630YRAJfbiCufp3IkWhlJPQ150hUkO57GXif14vUcG1m1IeJ4pwPH8oSBhUEcyign0qCFZsogFhQfVfIR4igbDSgWYh2Msrr0K7VrUvq7WHeqVxW8RRAqfgDFwAG1yBBrgHTdACGDyBF/AG3o1n49X4MD7nrWtGMXMCFsr4/gWy7qLn</latexit>

Pi| i = hvi| i|vii

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

| i

<latexit sha1_base64="zUfjqmuCcALdkVp7trcFQaTpVv0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qJ1phR1IxTduKxgH9COQybNtKGZzJBkhNLWjb/ixoUibv0Ld/6N6XQW2nrgcg/n3EtyjxcxKpVlfRuZpeWV1bXsem5jc2t7x9zda8gwFpjUcchC0fKQJIxyUldUMdKKBEGBx0jTG1xP/eYDEZKG/E4NI+IEqMepTzFSWnLNg1qheHI57kSSulYxafb4vnxads28VbISwEVipyQPUtRc86vTDXEcEK4wQ1K2bStSzggJRTEjk1wnliRCeIB6pK0pRwGRzii5YAKPtdKFfih0cQUT9ffGCAVSDgNPTwZI9eW8NxX/89qx8i+cEeVRrAjHs4f8mEEVwmkcsEsFwYoNNUFYUP1XiPtIIKx0aDkdgj1/8iJplEv2WalyW8lXr9I4suAQHIECsME5qIIbUAN1gMEjeAav4M14Ml6Md+NjNpox0p198AfG5w/L0pU0</latexit>

P (�) = | 0 �  1|2/2
<latexit sha1_base64="1iZLsaouEsVtMUviakcu7r06ITY=">AAACC3icbVA9SwNBEN3zM8avqKXNkiDYGO5EVKxEG8sI5gOSEPb2Jsni3t6xOyeGM72Nf8XGQhFb/4Cd/8ZNcoUmPhjm8d4Mu/P8WAqDrvvtzM0vLC4t51byq2vrG5uFre2aiRLNocojGemGzwxIoaCKAiU0Yg0s9CXU/dvLkV+/A21EpG5wEEM7ZD0luoIztFKnUGwh3GNajQOGEFCDtp1ROqT04aClmepJ6BRKbtkdg84SLyMlkqHSKXy1gognISjkkhnT9NwY2ynTKLiEYb6VGIgZv2U9aFqqWAimnY5vGdI9qwS0G2lbCulY/b2RstCYQejbyZBh30x7I/E/r5lg97SdChUnCIpPHuomkmJER8HQQGjgKAeWMK6F/SvlfaYZRxtf3obgTZ88S2qHZe+4fHR9VDq/yOLIkV1SJPvEIyfknFyRCqkSTh7JM3klb86T8+K8Ox+T0Tkn29khf+B8/gD/Npph</latexit>

Updated state: |�i



Measurement of orthonormal basis 

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

Any orthonormal basis {|vii} that span H has and associated measurement
<latexit sha1_base64="jIul4wIz3Bsl6Q2iTE3KwgTI43I="></latexit>

Satisfying a completeness relation:
d�1X

i=0

|viihvi| = Id

<latexit sha1_base64="JjfmNgR1SsdJsyXujqtL62wHwYo="></latexit>

Pi = |viihvi| are projectors on the states of the basis
<latexit sha1_base64="66a2OIL9fjx7M6ZAkxlfEch6vbA="></latexit>

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

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

|vii
<latexit sha1_base64="6ZOSmDmcGU+Av/PJamqYyGb7g+4=">AAACHXicbZBNS8MwGMdTX+d8q3r0EhyCp9GOoV6EoRePE9wLrKWkWbqFpWlJ0sHo9kW8+FW8eFDEgxfx25h2PbjNB0J+/P/PQ/L8/ZhRqSzrx1hb39jc2i7tlHf39g8OzaPjtowSgUkLRywSXR9JwignLUUVI91YEBT6jHT80V3md8ZESBrxRzWJiRuiAacBxUhpyTPrTY9OnVhSRyA+YOTGYfkNx4s6nGqh4LJnVqyqlRdcBbuACiiq6ZlfTj/CSUi4wgxJ2bOtWLkpEopiRmZlJ5EkRniEBqSnkaOQSDfNt5vBc630YRAJfbiCufp3IkWhlJPQ150hUkO57GXif14vUcG1m1IeJ4pwPH8oSBhUEcyign0qCFZsogFhQfVfIR4igbDSgWYh2Msrr0K7VrUvq7WHeqVxW8RRAqfgDFwAG1yBBrgHTdACGDyBF/AG3o1n49X4MD7nrWtGMXMCFsr4/gWy7qLn</latexit>

Pi| i = hvi| i|vii

<latexit sha1_base64="luIWCllEvLHFiERJojSutjDyxz8=">AAACEHicbVC7SgNBFJ31bXxFLW0Gg2gVdkXUMmhjqZCHkCxhdvbGDM7OrjN3xLDkE2z8FRsLRWwt7fwbJ8kWvg4MHM65lzvnRJkUBn3/05uanpmdm19YLC0tr6yuldc3mia1mkODpzLVlxEzIIWCBgqUcJlpYEkkoRVdn4781i1oI1JVx0EGYcKulOgJztBJ3fJuB+EO83of6I1lCm1CDTIEKgy1WexYTDGlw2654lf9MehfEhSkQgqcd8sfnTjlNgGFXDJj2oGfYZgzjYJLGJY61kDG+DW7grajiiVgwnwcaEh3nBLTXqrdU0jH6veNnCXGDJLITSYM++a3NxL/89oWe8dhLlRmERSfHOpZOYo4aofGQgNHOXCEcS3cXynvM804ug5LroTgd+S/pLlfDQ6r+xcHldpJUccC2SLbZI8E5IjUyBk5Jw3CyT15JM/kxXvwnrxX720yOuUVO5vkB7z3L7ysnQQ=</latexit>

The quantum state is updated to

<latexit sha1_base64="eeiE0ogUlD+KS0CiFKxrPyaMp2E="></latexit>

Pi| i
||Pi| i||

=
hvi| i
||Pi| i||

|vii = ei�|vii

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

| 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
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Composition of classical systems

A\B 0 1

0 1/4 1/4 1/2

1 1/4 1/4 1/2

1/2 1/2 1

<latexit sha1_base64="skY5geGG2SXdEbCzx4pyu8IiiPM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpLiKL4fliltzF0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjjp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ106jXvqlZ/aFSat3kcRTiDc6iCB9fQhHtoQRsITOAZXuHNEc6L8+58LFsLTj5zCn/gfP4AWvyNyw==</latexit>

