
School on Quantum Information and 
Holography

Sharif Quantum Information Group  

Vahid Karimipour, 
Sharif University of Technology, Iran.

1

An introduction to Quantum 
Error Correction-II
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The Stabilizer Formalism

An example: Instead of writing the code and then finding the syndromes,  
we determine the syndromes first and define the code space  

as the subspace which is stable under these syndromes. 
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a|000i+ b|111i

<latexit sha1_base64="zltT5UiTiAvAhDqoNtI4M/D58MU=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEQSiJVKu7ohuXFewD2qFk0rQNzWSGJCOUaXHjr7hxoYhbv8Kdf2PajlBFD1w4Oedecu/xI8G1QejTySwsLi2vZFdza+sbm1vu9k5Nh7GirEpDEaqGTzQTXLKq4UawRqQYCXzB6v7gauLX75jSPJS3ZhgxLyA9ybucEmOltrtHRgihliKyJ9ixP8IYp4+2m0cFNAWcI6cIX5xhiFMlD1JU2u5HqxPSOGDSUEG0bmIUGS8hynAq2DjXijWLCB2QHmtaKknAtJdMTxjDQ6t0YDdUtqSBU3V+IiGB1sPAt50BMX3925uIf3nN2HTPvYTLKDZM0tlH3VhAE8JJHrDDFaNGDC0hVHG7K6R9ogg1NrWcDeH7Uvg/qZ0UcLFQuinmy5dpHFmwDw7AEcCgBMrgGlRAFVBwDx7BM3hxHpwn59V5m7VmnHRmF/yA8/4F2LyWeA==</latexit>

a|100i+ b|011i

<latexit sha1_base64="c2RGlbfKgDbnBNM0itYK1WOSMnU=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEQSiJVKu7ohuXFewD2qFk0rQNzWSGJCOUaXHjr7hxoYhbv8Kdf2PajlBFD1w4Oedecu/xI8G1QejTySwsLi2vZFdza+sbm1vu9k5Nh7GirEpDEaqGTzQTXLKq4UawRqQYCXzB6v7gauLX75jSPJS3ZhgxLyA9ybucEmOltrtHRhihliKyJ9ixP0IYp4+2m0cFNAWcI6cIX5xhiFMlD1JU2u5HqxPSOGDSUEG0bmIUGS8hynAq2DjXijWLCB2QHmtaKknAtJdMTxjDQ6t0YDdUtqSBU3V+IiGB1sPAt50BMX3925uIf3nN2HTPvYTLKDZM0tlH3VhAE8JJHrDDFaNGDC0hVHG7K6R9ogg1NrWcDeH7Uvg/qZ0UcLFQuinmy5dpHFmwDw7AEcCgBMrgGlRAFVBwDx7BM3hxHpwn59V5m7VmnHRmF/yA8/4F2MmWeA==</latexit>

a|010i+ b|101i

<latexit sha1_base64="kAozNWnsG9oYZQ45Yj+J0l09i4c=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEQSiJVKu7ohuXFewD2qFk0rQNzWSGJCOUaXHjr7hxoYhbv8Kdf2PajlBFD1w4Oedecu/xI8G1QejTySwsLi2vZFdza+sbm1vu9k5Nh7GirEpDEaqGTzQTXLKq4UawRqQYCXzB6v7gauLX75jSPJS3ZhgxLyA9ybucEmOltrtHRgijliKyJ9ixP8IIp4+2m0cFNAWcI6cIX5xhiFMlD1JU2u5HqxPSOGDSUEG0bmIUGS8hynAq2DjXijWLCB2QHmtaKknAtJdMTxjDQ6t0YDdUtqSBU3V+IiGB1sPAt50BMX3925uIf3nN2HTPvYTLKDZM0tlH3VhAE8JJHrDDFaNGDC0hVHG7K6R9ogg1NrWcDeH7Uvg/qZ0UcLFQuinmy5dpHFmwDw7AEcCgBMrgGlRAFVBwDx7BM3hxHpwn59V5m7VmnHRmF/yA8/4F2MmWeA==</latexit>

a|001i+ b|110i

<latexit sha1_base64="K/miJWH+FA136kd8NnK476vXZNQ=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEQSiJVKu7ohuXFewD2qFk0rQNzWSGJCOUaXHjr7hxoYhbv8Kdf2PajlBFD1w4Oedecu/xI8G1QejTySwsLi2vZFdza+sbm1vu9k5Nh7GirEpDEaqGTzQTXLKq4UawRqQYCXzB6v7gauLX75jSPJS3ZhgxLyA9ybucEmOltrtHRgjhliKyJ9ixP8IYpY+2m0cFNAWcI6cIX5xhiFMlD1JU2u5HqxPSOGDSUEG0bmIUGS8hynAq2DjXijWLCB2QHmtaKknAtJdMTxjDQ6t0YDdUtqSBU3V+IiGB1sPAt50BMX3925uIf3nN2HTPvYTLKDZM0tlH3VhAE8JJHrDDFaNGDC0hVHG7K6R9ogg1NrWcDeH7Uvg/qZ0UcLFQuinmy5dpHFmwDw7AEcCgBMrgGlRAFVBwDx7BM3hxHpwn59V5m7VmnHRmF/yA8/4F2MmWeA==</latexit>

X1

<latexit sha1_base64="p4eyQ/kdNmDPqmtaQz1KOkGLt6U=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqRQGPe/LWVvf2NzaLuwUd/f2Dw5LR8dNk2Sa8QZLZKLbITVcCsUbKFDydqo5jUPJW+HoZuq3Hrk2IlEPOE55ENOBEpFgFK103+75vVLZd70ZyA/x3MqyUoYF6r3SZ7efsCzmCpmkxnR8L8UgpxoFk3xS7GaGp5SN6IB3LFU05ibIZ6dOyLlV+iRKtC2FZKb+nshpbMw4Dm1nTHFo/npTcZXXyTC6CnKh0gy5YvNFUSYJJmT6N+kLzRnKsSWUaWFvJWxINWVo0ymuDOEfaV66fsWt3lXKtetFHAU4hTO4AB+qUINbqEMDGAzgCV7g1ZHOs/PmvM9b15zFzAkswfn4BubEjZA=</latexit>

X2

<latexit sha1_base64="meLDAS3aN3pKDB56oDYn3L9hQu8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkNgXgMevEY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cfJAjKagoajqprsrTKQw6HlfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Xjm5nfeuTaiFg94CThQUSHSgwEo2il+3av3CuWfNebg/wQz62sKiVYot4rfnb7MUsjrpBJakzH9xIMMqpRMMmnhW5qeELZmA55x1JFI26CbH7qlFxYpU8GsbalkMzV3xMZjYyZRKHtjCiOzF9vJq7zOikOroJMqCRFrthi0SCVBGMy+5v0heYM5cQSyrSwtxI2opoytOkU1obwjzTLrl9xq3eVUu16GUcezuAcLsGHKtTgFurQAAZDeIIXeHWk8+y8Oe+L1pyznDmFFTgf3+hIjZE=</latexit>