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

}
<latexit sha1_base64="VRp3XtozA0b1dJgIrY8QsUgxUvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpLgaXA7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrp1GveVa3+0Kg0b/M4inAG51AFD66hCffQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBXIGNzA==</latexit>

p(b)

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

}

<latexit sha1_base64="i4wVX7IQgVHiFYCBhc2egdCsKfc="></latexit>

Two independent perfect coins: pAB(a, b) = pA(a)pB(b)
<latexit sha1_base64="1+5cIz6FGeWLPjrCbKe65yTHtnk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdUtRj0YvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqRWX3QvvvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjtp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0qhXvslK9r5XqN1kceTiBUyiDB1dQhztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwB6WqOCw==</latexit>

p(0, 1)

<latexit sha1_base64="Y06wI6dYsFPbhOhd1aRT4mLeQnI=">AAACEXicbVDLSgMxFM34rPVVdekmWISuykwRFVfFblxWsA9oS8lk7rShmWRIMmIZ+gtu/BU3LhRx686df2Om7UJbDyQczrn3Jvf4MWfauO63s7K6tr6xmdvKb+/s7u0XDg6bWiaKQoNKLlXbJxo4E9AwzHBoxwpI5HNo+aNa5rfuQWkmxZ0Zx9CLyECwkFFirNQvlLoGHkxak1EsNcs0LEPMRAAx2EsYTCUT+mrSLxTdsjsFXibenBTRHPV+4asbSJpEdgblROuO58amlxJlGOUwyXcTDTGhIzKAjqWCRKB76XSjCT61SoBDqeyZ/sGqvztSEmk9jnxbGREz1IteJv7ndRITXvZSJuLEgKCzh8KEYyNxFg8OmAJq+NgSQpUNhGI6JIpQY0PM2xC8xZWXSbNS9s7LlduzYvV6HkcOHaMTVEIeukBVdIPqqIEoekTP6BW9OU/Oi/PufMxKV5x5zxH6A+fzB3S2ngg=</latexit>

Composition of independent coins:
<latexit sha1_base64="ljwLhfLUXGB69n7KJr93CtohajM="></latexit>

ū 2 CA, v̄ 2 CB leads to ū⌦ v̄ 2 CA ⌦ CB
<latexit sha1_base64="Tx48n+szBLP4PXdT+vBzeAn36BI="></latexit>

Vector notation: ū⌦ v̄ ⌘

u0

u1

�
⌦


v0
v1

�
=

2

664

u0v0
u0v1
u1v0
u1v1

3

775 =

2

664

p00
p01
p10
p11

3

775



Composition of quantum systems

<latexit sha1_base64="ZUH+6eeXGOa3jkFtLMX2e5OW4Ig="></latexit>

An operator L(HAB) is built via tensor product of operators L(HA) and L(HB).

<latexit sha1_base64="n2wUAYqo3DcrEi74Udfxv/qHYtw="></latexit>

A basis of HAB is built via tensor product of basis of HA and HB .

<latexit sha1_base64="qDDLCk59/GTk0+9I2+ZbauFGP1g="></latexit>

Two Hilbert spaces HA and HB can form a new Hilbert space
<latexit sha1_base64="fpHLutQMFpZKXHXWWcDRlePH2MY="></latexit>

HAB = HA ⌦HB s.t. dimHAB = dimHA ⇥ dimHB .



Tensor product of vectors/states

<latexit sha1_base64="FAHvx9ANf7SUgNan7ShTikNU0CY="></latexit>

|ui 2 HA, |vi 2 HA leads to |ui ⌦ |vi 2 HA ⌦HB

<latexit sha1_base64="hBh+YW6y+dHPGuOfSmPfaLzx/lA=">AAACP3icbVDLSsNAFJ34rPUVdekmWIR2U5Ii6qZQdOOygn1AE8pkOmmHTmbCzKRQ0v6ZG3/BnVs3LhRx685pG4qmXhg495x7uHOPH1EilW2/GGvrG5tb27md/O7e/sGheXTclDwWCDcQp1y0fSgxJQw3FFEUtyOBYehT3PKHtzO9NcJCEs4e1DjCXgj7jAQEQaWprtlExUnsCsj6FLtckRDLySjtS9UiWoqlrFrN+vTw0tk1C3bZnpe1CpwUFEBa9a757PY4ikPMFKJQyo5jR8pLoFAEUTzNu7HEEURD2McdDRnUC71kfv/UOtdMzwq40I8pa87+diQwlHIc+noyhGogs9qM/E/rxCq49hLColhhhhaLgphailuzMK0eERgpOtYAIkH0Xy00gAIipSPP6xCc7MmroFkpO5flyv1FoXaTxpEDp+AMFIEDrkAN3IE6aAAEHsEreAcfxpPxZnwaX4vRNSP1nIA/ZXz/AEecshI=</latexit>

c(|ui ⌦ |vi) = (c|ui)⌦ |vi = |ui ⌦ (c|vi)
<latexit sha1_base64="WlZ3qMLP/ewEV381sZwRUztasEc=">AAACSnicbZDNS8MwGMbTOXXOr6pHL8EhTITRDlEvwtCLxwnuA9ZS0izdwtK0JOlgdPv7vHjy5h/hxYMiXsy2Cm7zhcCP53lekjx+zKhUlvVq5Nby6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kY5aShqGKkHQuCQp+Rlj+4m/qtIRGSRvxRjWLihqjHaUAxUlryTDROHIF4jxEnUjQksjweenYmnWuuZnx2s5xcCK56v4ueWbIq1mzgKtgZlEA2dc98cboRTkLCFWZIyo5txcpNkVAUMzIpOokkMcID1CMdjRzp+9x0VsUEnmqlC4NI6MMVnKl/N1IUSjkKfZ0MkerLZW8q/ud1EhVcuynlcaIIx/OLgoRBFcFpr7BLBcGKjTQgLKh+K8R9JBBWuv2iLsFe/vIqNKsV+7JSfbgo1W6zOgrgGJyAMrDBFaiBe1AHDYDBE3gDH+DTeDbejS/jex7NGdnOEViYXP4H/hu12A==</latexit>

|ui ⌦ (|v1i+ |v2i) = |ui ⌦ |v1i+ |ui ⌦ |v2i
<latexit sha1_base64="14elm0HPQcXA5zWzil6jopD7NJk="></latexit>

|+i ⌦ |+i = (
1p
2
(|0i+ |1i))⌦ (

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

2
(|00i+ |01i+ |10i+ |11i)