X3

<latexit sha1_base64="4AP++oOErg5Ea3mOT69grLb39d4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadloIB6DXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOHkgRlPQUFR1090VJIJr43lfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdt3uXvWKp7HozkB/iuZVlpQQL1HvFz24/ZmmE0jBBte6UvcT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZqdOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqh/utNxVVeJzXhlZ9xmaQGJZsvClNBTEymf5M+V8iMGFtCmeL2VsKGVFFmbDqFlSH8I80Lt1xxq3eVUu16EUceTuAUzqEMVajBLdShAQwG8AQv8OoI59l5c97nrTlnMXMMS3A+vgHpzI2S</latexit>

(1, 1)

<latexit sha1_base64="GwEJmWdSj3uflcy/rE+TS1VJrEU=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJUkGVXCvVY9OKxgtsW2qVk02wbmk2WJCuUpb/BiwdFvPqDvPlvTD8Qq30w8Hhvhpl5UcqZNp735aytb2xubRd2irt7+weHpaPjppaZIjQgkkvVjrCmnAkaGGY4baeK4iTitBWNbqd+65EqzaR4MOOUhgkeCBYzgo2Vgop/6V/0SmXf9WZAP8Rzq8tKGRZo9Eqf3b4kWUKFIRxr3fG91IQ5VoYRTifFbqZpiskID2jHUoETqsN8duwEnVulj2KpbAmDZurviRwnWo+TyHYm2Az1X28qrvI6mYmvw5yJNDNUkPmiOOPISDT9HPWZosTwsSWYKGZvRWSIFSbG5lNcGcI/0rxy/apbu6+W6zeLOApwCmdQAR9qUIc7aEAABBg8wQu8OsJ5dt6c93nrmrOYOYElOB/fI66Nmw==</latexit>

(�1, 1)

<latexit sha1_base64="FG+Mr9+/rie4vE8bof+knvlxFDM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQZddCcRj0IvHCOYByRJmJ7PJ6OzMMjMrhCX/4MWDIl79H2/+jZMHYjQFDUVVN91dYcKZNp735eRWVtfWN/Kbha3tnd294v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSt8uJ74rUeqNJPizowSGsR4IFjECDZWapbP/TP/tFcs+a43BfohnltZVEowR71X/Oz2JUljKgzhWOuO7yUmyLAyjHA6LnRTTRNMHvCAdiwVOKY6yKbXjtGJVfooksqWMGiq/p7IcKz1KA5tZ4zNUP/1JuIyr5Oa6DLImEhSQwWZLYpSjoxEk9dRnylKDB9Zgoli9lZEhlhhYmxAhaUh/CPNC9evuNXbSql2NY8jD0dwDGXwoQo1uIE6NIDAPTzBC7w60nl23pz3WWvOmc8cwgKcj2+Nqo3S</latexit>

(1,�1)

<latexit sha1_base64="yraB7wXUPZ4xkCy8hFKCdqc1tPE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQZddCcRj0IvHCOYByRJmJ7PJ6OzMMjMrhCX/4MWDIl79H2/+jZMHYjQFDUVVN91dYcKZNp735eRWVtfWN/Kbha3tnd294v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSt8uJ74rUeqNJPizowSGsR4IFjECDZWapb9s3P/tFcs+a43BfohnltZVEowR71X/Oz2JUljKgzhWOuO7yUmyLAyjHA6LnRTTRNMHvCAdiwVOKY6yKbXjtGJVfooksqWMGiq/p7IcKz1KA5tZ4zNUP/1JuIyr5Oa6DLImEhSQwWZLYpSjoxEk9dRnylKDB9Zgoli9lZEhlhhYmxAhaUh/CPNC9evuNXbSql2NY8jD0dwDGXwoQo1uIE6NIDAPTzBC7w60nl23pz3WWvOmc8cwgKcj2+NrY3S</latexit>

(�1,�1)

<latexit sha1_base64="GFl474m26thk84tBC42bwcrku0k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAimGVXAvEY9OIxgnlAsoTZyWwyZHZ2mJkVwpKP8OJBEa9+jzf/xskDMZqChqKqm+6uUHKmjed9OWvrG5tb27md/O7e/sFh4ei4qZNUEdogCU9UO8SaciZowzDDaVsqiuOQ01Y4up36rUeqNEvEgxlLGsR4IFjECDZWapXK/mXZv+gVir7rzYB+iOdWlpUiLFDvFT67/YSkMRWGcKx1x/ ekCTKsDCOcTvLdVFOJyQgPaMdSgWOqg2x27gSdW6WPokTZEgbN1N8TGY61Hseh7YyxGeq/3lRc5XVSE10HGRMyNVSQ+aIo5cgkaPo76jNFieFjSzBRzN6KyBArTIxNKL8yhH+keeX6Fbd6XynWbhZx5OAUzqAEPlShBndQhwYQGMETvMCrI51n5815n7euOYuZE1iC8/EN99iOCQ==</latexit>

Stabilizers Z1Z2

<latexit sha1_base64="NoqSqcJwvpFx4Jt0lZru64xVWq0=">AAACKXicbZDLSsNAFIYnXmu12urSTbAIrkJSCnVZdOOygr3QJoTJZJKOncyEmYlSQt/Brb6CT+NO3foiTtMiVnvgwM/3n8O5BCklUtn2h7GxubW9s1vaK+8fVA6PqrXjnuSZQLiLOOViEECJKWG4q4iieJAKDJOA4n4wuZ77/QcsJOHsTk1T7CUwZiQiCCqNekPfGfoNv1p3LLsI80fYVnOV1MEyOn7NqLghR1mCmUIUSjly7FR5ORSKIIpnZTeTOIVoAmM80pLBBEsvL9admeeahGbEhU6mzIL+7shhIuU0CXRlAtVY/vXmcJ03ylR06eWEpZnCDC0GRRk1FTfnt5shERgpOtUCIkH0riYaQwGR0h8quyGOXAFznSwujpgDqgFdAVwDzmJB4rGCQvDHWXntA/+JXsNymlbrtllvXy1fWQKn4AxcAAe0QBvcgA7oAgTuwRN4Bi/Gq/FmvBufi9INY9lzAlbC+PoG6dOmMw==</latexit>

Z2Z3

<latexit sha1_base64="Q1CyYa7efOtRyYc9qs3CM2hyyu4=">AAACKXicbZDLSsNAFIYn9Var1VaXbgaL4CoktVCXRTcuK9gLvVAm00k6djITZiZKCX0Ht/oKPo07deuLOEmLWO2BAz/ffw7n4kWMKu04H1ZuY3Nreye/W9jbLx4clspHbSViiUkLCyZk10OKMMpJS1PNSDeSBIUeIx1vep36nQciFRX8Ts8iMgxRwKlPMdIGtXujam90MSpVXNvJAv4Ix66tkgpYRnNUtoqDscBxSLjGDCnVd51IDxMkNcWMzAuDWJEI4SkKSN9IjkKihkm27hyeGTKGvpAmuYYZ/d2RoFCpWeiZyhDpifrrpXCd14+1fzlMKI9iTTheDPJjBrWA6e1wTCXBms2MQFhSsyvEEyQR1uZDhcGY+AOJEpM8yI5IATOArQBhgOCBpMFEIynF47yw9oH/RLtquzW7flurNK6Wr8yDE3AKzoEL6qABbkATtAAG9+AJPIMX69V6s96tz0Vpzlr2HIOVsL6+Ae1WpjU=</latexit>