<latexit sha1_base64="9QRK2czEXbkDNH09jWSi+Karcq0="></latexit>

Tensor product of vectors: HA ⇥HB ! HA,B = HA ⌦HB

<latexit sha1_base64="44C7qSwyXn3fPE1lO36OD7BiC0A="></latexit>

Vector notation: |ui ⌦ |vi ⌘

u0

u1

�
⌦


v0
v1

�
=

2

664

u0v0
u0v1
u1v0
u1v1

3

775 =

2

664

 00

 01

 10

 11

3

775



Tensor product of vectors/states

<latexit sha1_base64="9YipPdNKnPAfo+h9qFFN0Y0TQa0=">AAACT3icbVHNS8MwHE3n1za/qh69BIfgqbRD1Isw9OJxgvuAdY40+3ULS9OSpMKo+w+96M1/w4sHRcxmD3Pbg8DjvZf8kpcg4Uxp1323CmvrG5tbxVJ5e2d3b98+OGyqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHQ79VtPIBWLxYMeJ9CNyECwkFGijdSzw2c/UcyXRAw4PGZ+rFkECo8m134q+iADSShk86E8skJyHGeFOello0nPrriOOwNeJl5OKihHvWe/+f2YphEITTlRquO5ie5mRGpGzZllP1WQEDoiA+gYKoiZ2s1mfUzwqVH6OIylWULjmTq/IyORUuMoMMmI6KFa9KbiKq+T6vCqmzGRpBoE/RsUphzrGE/LxX0mgWo+NoRQycxdMR0SU6E2X1A2JXiLT14mzarjXTjV+/NK7Savo4iO0Qk6Qx66RDV0h+qogSh6QR/oC31br9an9VPIowUrJ0foHwqlX0gzuCE=</latexit>

| i⌦k = | i ⌦ | i ⌦ ...⌦ | i| {z }
k

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

| i

<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="la9NSnCF4nEikyzvb90EDc/kgjA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKVI9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55FoMqzXP9RZA68QvSA0KtIbVr8EoJqmg0hCOte77XmKCDCvDCKfzyiDVNMFkise0b6nEguogW9w6RxdWGaEoVrakQQv190SGhdYzEdpOgc1Er3q5+J/XT010E2RMJqmhkiwXRSlHJkb542jEFCWGzyzBRDF7KyITrDAxNp6KDcFffXmddOqu33DrD1e15m0RRxnO4BwuwYdraMI9tKANBCbwDK/w5gjnxXl3PpatJaeYOYU/cD5/ALlYjWE=</latexit>

....

<latexit sha1_base64="gWsB4mPed94GBRvF0EKT3L7Bmro=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5IUUY9FLx4r2A9oatlsJ+3SzSbubgol9ubFv+LFgyJe/Qve/Ddu2xy09cHA470ZZub5MWdKO863lVtaXlldy68XNja3tnfs3b26ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8AdXE78xBKlYJG71KIZ2SHqCBYwSbaSOfejBfcKGD16smCeJ6HG4S71IsxAUHow7dtEpOVPgReJmpIgyVDv2l9eNaBKC0JQTpVquE+t2SqRmlMO44CUKYkIHpActQwUxe9rp9I8xPjZKFweRNCU0nqq/J1ISKjUKfdMZEt1X895E/M9rJTq4aKdMxIkGQWeLgoRjHeFJKLjLJFDNR4YQKpm5FdM+kYRqE13BhODOv7xI6uWSe1Yq35wWK5dZHHl0gI7QCXLROaqga1RFNUTRI3pGr+jNerJerHfrY9aas7KZffQH1ucPOCuaKw==</latexit>

⌘ | i⌦k

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

}<latexit sha1_base64="1eDuJHvitC5gHNdVxASMZINaZvY=">AAACPnicbVBNS8NAFNz4WetX1KOXxSJ4CkkR9SIUvXisYNpCk5bNdtMu3WzC7kYoaX+ZF3+DN49ePCji1aPbNqCmDizMm3mPt2+ChFGpbPvZWFpeWV1bL22UN7e2d3bNvf2GjFOBiYtjFotWgCRhlBNXUcVIKxEERQEjzWB4PfWb90RIGvM7NUqIH6E+pyHFSGmpa7pjuzP0BOJ9Ri7Hds46mRcrGhEJh5MfNdeKtWVZRadrVmzLngEuEicnFZCj3jWfvF6M04hwhRmSsu3YifIzJBTFjEzKXipJgvAQ9UlbU470Nj+bnT+Bx1rpwTAW+nEFZ+rviQxFUo6iQHdGSA1k0ZuK/3ntVIUXfkZ5kirC8XxRmDKoYjjNEvaoIFixkSYIC6r/CvEACYSVTrysQ3CKJy+SRtVyzqzq7WmldpXHUQKH4AicAAecgxq4AXXgAgwewAt4A+/Go/FqfBif89YlI585AH9gfH0DL7Sw6w==</latexit>

|0ki = |0i⌦k = |0i ⌦ |0i ⌦ ...⌦ |0i

<latexit sha1_base64="b4xNhIMHx46EqC0CkuXu07ql9Yc=">AAACBHicbZBLS8NAFIUnPmt9RV12M1gEVyUpouKq6sZlBfuANpTJZNIOnUzCzI1YQhdu/CtuXCji1h/hzn/jtM1CWw8MfJxzL8M9fiK4Bsf5tpaWV1bX1gsbxc2t7Z1de2+/qeNUUdagsYhV2yeaCS5ZAzgI1k4UI5EvWMsfXk/y1j1TmsfyDkYJ8yLSlzzklICxenapC+wBsssg4BODCCxjmGYX455ddirOVHgR3BzKKFe9Z391g5imEZNABdG64zoJeBlRwKlg42I31SwhdEj6rGNQkohpL5seMcZHxglwGCvzJOCp+3sjI5HWo8g3kxGBgZ7PJuZ/WSeF8NzLuExSYJLOPgpTgSHGk0ZwwBWjIEYGCFWmBorpgChCwfRWNCW48ycvQrNacU8r1duTcu0qr6OASugQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PmajS1a+c4D+yPr8AWwnmJg=</latexit>

Additional notation:

<latexit sha1_base64="PPsyeoXQZpAo7pwwuHt1u2OCpuY=">AAACVHicbVFLSwMxGMxurdb6qnr0EixiBSm7RdSLUOvFYwX7gG4p2TRtQ7PZJcluKdv+SD0I/hIvHkzbVfpwIDDMzEe+TNyAUaks69MwU1vp7Z3MbnZv/+DwKHd8Upd+KDCpYZ/5oukiSRjlpKaoYqQZCII8l5GGO3ya+Y2ICEl9/qrGAWl7qM9pj2KktNTJDQuTyBGI9xnpPDq+oh6Rk9GvUrmGk+hy0/+TKlcPDptTGK0kE3G0nO3k8lbRmgNuEjsheZCg2sm9O10fhx7hCjMkZcu2AtWOkVAUMzLNOqEkAcJD1CctTTnSy7XjeSlTeKGVLuz5Qh+u4FxdnoiRJ+XYc3XSQ2og172Z+J/XClXvvh1THoSKcLy4qBcyqHw4axh2qSBYsbEmCAuqd4V4gATCSv9DVpdgrz95k9RLRfu2WHq5yZcrSR0ZcAbOQQHY4A6UwTOoghrA4A18GcAwjA/j20yZ6UXUNJKZU7AC8/AHfSC0cA==</latexit>

(|viA ⌦ |wiB , |v0iA ⌦ |w0iB) = hv|v0iAhw|w0iB
<latexit sha1_base64="IgqdNBEQvsrdrbibAuHwe5UrPlA="></latexit>

(
X

i

ai|viiA ⌦ |wiiB ,
X

j

bj |v0jiA ⌦ |w0
jiB) =

X

i,j

a⇤i bjhvi|v0jiAhwi|w0
jiB

<latexit sha1_base64="UnhWh/HUSB3J8iX8DwLkxF+GYAs="></latexit>

Inner-product: HA ⌦HB ⇥HA ⌦HB ! C



Entanglement

<latexit sha1_base64="hHOTelOaX5jkt1FXOyHI6048hKk="></latexit>

8| ABi 2 HAB : | ABi =
X

i,j

 i,j |ii ⌦ |ji

<latexit sha1_base64="Q6MygUps4W8j9o/CTcZ0+UTWOjI="></latexit>

|�+i = 1p
2
(|0iA ⌦ |0iB + |1iA ⌦ |1iB)

<latexit sha1_base64="qUjieLIoT0xY8oFkI8AxoZwdrWw="></latexit>

|��i = 1p
2
(|0iA ⌦ |0iB � |1iA ⌦ |1iB)

<latexit sha1_base64="IYcwj/zlLO/zh5q6/+A1v7GsIhE="></latexit>

| +i = 1p
2
(|0iA ⌦ |1iB + |1iA ⌦ |0iB)

<latexit sha1_base64="o7cUjfLW1OjTJt8UT53v5reoNR4="></latexit>

| �i = 1p
2
(|0iA ⌦ |1iB � |1iA ⌦ |0iB)

<latexit sha1_base64="MS6sJU66ImtcliTYs9NtMAWi3U4="></latexit>

Bell states: a basis of HQ ⌦HQ composed of entangled states.

<latexit sha1_base64="B/gSLDVxO98dFmVC1z8ruonTd8s="></latexit>

Bell states are entanglement units. Similarly as an unbiased coins is a unit of randomness.

<latexit sha1_base64="VqaWmgTwW2Hu3/j9iTXa449tG+s=">AAACF3icbVA9SwNBEN3z2/gVtbRZDILVcRdELUUbG0HBqJCEMLc3Fxf39s7dOTEc+Rc2/hUbC0VstfPfuIkp/How8HhvZnfmRbmSloLgwxsbn5icmp6ZrczNLywuVZdXzmxWGIENkanMXERgUUmNDZKk8CI3CGmk8Dy6Ohj45zdorMz0KfVybKfQ1TKRAshJnarfIryl8ghuZQpK9ThqAt1VGHNLQGh5lvA6vy4iSdbvd6q1wA+G4H9JOCI1NsJxp/reijNRpO5ZocDaZhjk1C7BkBQK+5VWYTEHcQVdbDqqIUXbLod39fmGU2KeZMaVJj5Uv0+UkFrbSyPXmQJd2t/eQPzPaxaU7LZLqfOCUIuvj5JCccr4ICQeS4OCXBqxBGGk25WLSzAgyEVZcSGEv0/+S87qfrjt10+2anv7ozhm2BpbZ5ssZDtsjx2yY9Zggt2xB/bEnr1779F78V6/Wse80cwq+wHv7RNH85/4</latexit>

Maximally entangled states of 2 qubits.

<latexit sha1_base64="REG66wqWLvo2EcPaChrZYOHFlPM="></latexit>

9| ABi 2 HAB s.t. @|�Ai 2 HA and |'Bi 2 HB : | ABi = |�Ai ⌦ |'Bi



Tensor product of operators

<latexit sha1_base64="nWwFofU58f/o0tULfi1Y4v69JVA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJXLjM4=</latexit>

A

<latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B

<latexit sha1_base64="MFoILQeYqcoBEu5m46rJHDjnvKc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSe1uhpFwm2vXPGr/hxklQQ5qUCOeq/81e1rliVcIZPU2k7gpxhOqEHBJJ+WupnlKWUjOuAdRxV1S8LJ/NwpOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsx+J31hOEM5doQyI9ythA2poQxdQiUXQrD88ippXlSDq+rlw2WldpvHUYQTOIVzCOAaanAPdWgAgxE8wyu8ean34r17H4vWgpfPHMMfeJ8/iNmPtg==</latexit>⌦<latexit sha1_base64="MFoILQeYqcoBEu5m46rJHDjnvKc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSe1uhpFwm2vXPGr/hxklQQ5qUCOeq/81e1rliVcIZPU2k7gpxhOqEHBJJ+WupnlKWUjOuAdRxV1S8LJ/NwpOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsx+J31hOEM5doQyI9ythA2poQxdQiUXQrD88ippXlSDq+rlw2WldpvHUYQTOIVzCOAaanAPdWgAgxE8wyu8ean34r17H4vWgpfPHMMfeJ8/iNmPtg==</latexit>⌦



Tensor product of operators
<latexit sha1_base64="d+VjwEXk1kCoSa5r6gs+Xw4PVAQ="></latexit>

Tensor product of operators: L(HA)⇥ L(HB) ! L(HAB) = L(HA ⌦HB)
<latexit sha1_base64="UyxtLya4wm1Z3ehKyVCrKmRSAcQ="></latexit>

(A⌦B)(|vi ⌦ |wi) = (A|vi)⌦ (B|wi) = A|vi ⌦B|wi

<latexit sha1_base64="wlGmPu5lwu+5IWakZ7ktJ8xhmuo="></latexit>

Matrix notation: A⌦B =

2

6664

A11B A12B . . . A1nB
A21B A22B . . . A2nB

...
...

...
...

An1B An2B . . . AnnB

3

7775

<latexit sha1_base64="qHo6Y2eqsnWrjt+RMzU3DQ3zpiI="></latexit>

(A⌦B)(
X

i

ai|vii ⌦ |wii) =
X

i

aiA|vii ⌦B|wii
<latexit sha1_base64="XFAQYLc92nD86SYn5TkHlrm5HWI="></latexit>

(
X

i

ciAi ⌦Bi)|vi ⌦ |wi =
X

i

ciAi|vi ⌦Bi|wi



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

H

<latexit sha1_base64="wKixlZP3daF+ABwfiVdcZ7xll8s=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMgCGE3iHoMevEYwTwkWcLspDcZMjO7zMwKIeYrvHhQxKuf482/cZLsQRMLGoqqbrq7woQzbTzv28mtrK6tb+Q3C1vbO7t7xf2Dho5TRbFOYx6rVkg0ciaxbpjh2EoUEhFybIbDm6nffESlWSzvzSjBQJC+ZBGjxFjp4emso4jsc+wWS17Zm8FdJn5GSpCh1i1+dXoxTQVKQznRuu17iQnGRBlGOU4KnVRjQuiQ9LFtqSQCdTCeHTxxT6zSc6NY2ZLGnam/J8ZEaD0Soe0UxAz0ojcV//PaqYmugjGTSWpQ0vmiKOWuid3p926PKaSGjywhVDF7q0sHRBFqbEYFG4K/+PIyaVTK/kW5cndeql5nceThCI7hFHy4hCrcQg3qQEHAM7zCm6OcF+fd+Zi35pxs5hD+wPn8Aa+8kFc=</latexit>

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

H

<latexit sha1_base64="gzPfyr1QjJoK7ZukqsbLTEK2bno=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbRD0GvXiMYB6SLGF20psMmZldZmaFEPMVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcKZNp737eRWVtfWN/Kbha3tnd294v5BQ8epolinMY9VKyQaOZNYN8xwbCUKiQg5NsPhzdRvPqLSLJb3ZpRgIEhfsohRYqz08HTWUUT2OXaLJa/szeAuEz8jJchQ6xa/Or2YpgKloZxo3fa9xARjogyjHCeFTqoxIXRI+ti2VBKBOhjPDp64J1bpuVGsbEnjztTfE2MitB6J0HYKYgZ60ZuK/3nt1ERXwZjJJDUo6XxRlHLXxO70e7fHFFLDR5YQqpi91aUDogg1NqOCDcFffHmZNCpl/6JcuTsvVa+zOPJwBMdwCj5cQhVuoQZ1oCDgGV7hzVHOi/PufMxbc042cwh/4Hz+ALLSkFk=</latexit>

|�i

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

}
<latexit sha1_base64="QWHt4ETeM19f6rfCq4Z39Sg/zUQ=">AAACMHicbVDLSgMxFM3UV62vUZdugkWYIpaZIupGKLqwywr2Ae1QMmnahmaSIckIpe0nufFTdKOgiFu/wrQdilYPBM49515u7gkiRpV23VcrtbS8srqWXs9sbG5t79i7e1UlYolJBQsmZD1AijDKSUVTzUg9kgSFASO1oH898Wv3RCoq+J0eRMQPUZfTDsVIG6ll3zilptA0JAqWcs7ouCkR7zKSaKOTpM5dOqW5mUtcI839lp118+4U8C/xEpIFCcot+6nZFjgOCdeYIaUanhtpf4ikppiRcaYZKxIh3Edd0jCUI7PQH04PHsMjo7RhR0jzuIZT9efEEIVKDcLAdIZI99SiNxH/8xqx7lz4Q8qjWBOOZ4s6MYNawEl6sE0lwZoNDEFYUvNXiHtIIqxNxhkTgrd48l9SLeS9s3zh9jRbvEriSIMDcAgc4IFzUAQlUAYVgMEDeAZv4N16tF6sD+tz1pqykpl98AvW1zfx9qj0</latexit>

(H ⌦H)(|+i ⌦ |�i) = (H|+i)⌦ (H|�i)
<latexit sha1_base64="FWNxb7BdJ+us5KyKh7eVSyBbXGM=">AAACA3icbVDLSsNAFJ34rPUVdaebYBFclaSIuhGKblxWsA9oQplMb9qhk5kwMxFKWnDjr7hxoYhbf8Kdf+O0zUJbDwyce8693LknTBhV2nW/raXlldW19cJGcXNre2fX3ttvKJFKAnUimJCtECtglENdU82glUjAccigGQ5uJn7zAaSigt/rYQJBjHucRpRgbaSOfXg1cn2JeY+BLzSNQY28vO7YJbfsTuEsEi8nJZSj1rG//K4gaQxcE4aVantuooMMS00Jg3HRTxUkmAxwD9qGcmy2Bdn0hrFzYpSuEwlpHtfOVP09keFYqWEcms4Y676a9ybif1471dFlkFGepBo4mS2KUuZo4UwCcbpUAtFsaAgmkpq/OqSPJSbaxFY0IXjzJy+SRqXsnZcrd2el6nUeRwEdoWN0ijx0garoFtVQHRH0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHMduX4w==</latexit>

= |0i ⌦ |1i

<latexit sha1_base64="7LVrCVP9WdZLGOmecdv1Opj4DkA=">AAACLXicbVBdSwJBFJ21L7OvrR57GZJAX2RXonoJ1Hro0SA/wF1kdpzVwdnZZWbWEPUP9dJfiaAHI3rtbzTqEqUdGDj3nHu5c48XMSqVZU2N1Nr6xuZWejuzs7u3f2AeHtVlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4fVvZn5jQISkIX9Qw4i4Aepy6lOMlJba5m2u7ISKBkTCSj43HjgC8S4jiTZ+TOr8dXnZg5Uft21mrYI1B1wldkKyIEG1bb46nRDHAeEKMyRly7Yi5Y6QUBQzMsk4sSQRwn3UJS1NOdL73NH82gk800oH+qHQjys4V39PjFAg5TDwdGeAVE8uezPxP68VK//KHVEexYpwvFjkxwyqEM6igx0qCFZsqAnCguq/QtxDAmGlA87oEOzlk1dJvViwLwrF+/NsqZLEkQYn4BTkgA0uQQncgSqoAQyewAuYgnfj2XgzPozPRWvKSGaOwR8YX982gKlk</latexit>