The code space is stabilized 
 under the stabilizers.
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Z1

<latexit sha1_base64="lJKFgK8OukrgFsE+V0XIuJ5ax34=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGvXiMaB6YLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOHkgRlPQUFR1090VpoJr43lfTm5tfWNzK79d2Nnd2z8oHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNR1SaJ/LejFIMYtqXPOKMGivdPXT9brHku94M5Id4bnlZKcECtW7xs9NLWBajNExQrdu+l5pgTJXhTOCk0Mk0ppQNaR/blkoaow7Gs1Mn5MwqPRIlypY0ZKb+nhjTWOtRHNrOmJqB/utNxVVeOzPRZTDmMs0MSjZfFGWCmIRM/yY9rpAZMbKEMsXtrYQNqKLM2HQKK0P4RxoXrl92K7flUvVqEUceTuAUzsGHClThBmpQBwZ9eIIXeHWE8+y8Oe/z1pyzmDmGJTgf3+nQjZI=</latexit>

Z2

<latexit sha1_base64="zsFHm3nX667raGa7/pX8m3b/RzQ=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbshEI9BLx4jmgcmS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFiRQGPe/LWVvf2Nzazu3kd/f2Dw4LR8cNE6ea8TqLZaxbITVcCsXrKFDyVqI5jULJm+Hoeuo3H7k2Ilb3OE54ENGBEn3BKFrp7qFb6haKvuvNQH6I55aXlSIsUOsWPju9mKURV8gkNabtewkGGdUomOSTfCc1PKFsRAe8bamiETdBNjt1Qs6t0iP9WNtSSGbq74mMRsaMo9B2RhSH5q83FVd57RT7l0EmVJIiV2y+qJ9KgjGZ/k16QnOGcmwJZVrYWwkbUk0Z2nTyK0P4Rxol1y+7ldtysXq1iCMHp3AGF+BDBapwAzWoA4MBPMELvDrSeXbenPd565qzmDmBJTgf3+tUjZM=</latexit>

Z3

<latexit sha1_base64="7YV0jaWhJsIIMpUYr9uCndI/gko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadnVQDwGvXiMaGIwWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cfJAjKagoajqprsrTATXxvO+nNzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqhlSj4BLrhhuBzUQhjUKB9+HwauLfP6LSPJZ3ZpRgENG+5D3OqLHS7UPnvFMs+a43BfkhnlteVEowR61T/Gx3Y5ZGKA0TVOuW7yUmyKgynAkcF9qpxoSyIe1jy1JJI9RBNj11TE6s0iW9WNmShkzV3xMZjbQeRaHtjKgZ6L/eRFzmtVLTuwgyLpPUoGSzRb1UEBOTyd+kyxUyI0aWUKa4vZWwAVWUGZtOYWkI/0jjzPXLbuWmXKpezuPIwxEcwyn4UIEqXEMN6sCgD0/wAq+OcJ6dN+d91ppz5jOHsADn4xvs2I2U</latexit>

a|+++i+ b|���i

<latexit sha1_base64="onzM4vTqQdHKigN7gkwCF8Exeh8=">AAACAnicdVBdSwJBFJ21L7Mvq6foZUiCYFF2w7LepF56NEgNVOTuOOrg7OwyMxvIKr30V3rpoYhe+xW99W8adQOLOnDhzDn3MvceL+RMacf5tFILi0vLK+nVzNr6xuZWdnunpoJIElolAQ/krQeKciZoVTPN6W0oKfgep3VvcDnx63dUKhaIGz0MacuHnmBdRkAbqZ3dg5Ft200Josep7Y3y+XzyaGdzTsGZAs+RE8c9P3Wxmyg5lKDSzn40OwGJfCo04aBUw3VC3YpBakY4HWeakaIhkAH0aMNQAT5VrXh6whgfGqWDu4E0JTSeqvMTMfhKDX3PdPqg++q3NxH/8hqR7p61YibCSFNBZh91I451gCd54A6TlGg+NASIZGZXTPoggWiTWsaE8H0p/p/UjgtusVC6LubKF0kcabSPDtARclEJldEVqqAqIugePaJn9GI9WE/Wq/U2a01Zycwu+gHr/QuuNZZd</latexit>

a|�++i+ b|+��i

<latexit sha1_base64="yGFITOTlAlJfitXdFskWPskk3do=">AAACAnicdVBdSwJBFJ21L7Mvq6foZUiCYFF2w7LepF56NEgNVOTuOOrg7OwyMxvIKr30V3rpoYhe+xW99W8adQOLOnDhzDn3MvceL+RMacf5tFILi0vLK+nVzNr6xuZWdnunpoJIElolAQ/krQeKciZoVTPN6W0oKfgep3VvcDnx63dUKhaIGz0MacuHnmBdRkAbqZ3dg1HetpsSRI9T2xvZ+XzyaGdzTsGZAs+RE8c9P3Wxmyg5lKDSzn40OwGJfCo04aBUw3VC3YpBakY4HWeakaIhkAH0aMNQAT5VrXh6whgfGqWDu4E0JTSeqvMTMfhKDX3PdPqg++q3NxH/8hqR7p61YibCSFNBZh91I451gCd54A6TlGg+NASIZGZXTPoggWiTWsaE8H0p/p/UjgtusVC6LubKF0kcabSPDtARclEJldEVqqAqIugePaJn9GI9WE/Wq/U2a01Zycwu+gHr/QuuT5Zd</latexit>

a|+�+i+ b|�+�i

<latexit sha1_base64="qUuW6Un4XmhBdyzYlQp3HFIS334=">AAACAnicdVBdSwJBFJ21L7Mvq6foZUiCYFF2w7LepF56NEgNVOTuOOrg7OwyMxvIKr30V3rpoYhe+xW99W8adQOLOnDhzDn3MvceL+RMacf5tFILi0vLK+nVzNr6xuZWdnunpoJIElolAQ/krQeKciZoVTPN6W0oKfgep3VvcDnx63dUKhaIGz0MacuHnmBdRkAbqZ3dg5Gdt5sSRI9T2xvl7XzyaGdzTsGZAs+RE8c9P3Wxmyg5lKDSzn40OwGJfCo04aBUw3VC3YpBakY4HWeakaIhkAH0aMNQAT5VrXh6whgfGqWDu4E0JTSeqvMTMfhKDX3PdPqg++q3NxH/8hqR7p61YibCSFNBZh91I451gCd54A6TlGg+NASIZGZXTPoggWiTWsaE8H0p/p/UjgtusVC6LubKF0kcabSPDtARclEJldEVqqAqIugePaJn9GI9WE/Wq/U2a01Zycwu+gHr/QuuT5Zd</latexit>

a|++�i+ b|��+i

<latexit sha1_base64="XYEHVtS4/B5IciWvb9bujehF6L0=">AAACAnicdVBdSwJBFJ21L7Mvq6foZUiCYFF2w7LepF56NEgNVOTuOOrg7OwyMxvIKr30V3rpoYhe+xW99W8adQOLOnDhzDn3MvceL+RMacf5tFILi0vLK+nVzNr6xuZWdnunpoJIElolAQ/krQeKciZoVTPN6W0oKfgep3VvcDnx63dUKhaIGz0MacuHnmBdRkAbqZ3dg5Ft55sSRI9T2xvl83byaGdzTsGZAs+RE8c9P3Wxmyg5lKDSzn40OwGJfCo04aBUw3VC3YpBakY4HWeakaIhkAH0aMNQAT5VrXh6whgfGqWDu4E0JTSeqvMTMfhKDX3PdPqg++q3NxH/8hqR7p61YibCSFNBZh91I451gCd54A6TlGg+NASIZGZXTPoggWiTWsaE8H0p/p/UjgtusVC6LubKF0kcabSPDtARclEJldEVqqAqIugePaJn9GI9WE/Wq/U2a01Zycwu+gHr/QuuT5Zd</latexit>