(A⌦B)(|vi ⌦ |wi) = A|vi ⌦B|wi

<latexit sha1_base64="Q4ob6V9om7GgmOOXqEUD6IaRnB0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCpVAmRdSNUHTjsoK9QKeUTJppQzOZMckIZTrP4cZXceNCEXfixrcxbWehrQcCH/9/Difn9yLOlHacb2tpeWV1bT23kd/c2t7Ztff2GyqMJaF1EvJQtjysKGeC1jXTnLYiSXHgcdr0htcTv/lApWKhuNOjiHYC3BfMZwRrI3VtNC65Eos+p5euLzFJUJq46l7qpJKmxbGTmaUxyuikaxecsjMtuAgogwLIqta1P91eSOKACk04VqqNnEh3Eiw1I5ymeTdWNMJkiPu0bVDggKpOMj0thcdG6UE/lOYJDafq74kEB0qNAs90BlgP1Lw3Ef/z2rH2LzoJE1GsqSCzRX7MoQ7hJCfYY5ISzUcGMJHM/BWSATYJaZNm3oSA5k9ehEaljM7KldvTQvUqiyMHDsERKAIEzkEV3IAaqAMCHsEzeAVv1pP1Yr1bH7PWJSubOQB/yvr6AaWkoT0=</latexit>

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

<latexit sha1_base64="jR7wYJQ9KYEEqzIbsox7wBGjrhg=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCXbRMiqgboejGZQV7gU4pmTTThmYyY5IRynSew42v4saFIu7EjW9j2s5CWw8EPv7/HE7O70WcKe0439bS8srq2npuI7+5tb2za+/tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8nfvOBSsVCcadHEe0EuC+YzwjWRuraaFxyJRZ9Ti9dX2KSoDRx1b3USSVNi2MnM0tjlNFJ1y44ZWdacBFQBgWQVa1rf7q9kMQBFZpwrFQbOZHuJFhqRjhN826saITJEPdp26DAAVWdZHpaCo+N0oN+KM0TGk7V3xMJDpQaBZ7pDLAeqHlvIv7ntWPtX3QSJqJYU0Fmi/yYQx3CSU6wxyQlmo8MYCKZ+SskA2wS0ibNvAkBzZ+8CI1KGZ2VK7enhepVFkcOHIIjUAQInIMquAE1UAcEPIJn8ArerCfrxXq3PmatS1Y2cwD+lPX1A6wmoUE=</latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="NG8AgTpzDe6+obCxiG47Oco/tq8=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswm4QFaugjWUE84BsCLOTm2TI7Owyc1cMaxobf8XGQhFb/8HOv3HyKDTxwIXDOffO3HuCWAqDrvvtLCwuLa+sZtay6xubW9u5nd2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgv7VyK/dgTYiUrc4iKEZsq4SHcEZWqmVO3jw49DXTHUlUB/hHlNKqX1RmIthK5d3C+4YdJ54U5InU5RbuS+/HfEkBIVcMmManhtjM2UaBZcwzPqJgZjxPutCw1LFQjDNdHzFkB5ZpU07kbalkI7V3xMpC40ZhIHtDBn2zKw3Ev/zGgl2zpupUHGCoPjko04iKUZ0FAltCw0c5cASxrWwu1LeY5pxtMFlbQje7MnzpFoseKeF4s1JvnQ5jSND9skhOSYeOSMlck3KpEI4eSTP5JW8OU/Oi/PufExaF5zpzB75A+fzB/XfmDk=</latexit>

|±i basis:



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

H

<latexit sha1_base64="wKixlZP3daF+ABwfiVdcZ7xll8s=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMgCGE3iHoMevEYwTwkWcLspDcZMjO7zMwKIeYrvHhQxKuf482/cZLsQRMLGoqqbrq7woQzbTzv28mtrK6tb+Q3C1vbO7t7xf2Dho5TRbFOYx6rVkg0ciaxbpjh2EoUEhFybIbDm6nffESlWSzvzSjBQJC+ZBGjxFjp4emso4jsc+wWS17Zm8FdJn5GSpCh1i1+dXoxTQVKQznRuu17iQnGRBlGOU4KnVRjQuiQ9LFtqSQCdTCeHTxxT6zSc6NY2ZLGnam/J8ZEaD0Soe0UxAz0ojcV//PaqYmugjGTSWpQ0vmiKOWuid3p926PKaSGjywhVDF7q0sHRBFqbEYFG4K/+PIyaVTK/kW5cndeql5nceThCI7hFHy4hCrcQg3qQEHAM7zCm6OcF+fd+Zi35pxs5hD+wPn8Aa+8kFc=</latexit>

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

H

<latexit sha1_base64="gzPfyr1QjJoK7ZukqsbLTEK2bno=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbRD0GvXiMYB6SLGF20psMmZldZmaFEPMVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcKZNp737eRWVtfWN/Kbha3tnd294v5BQ8epolinMY9VKyQaOZNYN8xwbCUKiQg5NsPhzdRvPqLSLJb3ZpRgIEhfsohRYqz08HTWUUT2OXaLJa/szeAuEz8jJchQ6xa/Or2YpgKloZxo3fa9xARjogyjHCeFTqoxIXRI+ti2VBKBOhjPDp64J1bpuVGsbEnjztTfE2MitB6J0HYKYgZ60ZuK/3nt1ERXwZjJJDUo6XxRlHLXxO70e7fHFFLDR5YQqpi91aUDogg1NqOCDcFffHmZNCpl/6JcuTsvVa+zOPJwBMdwCj5cQhVuoQZ1oCDgGV7hzVHOi/PufMxbc042cwh/4Hz+ALLSkFk=</latexit>

|�i

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

}<latexit sha1_base64="NNEIf6ap2WmSRBP86DQq++tIAPo="></latexit>

|+i ⌦ |�i ⌘

1/
p
2

1/
p
2

�
⌦

1/
p
2

�1/
p
2

�
=

1

2

2

664

1
�1
1
�1

3

775

<latexit sha1_base64="+vClZybn9mYBDek5843YJxaQ+oI="></latexit>

H ⌦H =
1p
2


H H

H �H

�
=

1

2

2

664

1 1 1 1
1 �1 1 �1
1 1 �1 �1
1 �1 �1 1

3

775

<latexit sha1_base64="xu9H7oWeNQXlrdylMwTIedUtajk="></latexit>

| i = (H ⌦H)(|+i ⌦ |�i) ⌘ 1

2

2

664

1 1 1 1
1 �1 1 �1
1 1 �1 �1
1 �1 �1 1

3

775⇥ 1

2

2

664

1
�1
1
�1

3

775 =

2

664

0
1
0
0

3

775 = |0i ⌦ |1i

<latexit sha1_base64="JSp4wOyvP4S5vehk7XUVHKPKDFI="></latexit>

A⌦B =

2

6664

A11B A12B . . . A1nB
A21B A22B . . . A2nB

...
...