Stabilizers X1X2

<latexit sha1_base64="8NVwYLck5jiiyKm4/dR0h1BieKs=">AAACKXicbZDLSsNAFIZnvNZotdWlm2ARXIWkFOqy6MZlBXuBtoTJZJKOncyEmYlSQt/Brb6CT+NO3foiTtoiVnvgwM/3n8O5BCmjSrvuB9zY3Nre2S3tWfsH5cOjSvW4q0QmMelgwYTsB0gRRjnpaKoZ6aeSoCRgpBdMrgu/90CkooLf6WlKRgmKOY0oRtqgbt/3+n7dr9Q8x52H/SNcp7FKamAZbb8Ky8NQ4CwhXGOGlBp4bqpHOZKaYkZm1jBTJEV4gmIyMJKjhKhRPl93Zp8bEtqRkCa5tuf0d0eOEqWmSWAqE6TH6q9XwHXeINPR5SinPM004XgxKMqYrYVd3G6HVBKs2dQIhCU1u9p4jCTC2nzIGoYkGkqUm+Tx/IgCMAPYChAGCB5LGo81klI8zqy1D/wnunXHazjN20atdbV8ZQmcgjNwATzQBC1wA9qgAzC4B0/gGbzAV/gG3+HnonQDLntOwErAr2/ixaYv</latexit>

X2X3

<latexit sha1_base64="7nThUGQKQHsAWkY3RS6Xxqw6ANU=">AAACKXicbZDLTsJAFIaneEMUBV26mUhMXJGCJLgkunGJiUATaJrpdFpGpjPNzFRDGt7Brb6CT+NO3foiDoUYUU5ykj/ff07OxU8YVdq2P6zCxubW9k5xt7S3Xz44rFSP+kqkEpMeFkxIx0eKMMpJT1PNiJNIgmKfkYE/uZ77gwciFRX8Tk8T4sYo4jSkGGmD+o7XdLwLr1Jr1O084I+w661VUgPL6HpVqzwKBE5jwjVmSKlhw060myGpKWZkVhqliiQIT1BEhkZyFBPlZvm6M3hmSABDIU1yDXP6uyNDsVLT2DeVMdJj9debw3XeMNXhpZtRnqSacLwYFKYMagHnt8OASoI1mxqBsKRmV4jHSCKszYdKo4CEI4kykzzKj5gDZgBbAcIAwSNJo7FGUorHWWntA/+JfrPeaNXbt61a52r5yiI4AafgHDRAG3TADeiCHsDgHjyBZ/BivVpv1rv1uSgtWMueY7AS1tc35kimMQ==</latexit>

The code space is stabilized 
 under the stabilizers.
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The Pauli Group

{I X Y Z}

<latexit sha1_base64="3anvq6fPfa5WF1dXQQevl+6rvJo=">AAACAXicdVBNS8MwGE7n15xfVS+Cl+AQPJV2FOZuQy96m+A+dC0jzdItLE1LkgqjzIt/xYsHRbz6L7z5b8y6MVT0IW94eJ73JXmfIGFUKtv+NApLyyura8X10sbm1vaOubvXknEqMGnimMWiEyBJGOWkqahipJMIgqKAkXYwOp/67TsiJI35tRonxI/QgNOQYqS01DMPvOwSelCfji4P3uT3rTfpmWXbcm0NFzqWnQPaVq1Wq9iVhVIGczR65ofXj3EaEa4wQ1J2HTtRfoaEopiRSclLJUkQHqEB6WrKUUSkn+UbTOCxVvowjIUurmCufp/IUCTlOAp0Z4TUUP72puJfXjdV4amfUZ6kinA8eyhMGVQxnMYB+1QQrNhYE4QF1X+FeIgEwkqHVtIhLHb/n7QqluNa1Su3XD+bx1EEh+AInAAHVEEdXIAGaAIM7sEjeAYvxoPxZLwab7PWgjGf2Qc/YLx/ATzklDk=</latexit>

{I X Y Z ,�I iX iY iZ}

<latexit sha1_base64="66qIiH87xDWxFgPZ3IxSFO7ci2Q=">AAACHnicdVDLSgMxFM34rPU16tJNsAgudJgpI7W7ohvdVbAP2xlKJs20oZkHSUYoQ7/Ejb/ixoUigiv9G9POUFT0kBsO59xLco8XMyqkaX5qC4tLyyurhbXi+sbm1ra+s9sUUcIxaeCIRbztIUEYDUlDUslIO+YEBR4jLW90MfVbd4QLGoU3chwTN0CDkPoUI6mknn7qpFfQgeq0VTnwdnZ3HHgM4Unu0MyimUc7zqSnl0zDNhVsaBnmDNA0qtVq2SzPlRLIUe/p704/wklAQokZEqJrmbF0U8QlxYxMik4iSIzwCA1IV9EQBUS46Wy9CTxUSh/6EVcVSjhTv0+kKBBiHHiqM0ByKH57U/Evr5tI/8xNaRgnkoQ4e8hPGJQRnGYF+5QTLNlYEYQ5VX+FeIg4wlIlWlQhzHf/nzTLhmUblWu7VDvP4yiAfXAAjoAFKqAGLkEdNAAG9+ARPIMX7UF70l61t6x1Qctn9sAPaB9fL+CcZw==</latexit>

P1 = {±I ±X ± Y ± Z ,±iI ± iX ± iY ± iZ}

<latexit sha1_base64="Z9N1WRuomqKVgD50StI07pceegI="></latexit>

dim(Pn) = 4⇥ 4n = 4n+1

<latexit sha1_base64="UszZ5+T1NfEZ7DbOg14nBeOxQq4="></latexit>
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S = {s1 s2 s3 · · · sN }