...
...

An1B An2B . . . AnnB

3

7775



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

H

<latexit sha1_base64="wKixlZP3daF+ABwfiVdcZ7xll8s=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMgCGE3iHoMevEYwTwkWcLspDcZMjO7zMwKIeYrvHhQxKuf482/cZLsQRMLGoqqbrq7woQzbTzv28mtrK6tb+Q3C1vbO7t7xf2Dho5TRbFOYx6rVkg0ciaxbpjh2EoUEhFybIbDm6nffESlWSzvzSjBQJC+ZBGjxFjp4emso4jsc+wWS17Zm8FdJn5GSpCh1i1+dXoxTQVKQznRuu17iQnGRBlGOU4KnVRjQuiQ9LFtqSQCdTCeHTxxT6zSc6NY2ZLGnam/J8ZEaD0Soe0UxAz0ojcV//PaqYmugjGTSWpQ0vmiKOWuid3p926PKaSGjywhVDF7q0sHRBFqbEYFG4K/+PIyaVTK/kW5cndeql5nceThCI7hFHy4hCrcQg3qQEHAM7zCm6OcF+fd+Zi35pxs5hD+wPn8Aa+8kFc=</latexit>

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

H

<latexit sha1_base64="gzPfyr1QjJoK7ZukqsbLTEK2bno=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbRD0GvXiMYB6SLGF20psMmZldZmaFEPMVXjwo4tXP8ebfOEn2oIkFDUVVN91dYcKZNp737eRWVtfWN/Kbha3tnd294v5BQ8epolinMY9VKyQaOZNYN8xwbCUKiQg5NsPhzdRvPqLSLJb3ZpRgIEhfsohRYqz08HTWUUT2OXaLJa/szeAuEz8jJchQ6xa/Or2YpgKloZxo3fa9xARjogyjHCeFTqoxIXRI+ti2VBKBOhjPDp64J1bpuVGsbEnjztTfE2MitB6J0HYKYgZ60ZuK/3nt1ERXwZjJJDUo6XxRlHLXxO70e7fHFFLDR5YQqpi91aUDogg1NqOCDcFffHmZNCpl/6JcuTsvVa+zOPJwBMdwCj5cQhVuoQZ1oCDgGV7hzVHOi/PufMxbc042cwh/4Hz+ALLSkFk=</latexit>

|�i

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

}
<latexit sha1_base64="uC9JJRT+HFuj9eV7U3P74mqemis="></latexit>

(H ⌦H)(|+i ⌦ |�i) = (H|+i)⌦ (H|�i) = |0i ⌦ |1i



Entangling operations

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

X
<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="z4lQcsv7R9Lt0dxSze15dy/cHNM="></latexit>

9UAB 2 L(HAB) s.t. @UA 2 L(HA) and UB 2 L(HB) : UAB = UA ⌦ UB

<latexit sha1_base64="pQd/5ce8XLFUMSe35ArTcPqJ654="></latexit>

8U 2 L(HAB), 9{Vi} 2 L(HA) and {Wi} 2 L(HB) : U =
X

i

Vi ⌦Wi

<latexit sha1_base64="BOtahM0C+/o5DYPKe6KNCCUiAtA="></latexit>

UCNOT =

2

664

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

3

775 =


I 0
0 X

�
=


1 0
0 0

�
⌦ I +


0 0
0 1

�
⌦X

<latexit sha1_base64="yBLG5wu1VPPfTdkhraWo5EPD7Fc=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5aZIiquxG5ceQHbCm0pmfS0hmaSITkjlqGP4MZXceNCEbcu3fk2prWCtx8CH/85h5Pzh7EUFn3/3Rsbn5icms7MZGfn5hcWc0vLFasTw6HMtdTmMmQWpFBQRoESLmMDLAolVMNuaVCvXoOxQqsL7MXQiFhHibbgDJ3VzG3UEW4wLWmFRksJre2T0wvaYQh0s/SFWwf9Zi7vF/yh6F8IRpAnI501c2/1luZJBAq5ZNbWAj/GRsoMCi6hn60nFmLGu6wDNYeKRWAb6fCgPl13Tou2tXFPIR263ydSFlnbi0LXGTG8sr9rA/O/Wi3B9n4jFSpOEBT/XNROJEVNB+nQljDAUfYcMG6E+yvlV8wwji7DrAsh+H3yX6gUC8FuoXi+kz88GsWRIatkjWySgOyRQ3JMzkiZcHJL7skjefLuvAfv2Xv5bB3zRjMr5Ie81w//35vm</latexit>

Controlled-NOT gate (CNOT gate):



Entangling operations

<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="iYgitg8OQTeekyBKtiE3L4YQTUc="></latexit>

UCNOT =


1 0
0 0

�
⌦ I +


0 0
0 1

�
⌦X = |0ih0|⌦ I + |1ih1|⌦X

<latexit sha1_base64="tiYIt9QoVh+ZC4baMhfJAFrblrw="></latexit>

|0ih0| ⌘

1
0

�
⇥

⇥
1 0

⇤
=


1 0
0 0

�

<latexit sha1_base64="FFHowULaOEMXnDqYFgOp5uqH3XY="></latexit>

|1ih0| ⌘

0
1

�
⇥

⇥
1 0

⇤
=


0 0
1 0

�

<latexit sha1_base64="jstazdENIQj7xeiuZ1jcRDj/HeI="></latexit>

|0ih1| ⌘

1
0

�
⇥

⇥
0 1

⇤
=


0 1
0 0

�

<latexit sha1_base64="PzjM+/3wea5BvBZiOO7uNDPzTLc="></latexit>

|1ih1| ⌘

0
1

�
⇥

⇥
0 1

⇤
=


0 0
0 1

�



Composition of measurement: computational 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="VGa2I0oO1BiK5JGWke+XE89wRXo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9YaRQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrVrVv6zW7i8q9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbhJjzs=</latexit>

...