<latexit sha1_base64="x3Wo0/uPFNay0AGaRFLDYEUnViI="></latexit>

sisj = sjsi

<latexit sha1_base64="oSsPk40h0RvkuL3V4A+VC4hFAQw=">AAAB9HicdVDLSsNAFL2pr1pfVZduBovgKiSlULsQim5cVrAPaEOYTCft2MkkzkwKJfQ73LhQxK0f486/cfqgqOiBC4dz7uXee4KEM6Ud59PKra1vbG7ltws7u3v7B8XDo5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H1zG+PqVQsFnd6klAvwgPBQkawNpKnfKb8+0tThvnFkmNXHIMKcm1nDuTYtVqt7JRXSgmWaPjFj14/JmlEhSYcK9V1nUR7GZaaEU6nhV6qaILJCA9o11CBI6q8bH70FJ0ZpY/CWJoSGs3V7xMZjpSaRIHpjLAeqt/eTPzL66Y6vPAyJpJUU0EWi8KUIx2jWQKozyQlmk8MwUQycysiQywx0Sangglh9fv/pFW23Ypdva2U6lfLOPJwAqdwDi5UoQ430IAmEHiAR3iGF2tsPVmv1tuiNWctZ47hB6z3Lxzvklk=</latexit>

hs1 s2 · · · ski

<latexit sha1_base64="0nr/zMrzvzaEyGZOxsbvfP/nj0Y=">AAACGHicdVDNS8MwHE3n15xfVY9egkPwVNtRmLsNvXic4D5gLSVNsy0sTUuSCqPsz/Div+LFgyJed/O/MevmUNEXAo/33o/k98KUUals+8Mora1vbG6Vtys7u3v7B+bhUUcmmcCkjROWiF6IJGGUk7aiipFeKgiKQ0a64fh67nfviZA04XdqkhI/RkNOBxQjpaXAvPAY4kNGoAwcD86PDGoFwVGiJPzSxp4ocoFZtS3X1nChY9kFoG01Go2aXVspVbBEKzBnXpTgLCZcYYak7Dt2qvwcCUUxI9OKl0mSIjxGQ9LXlKOYSD8vFpvCM61EcJAIfbmChfp9IkexlJM41MkYqZH87c3Fv7x+pgaXfk55minC8eKhQcagSuC8JRhRQbBiE00QFlT/FeIREggr3WVFl7Da/X/SqVmOa9Vv3WrzallHGZyAU3AOHFAHTXADWqANMHgAT+AFvBqPxrPxZrwvoiVjOXMMfsCYfQJxB540</latexit>

CS = {| i, sk| i = | i}

<latexit sha1_base64="bolF5esMKoya7cf7eVgqMmKYQpY=">AAACJ3icdVDLSgMxFM3UV62vUZdugkVwIcO0DNQuKsVuXFa0D+iUIZOmbWgmMyQZoYz9Gzf+ihtBRXTpn5g+KKPoCYGTc+7l5h4/YlQq2/40Miura+sb2c3c1vbO7p65f9CUYSwwaeCQhaLtI0kY5aShqGKkHQmCAp+Rlj+qTf3WHRGShvxWjSPSDdCA0z7FSGnJMy9q3k3FTe7dSFJXID5g5Ay6qSO9UdqspB/uxDPztuXYGg4sWPYM0LbK5XLRLi6VPFig7pkvbi/EcUC4wgxJ2SnYkeomSCiKGZnk3FiSCOERGpCOphwFRHaT2Z4TeKKVHuyHQl+u4ExNdyQokHIc+LoyQGoof3tT8S+vE6v+eTehPIoV4Xg+qB8zqEI4DQ32qCBYsbEmCAuq/wrxEAmElY42p0NY7v4/aRatgmOVrp189XIRRxYcgWNwCgqgBKrgCtRBA2DwAJ7AK3gzHo1n4934mJdmjEXPIfgB4+sba/2lxA==</latexit>

S

<latexit sha1_base64="QMWxK7eApp7nnED38HCMmkEKGOw=">AAACJHicdZDNSgMxEMez9atWq1aPXoJF8FR2xc9b0YvHFm0rtKVk09ltaDZZkqxSlj6BV30Fn8abePDis5i2K7SiAwN/fjPDzPz9mDNtXPfTyS0tr6yu5dcLG5vFre2d0m5Ty0RRaFDJpbr3iQbOBDQMMxzuYwUk8jm0/OH1pN56AKWZFHdmFEM3IqFgAaPEWFS/7e2U3Yo7DTwnTl3v8szDXkbKKItar+QUO31JkwiEoZxo3fbc2HRTogyjHMaFTqIhJnRIQmhbKUgEuptOLx3jQ0v6OJDKpjB4SucnUhJpPYp82xkRM9C/axP4V62dmOCimzIRJwYEnS0KEo6NxJO3cZ8poIaPrCBUMXsrpgOiCDXWnEKnD0FHkdSmCKdPTAC3gC8AaYEUoWLhwBCl5OO4YA38cQn/L5rHFe+kcl4/KVevMivzaB8doCPkoXNURTeohhqIIkBP6Bm9OK/Om/PufMxac042s4cWwvn6BqG1pI8=</latexit>

Pn

<latexit sha1_base64="eC5bafE7KTNAHIX8/cD/dnRmzIk=">AAACJnicdZDNSgMxEMeT+lWr1VaPXoJF8FR2pVq9Fb14rGhbobuUbJrdhmaTJckqZekjeNVX8Gm8iXjzUUw/hFZ0YODPb2aYmX+QcKaN43zC3Mrq2vpGfrOwtV3c2S2V99paporQFpFcqvsAa8qZoC3DDKf3iaI4DjjtBMOrSb3zQJVmUtyZUUL9GEeChYxgY9Ftsyd6pYpTdaaBFsSp416cucidkwqYR7NXhkWvL0kaU2EIx1p3XScxfoaVYYTTccFLNU0wGeKIdq0UOKbaz6a3jtGRJX0USmVTGDSlixMZjrUexYHtjLEZ6N+1Cfyr1k1NeO5nTCSpoYLMFoUpR0aiyeOozxQlho+swEQxeysiA6wwMdaegtenoadwZlNE0ycmgFvAl4C0QIpIsWhgsFLycVywBv64hP4X7ZOqW6vWb2qVxuXcyjw4AIfgGLigDhrgGjRBCxAQgSfwDF7gK3yD7/Bj1pqD85l9sBTw6xtOlKVt</latexit>

A stabilizer subgroup is any subgroup of the  
Pauli group which is Abelian and does not contain -I. 

S is generated by these elements.



S1

<latexit sha1_base64="My4n99z524dQF9PPJ39MAslDE/0=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHSMwDkiXMTmaTIbOzy8ysEJZ8ghcPinj1i7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks7800YX5ERpKHnBJjpWZz4A2KJexWsEUFeS5eAGG3VquVcXmtlGCFxqD40R/GNI2YNFQQrXseToyfEWU4FWxW6KeaJYROyIj1LJUkYtrPFqfO0IVVhiiMlS1p0EL9PpGRSOtpFNjOiJix/u3Nxb+8XmrCKz/jMkkNk3S5KEwFMjGa/42GXDFqxNQSQhW3tyI6JopQY9Mp2BDWv/9P2mXXq7jVu0qpfr2KIw9ncA6X4EEV6nALDWgBhRE8wjO8OMJ5cl6dt2VrzlnNnMIPOO9fD8qNrQ==</latexit>

1-1

dim(CS)