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

} <latexit sha1_base64="eWR2gUvYTmumX0oibp0eyziDYUw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildi+gOnua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa1a1bus1u4vKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGmQo/I</latexit>

x̄

<latexit sha1_base64="F8O/mSEl8uZe05CAA1MBEiwKYPQ="></latexit>

|hx̄| i|2 = |hx̄|
X

ȳ2{0,1}n

 ȳ|ȳi|2 = | x̄|2

<latexit sha1_base64="/aU0gUtEVZmdFOehbXqUFr35k5o="></latexit>

Let’s x̄ encode the outcome of n bits

<latexit sha1_base64="n6rgwu+1dedc25zE86J52lro4Xo=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VwFZJS1I1QdCOuKtgHNCFMptN26GQSZibSkvaf3PgjLgRxoYhb/8FpG9C2HrhwOOde7r0niBmVyrZfjdzK6tr6Rn6zsLW9s7tn7h/UZZQITGo4YpFoBkgSRjmpKaoYacaCoDBgpBH0ryd+44EISSN+r4Yx8ULU5bRDMVJa8s3bkRsgkQ7GrkC8y8jlaOA7GXcjRUMitVKaVyyNX5Nnpm8WbcueAi4TJyNFkKHqm89uO8JJSLjCDEnZcuxYeSkSimJGxgU3kSRGuI+6pKUpR3qfl05/HsMTrbRhJxK6uIJT9e9EikIph2GgO0OkenLRm4j/ea1EdS68lPI4UYTj2aJOwqCK4CRA2KaCYMWGmiAsqL4V4h4SCCsdc0GH4Cy+vEzqJcs5s8p35WLlKosjD47AMTgFDjgHFXADqqAGMHgEL+AdfBhPxpvxaXzNWnNGNnMI5mB8/wABXqzv</latexit>

|x̄i = |x1i ⌦ |x2i ⌦ ....⌦ |xni



General multi-qubit 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="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="UYhgZTu16xk8Wl6Nq603YFgfnZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMwUUXFVdONGqGAf0Cklk95pQzOZIckUy9ifcOOvuHGhiFvBnX9j2s5CWw8EDufce3Pv8WPOlHacb2thcWl5ZTW3ll/f2Nzatnd2aypKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vX439+gCkYpG408MYWiHpChYwSrSR2vaxp+FepzdAVCIhBKGxGccUxiOMvfRh0GaeJKLLwRtdtO2CU3QmwPPEzUgBZai07S+vE9FkPJZyolTTdWLdSonUjHIY5b1EQUxon3ShaaggIahWOrlqhA+N0sFBJM0za03U3x0pCZUahr6pDInuqVlvLP7nNRMdnLdSJuJEg6DTj4KEYx3hcUS4wyRQzYeGECqZ2RXTHpGEahNk3oTgzp48T2qlontaLN2eFMqXWRw5tI8O0BFy0Rkqo2tUQVVE0SN6Rq/ozXqyXqx362NaumBlPXvoD6zPH8tJnzQ=</latexit>

Measurement basis {|vii} :

<latexit sha1_base64="Nzo55gu1PLLR1jRgn9kNwIDKPUw=">AAACB3icbVDLSgMxFM34rPVVdSlIsAiuykwRFVelblxWsA9oh5JJ77ShmQfJHbEM3bnxV9y4UMStv+DOvzHTdqGtBwKHc+5Jco8XS6HRtr+tpeWV1bX13EZ+c2t7Z7ewt9/QUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3id+c17UFpE4R2OYnAD1g+FLzhDI3ULRx2EB0yrICU19whNA2A6URBAiFfjbqFol+wJ6CJxZqRIZqh1C1+dXsSTLM0l07rt2DG6KVMouIRxvpNoiBkfsj60DQ1ZANpNJ3uM6YlRetSPlDkh0on6O5GyQOtR4JnJgOFAz3uZ+J/XTtC/dFMRxglCyKcP+YmkGNGsFNoTCjjKkSGMK2H+SvmAKcbRVJc3JTjzKy+SRrnknJfKt2fFSnVWR44ckmNyShxyQSrkhtRInXDySJ7JK3mznqwX6936mI4uWbPMAfkD6/MHZuSZqA==</latexit>

Bell basis measurement:

<latexit sha1_base64="j8R7/duBuTw2Kvxd+Cm2ngkyznE="></latexit>

|�±i = 1p
2
(|0iA ⌦ |0iB ± |1iA ⌦ |1iB)

<latexit sha1_base64="zsWriilq9dQ/rleJQyPOnxAEkVI="></latexit>

| ±i = 1p
2
(|0iA ⌦ |1iB ± |1iA ⌦ |0iB)

<latexit sha1_base64="KL+HxU8YrnJGTwLR58PHzOOpL6k=">AAAB+nicbVDLTgJBEJzFF+Jr0aOXicTEE9klRj0SvHjERB4JbMjs0MCE2UdmelWy8ilePGiMV7/Em3/jAHtQsJJOKlXdM93lx1JodJxvK7e2vrG5ld8u7Ozu7R/YxcOmjhLFocEjGam2zzRIEUIDBUpoxwpY4Eto+ePrmd+6B6VFFN7hJAYvYMNQDARnaKSeXewiPGJaAympeUfoac8uOWVnDrpK3IyUSIZ6z/7q9iOeBBAil0zrjuvE6KVMoeASpoVuoiFmfMyG0DE0ZAFoL52vPqWnRunTQaRMhUjn6u+JlAVaTwLfdAYMR3rZm4n/eZ0EB1deKsI4QQj54qNBIilGdJYD7QsFHOXEEMaVMLtSPmKKcTRpFUwI7vLJq6RZKbsX5crtealay+LIk2NyQs6ISy5JldyQOmkQTh7IM3klb9aT9WK9Wx+L1pyVzRyRP7A+fwB61ZQm</latexit>

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

}
<latexit sha1_base64="mbL6l+T1o5vrKjJzciK6FonaWC4=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqswUUZelblxWsA9oS8mkt21o5kFyRyxDV278FTcuFHHrN7jzb8y0s9DWA4HDOfckuceLpNDoON9WbmV1bX0jv1nY2t7Z3bP3Dxo6jBWHOg9lqFoe0yBFAHUUKKEVKWC+J6Hpja9Tv3kPSoswuMNJBF2fDQMxEJyhkXr2cQfhAZMqSEnNPUJTH5iOFfgQ4LRnF52SMwNdJm5GiiRDrWd/dfohj9Mwl0zrtutE2E2YQsElTAudWEPE+JgNoW1owHzQ3WS2xpSeGqVPB6EyJ0A6U38nEuZrPfE9M+kzHOlFLxX/89oxDq66iQiiGCHg84cGsaQY0rQT2hcKOMqJIYwrYf5K+YgpxtE0VzAluIsrL5NGueRelMq358VKNasjT47ICTkjLrkkFXJDaqROOHkkz+SVvFlP1ov1bn3MR3NWljkkf2B9/gDeZZlk</latexit>

Bell basis measurement
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Quantum Circuit Model



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.



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)).



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>

+
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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.
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