<latexit sha1_base64="XloE21lnFVt1ZlpgHZtP3AYiPTM=">AAACK3icbZDLSsNAFIYnXmu12urSTbAIdRMSKdRlsRuXFe0FmlAmk0k6dDITZiZKCX0Jt/oKPo0rxa3v4SQtYrUHDvx8/zmci59QIpVtvxsbm1vbO7ulvfL+QeXwqFo77kueCoR7iFMuhj6UmBKGe4ooioeJwDD2KR74007uDx6wkISzezVLsBfDiJGQIKg0GgYkbnTGdxfjat2x7CLMH2FbzVVSB8vojmtGxQ04SmPMFKJQypFjJ8rLoFAEUTwvu6nECURTGOGRlgzGWHpZsfDcPNckMEMudDJlFvR3RwZjKWexrytjqCbyr5fDdd4oVeGVlxGWpAoztBgUptRU3MyvNwMiMFJ0pgVEguhdTTSBAiKlf1R2Axy6AmY6WVQckQOqAV0BXAPOIkGiiYJC8Md5ee0D/4n+peU0rdZts96+Xr6yBE7BGWgAB7RAG9yALugBBCh4As/gxXg13owP43NRumEse07AShhf32RwpvI=</latexit>

Since S should not contain -I, the square of any of its elements is I.  
Therefore any element splits the space into two equal halves. 
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S2

<latexit sha1_base64="pbbRJs5iBMqk9MufSbV3ji3UlGQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQhULsrunFZqX1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6YOiogcuHM65l3vvCVPOlHacT6uwsbm1vVPcLe3tHxwelY9P2irJJKEtkvBEdkOsKGeCtjTTnHZTSXEcctoJJzdzv/NApWKJuNfTlAYxHgkWMYK1kZrNgTcoVxzbdwx85NrOAsixa7Wa53hrpQIrNAblj/4wIVlMhSYcK9VznVQHOZaaEU5npX6maIrJBI9oz1CBY6qCfHHqDF0YZYiiRJoSGi3U7xM5jpWaxqHpjLEeq9/eXPzL62U6ugpyJtJMU0GWi6KMI52g+d9oyCQlmk8NwUQycysiYywx0Sadkglh/fv/pO3Zrm9X7/xK/XoVRxHO4BwuwYUq1OEWGtACAiN4hGd4sbj1ZL1ab8vWgrWaOYUfsN6/ABFOja4=</latexit>

1,1
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S3

<latexit sha1_base64="FYULTdB1/jYbk+Aj5pbsaIDSj8g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNxIeYW9OIxEvOAZAmzk9lkyOzsMjMrhJBP8OJBEa9+kTf/xsmDoKIFDUVVN91dYSq4Nhh/OmvrG5tb27md/O7e/sFh4ei4qZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IezNOWRCTgeQRp8RYqV7vXfYKRez62MJHnovnQNitVColXFopRVii1it8dPsJzWImDRVE646HUxNMiDKcCjbNdzPNUkJHZMA6lkoSMx1M5qdO0blV+ihKlC1p0Fz9PjEhsdbjOLSdMTFD/dubiX95ncxEV8GEyzQzTNLFoigTyCRo9jfqc8WoEWNLCFXc3orokChCjU0nb0NY/f4/aZZcz3fLd36xer2MIwencAYX4EEZqnALNWgAhQE8wjO8OMJ5cl6dt0XrmrOcOYEfcN6/ABLSja8=</latexit>

1,1,1
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S4

<latexit sha1_base64="PnP5VgnFfejMIDYfYc8kYIWTsiw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCzG3oBePkZgHJEuYncwmQ2Znl5lZIYR8ghcPinj1i7z5N04eBBUtaCiquunuClPBtcH408ltbG5t7+R3C3v7B4dHxeOTlk4yRVmTJiJRnZBoJrhkTcONYJ1UMRKHgrXD8c3cbz8wpXki780kZUFMhpJHnBJjpUaj7/eLJez62MJHnosXQNitVqtlXF4rJVih3i9+9AYJzWImDRVE666HUxNMiTKcCjYr9DLNUkLHZMi6lkoSMx1MF6fO0IVVBihKlC1p0EL9PjElsdaTOLSdMTEj/dubi3953cxEV8GUyzQzTNLloigTyCRo/jcacMWoERNLCFXc3oroiChCjU2nYENY//4/aZVdz3crd36pdr2KIw9ncA6X4EEFanALdWgChSE8wjO8OMJ5cl6dt2VrzlnNnMIPOO9fFFaNsA==</latexit>

1,1,1,1
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dim(CS) =
2n

2k
= 2n�k

<latexit sha1_base64="7k+dF+U5eUvGYN343Ie+GCjbVic="></latexit>

k is the number of generators of S. 



Detectable error

Un-detectable error

Esi = �siE

<latexit sha1_base64="urpHV8eEZCvZ2ieZ9oCzh/vvyfU=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHcOMxIoW6EohRcVrAPbIeSSTNtaCYZkoxQhv6FGxeKuPVv3Pk3pg/Eag/cy+Gce8nNCRPOtPG8L2dldW19YzO3ld/e2d3bLxwcNrRMFaF1IrlUrRBrypmgdcMMp61EURyHnDbD4c3Ebz5SpZkU92aU0CDGfcEiRrCx0kNVd9nVuW3VbqHou94U6Id4bmlRKcIctW7hs9OTJI2pMIRjrdu+l5ggw8owwuk430k1TTAZ4j5tWypwTHWQTS8eo1Or9FAklS1h0FT9vZHhWOtRHNrJGJuB/utNxGVeOzXRZZAxkaSGCjJ7KEo5MhJNvo96TFFi+MgSTBSztyIywAoTY0PKLw3hH2lcuH7JLd+VipXreRw5OIYTOAMfylCBW6hBHQgIeIIXeHW08+y8Oe+z0RVnvnMEC3A+vgHFA5BY</latexit>

ES = SE

<latexit sha1_base64="CsNXI8FrQb7oheMn3E/oWe6sd7E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0F6EohQ8VmraQhvKZrtpl242YXcjlNDf4MWDIl79Qd78N24/EKt9MPB4b4aZeUHCmdKO82XlNja3tnfyu4W9/YPDo+LxSUvFqSTUIzGPZSfAinImqKeZ5rSTSIqjgNN2ML6d+e1HKhWLxYOeJNSP8FCwkBGsjeTVm9fNer9Ycm1nDvRDHLu8qpRgiUa/+NkbxCSNqNCEY6W6rpNoP8NSM8LptNBLFU0wGeMh7RoqcESVn82PnaILowxQGEtTQqO5+nsiw5FSkygwnRHWI/XXm4nrvG6qw6qfMZGkmgqyWBSmHOkYzT5HAyYp0XxiCCaSmVsRGWGJiTb5FNaG8I+0rmy3bFfuy6XazTKOPJzBOVyCCxWowR00wAMCDJ7gBV4tYT1bb9b7ojVnLWdOYQXWxzf8BI4p</latexit>

Undetectable errors move the state within the code space. 
Therefore they act as logical gates. 
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N(S)

S

P

N(S) = {e 2 P | eS = Se}

<latexit sha1_base64="9KS77KYllFn02S32aR2WbFetJwU=">AAACAnicbZBLSwMxFIUzPmt9jboSN8Ei1E2ZkULdFIpuXEml9gGdoWTSO21oJjMkGaGMxY1/xY0LRdz6K9z5b5w+EKs9EDh8516SHC/iTGnL+jKWlldW19YzG9nNre2dXXNvv6HCWFKo05CHsuURBZwJqGumObQiCSTwODS9weU4b96BVCwUt3oYgRuQnmA+o0SnqGMeXudrp2UnAYcJXL13sIOhVq6BM+qYObtgTYR/jFUozpMcmqnaMT+dbkjjAISmnCjVtq1IuwmRmlEOo6wTK4gIHZAetFMrSADKTSZfGOGTlHSxH8r0CI0n9PdGQgKlhoGXTgZE99XfbAwXZe1Y++duwkQUaxB0epEfc6xDPO4Dd5kEqvkwNYRKlr4V0z6RhOq0tezCEv6ZxlnBLhZKN8Vc5WJWRwYdoWOURzYqoQq6QlVURxQ9oCf0gl6NR+PZeDPep6NLxmznAM3J+PgGtkCVvQ==</latexit>

Normalizer of S

Detectable errors

Logical gates
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Z = {Z1 Z2 Z3 Z1Z2Z3}

<latexit sha1_base64="YNxQ0S5b/gByhfX8xGRKmqYDvwU=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISGphboRim5cVrAP2oQwmU7aoZMHMxOhhPyEG3/FjQtF3Aru/BsnaRGrvTCXM+fcw505XsyokKb5pZVWVtfWN8qbla3tnd09ff+gI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5DrXu/eECxqFd3IaEydAo5D6FCOpKFc/syMl5+60n13aad+1bAj7bq3o50W31DXHmatXLcMsCv4A06gvMlUwr5arf9rDCCcBCSVmSIiBZcbSSRGXFDOSVexEkBjhCRqRgYIhCohw0uJXGTxRzBD6EVcnlLBgfztSFAgxDTw1GSA5Fn+1nFymDRLpXzgpDeNEkhDPFvkJgzKCeURwSDnBkk0VQJhT9VaIx4gjLFWQlaUh/AOdmmHVjcZtvdq8msdRBkfgGJwCCzRAE9yAFmgDDB7AE3gBr9qj9qy9ae+z0ZI29xyChdI+vgH2YpzI</latexit>

N1 ⇠ N2

<latexit sha1_base64="j4sMpmAurWjZAezcKOFruXuvJ3M=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMhEI9BL55CBLPAZBh6Oj1Jk16G7hohDPkMLx4U8erXePNvnCyISx4UPN6roqpelAhuwXU/ncLG5tb2TnG3tLd/cHhUPj7pWp0ayjpUC236EbFMcMU6wEGwfmIYkZFgvWhyM/d7D8xYrtU9TBMWSDJSPOaUQC75rdAbWC5xK6yF5YpXdRfA38St1n8rFbRCOyx/DIaappIpoIJY63tuAkFGDHAq2Kw0SC1LCJ2QEfNzqohkNsgWJ8/wRa4McaxNXgrwQv05kRFp7VRGeackMLZ/vbm4zvNTiK+CjKskBaboclGcCgwaz//HQ24YBTHNCaGG57diOiaGUMhTKq0N4R/p1qpevdq4q1ea16s4iugMnaNL5KEGaqJb1EYdRJFGj+gZvTjgPDmvztuyteCsZk7RLzjvXxEskHo=</latexit>

N1 = N2 s

<latexit sha1_base64="rZstq5mQkEx7U9UNweXpIl8ds/U=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgKiSlUDdC0Y2rUsE+IA1hMp20QyeTMDMRSuhnuHGhiFu/xp1/4/SBWO2BC4dz7uXee8KUM6Ud58sqbGxube8Ud0t7+weHR+Xjk45KMklomyQ8kb0QK8qZoG3NNKe9VFIch5x2w/HtzO8+UqlYIh70JKV+jIeCRYxgbSSvGbjXzaCK+kgF5YprO3OgH+LYtVWlAku0gvJnf5CQLKZCE46V8lwn1X6OpWaE02mpnymaYjLGQ+oZKnBMlZ/PT56iC6MMUJRIU0Kjufp7IsexUpM4NJ0x1iP115uJ6zwv09GVnzORZpoKslgUZRzpBM3+RwMmKdF8YggmkplbERlhiYk2KZXWhvCPdKq2W7Pr97VK42YZRxHO4BwuwYU6NOAOWtAGAgk8wQu8Wtp6tt6s90VrwVrOnMIKrI9vVsGQAQ==</latexit>

S

P

N1

<latexit sha1_base64="Vi0CzlhdblMPrWhO1uGHXoUu2SQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGvXiSiOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZMHYjQFDUVVN91dYSq4Np735eTW1jc2t/LbhZ3dvf2D4uFRQyeZYlhniUhUK6QaBZdYN9wIbKUKaRwKbIbD66nffESleSIfzCjFIKZ9ySPOqLHS/W3X7xZLvuvNQH6I55aXlRIsUOsWPzu9hGUxSsME1brte6kJxlQZzgROCp1MY0rZkPaxbamkMepgPDt1Qs6s0iNRomxJQ2bq74kxjbUexaHtjKkZ6L/eVFzltTMTXQZjLtPMoGTzRVEmiEnI9G/S4wqZESNLKFPc3krYgCrKjE2nsDKEf6Rx4fplt3JXLlWvFnHk4QRO4Rx8qEAVbqAGdWDQhyd4gVdHOM/Om/M+b805i5ljWILz8Q3XiI2G</latexit>

N2

<latexit sha1_base64="z60PpXTE9MAYjvccf2Lz8Z7vZq8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbshEI9BL54konlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4+SBGE1BQ1HVTXdXmEhh0PO+nLX1jc2t7dxOfndv/+CwcHTcMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmOrqd+85FrI2L1gOOEBxEdKNEXjKKV7m+7pW6h6LveDOSHeG55WSnCArVu4bPTi1kacYVMUmPavpdgkFGNgkk+yXdSwxPKRnTA25YqGnETZLNTJ+TcKj3Sj7UthWSm/p7IaGTMOAptZ0RxaP56U3GV106xfxlkQiUpcsXmi/qpJBiT6d+kJzRnKMeWUKaFvZWwIdWUoU0nvzKEf6RRcv2yW7krF6tXizhycApncAE+VKAKN1CDOjAYwBO8wKsjnWfnzXmft645i5kTWILz8Q3ZDI2H</latexit>

N1| i = N2S| i

<latexit sha1_base64="KdzLb43VZA/E7HcycryXrq+Li+E="></latexit>

N (S)

<latexit sha1_base64="iAj8WSvUZ0+Veu0nIZq+DERayuA=">AAACLnicbZDLSgMxFIYzXmu12urSTbAIdVOmUqjLohtXUtFeoFPKmTQzDc0kQ5JRytDHcKuv4NMILsStj2F6Qaz2hwM/3zmHnPx+zJk2rvvurK1vbG5tZ3ayu3u5/YN84bClZaIIbRLJper4oClngjYNM5x2YkUh8jlt+6Orab/9QJVmUtybcUx7EYSCBYyAsaibegQ4vpmU7s76+WKl7M6Ef4xbri6TIlqo0S84OW8gSRJRYQgHrbsVNza9FJRhhNNJ1ks0jYGMIKRdawVEVPfS2c0TfGrJAAdS2RIGz+jvjRQirceRbycjMEP9tzeFq3rdxAQXvZSJODFUkPlDQcKxkXgaAB4wRYnhY2uAKGZvxWQICoixMWW9AQ08BaktEc4+MQXcAr4EpAVShIqFQwNKycdJdmWA/0zrvFyplmu31WL9chFlBh2jE1RCFVRDdXSNGqiJCJLoCT2jF+fVeXM+nM/56Jqz2DlCS3K+vgHFFKgm</latexit>

= N2| i

<latexit sha1_base64="6WxKO3KG46f6iywPmCh/9RjN7Kc="></latexit>

Each coset of S in N(S) corresponds 
 to a single logical operator. 
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N(S) S

P

N1

<latexit sha1_base64="Vi0CzlhdblMPrWhO1uGHXoUu2SQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGvXiSiOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZMHYjQFDUVVN91dYSq4Np735eTW1jc2t/LbhZ3dvf2D4uFRQyeZYlhniUhUK6QaBZdYN9wIbKUKaRwKbIbD66nffESleSIfzCjFIKZ9ySPOqLHS/W3X7xZLvuvNQH6I55aXlRIsUOsWPzu9hGUxSsME1brte6kJxlQZzgROCp1MY0rZkPaxbamkMepgPDt1Qs6s0iNRomxJQ2bq74kxjbUexaHtjKkZ6L/eVFzltTMTXQZjLtPMoGTzRVEmiEnI9G/S4wqZESNLKFPc3krYgCrKjE2nsDKEf6Rx4fplt3JXLlWvFnHk4QRO4Rx8qEAVbqAGdWDQhyd4gVdHOM/Om/M+b805i5ljWILz8Q3XiI2G</latexit>

[N1] = {N1 N1s1 N1s2 · · · } = N1S

<latexit sha1_base64="f9+wqMGBAfoOoSDUbHs5NAnmg+8=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCq5CUQt0Uim5cSUV7gSSEyWTSDp1cmJkIJfQ53Pgqblwo4k7c+DZO0iJW+8NwPv5zDjPz+ymjQprml7ayura+sVnZqm7v7O7t6weHPZFkHJMuTljCBz4ShNGYdCWVjAxSTlDkM9L3x5dFv39PuKBJfCcnKXEjNIxpSDGSyvJ0y772LLfl5Ko40IFQVTHDkuoFOThIpHCmLWXdenrNMsxS8AdMo7Ho1MBcHU//cIIEZxGJJWZICNsyU+nmiEuKGZlWnUyQFOExGhJbYYwiIty8/NoUniongGHC1YklLN3fGzmKhJhEvpqMkByJv73CXNazMxmeuzmN00ySGM8uCjMGZQKLnGBAOcGSTRQgzKl6K8QjxBGWKs3q0hD+Qa9uWA2jedOotS/mcVTAMTgBZ8ACTdAGV6ADugCDB/AEXsCr9qg9a2/a+2x0RZvvHIEFaZ/f5j6duA==</latexit>
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P

{I, Z1Z2, Z2Z3, Z1Z3}

<latexit sha1_base64="NvKARmwOF8QylP4G8/PNxwngC4o="></latexit>

X

<latexit sha1_base64="y3q43VR/hGOCEfLMNHNdFRDHQjo="></latexit>

Y

<latexit sha1_base64="FdZRfCvBnW7ZQ6WvSVPM9fzk4m8=">AAACL3icbZDNSsNAFIUn9a9Gq60u3QSL4CokUqjLohuXFeyPNKFMJpN06GQmzEyUEvoabvUVfBpxI259CydpEau9cOHwnXuZOydIKZHKcd6Nysbm1vZOddfc268dHNYbR33JM4FwD3HKxTCAElPCcE8RRfEwFRgmAcWDYHpd+IMHLCTh7E7NUuwnMGYkIggqjTyPa7PYze/n43rTtZ2yrB/h2K1V0gTL6o4bRs0LOcoSzBSiUMqR66TKz6FQBFE8N71M4hSiKYzxSEsGEyz9vDx6bp1pEloRF7qZskr6eyOHiZSzJNCTCVQT+dcr4DpvlKno0s8JSzOFGVo8FGXUUtwqErBCIjBSdKYFRILoWy00gQIipXMyvRBHnoC5bhaXnygA1YCuAK4BZ7Eg8URBIfjj3Fwb4D/Rv7Ddlt2+bTU7V8soq+AEnIJz4II26IAb0AU9gEAKnsAzeDFejTfjw/hcjFaM5c4xWCnj6xuI86mr</latexit>

Z

<latexit sha1_base64="TFc/1YAc3xM+lTCyFcAiRxiNCuY=">AAACL3icbZDNSsNAFIUn9a9Gq60u3QSL4CokUqjLohuXFewPNqFMJpN06GQmzEyUEvoabvUVfBpxI259CydpEau9cOHwnXuZOydIKZHKcd6Nysbm1vZOddfc268dHNYbR33JM4FwD3HKxTCAElPCcE8RRfEwFRgmAcWDYHpd+IMHLCTh7E7NUuwnMGYkIggqjTyPa7PYze/n43rTtZ2yrB/h2K1V0gTL6o4bRs0LOcoSzBSiUMqR66TKz6FQBFE8N71M4hSiKYzxSEsGEyz9vDx6bp1pEloRF7qZskr6eyOHiZSzJNCTCVQT+dcr4DpvlKno0s8JSzOFGVo8FGXUUtwqErBCIjBSdKYFRILoWy00gQIipXMyvRBHnoC5bhaXnygA1YCuAK4BZ7Eg8URBIfjj3Fwb4D/Rv7Ddlt2+bTU7V8soq+AEnIJz4II26IAb0AU9gEAKnsAzeDFejTfjw/hcjFaM5c4xWCnj6xuKtKms</latexit>

X = {X1X2X3, · · · }

<latexit sha1_base64="S4gYrhSkP4oOxPyK+NLK66RCkXA="></latexit>

Z = {Z1, Z2, Z3, · · · }

<latexit sha1_base64="6BRuVdk0P6PKAPdy3cHKrImOk44="></latexit>

Y = {iY1X2X3, iX1Y2X3, · · · }

<latexit sha1_base64="fBeBYsPs7uY3YwQi3rtt1MIeMBw="></latexit>

In the simple repetition code, these are the logical 
operators. 
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The shortest code for 1 qubit?

2⇥ (3n+ 1)  2n

<latexit sha1_base64="j+WOCgml+FY1gDzFadxmFG/par4="></latexit>

nmin = 5

<latexit sha1_base64="XcItkj9ZwmCBJE1KKrzfZE66Fz0=">AAACLHicbZDLSsNAFIYn9Vaj1VaXboJFcBVSqdSNUHTjsoK9SFvKZDJJh84lzEyUEvIUbvUVfBo3Im59DqdpEas9cODn+8/hXPyYEqU9790qrK1vbG4Vt+2d3dLefrly0FEikQi3kaBC9nyoMCUctzXRFPdiiSHzKe76k+uZ333AUhHB7/Q0xkMGI05CgqA26J6PUkZ4dnk+KldrrpeH8yM8t75MqmARrVHFKg0CgRKGuUYUKtWvebEeplBqgijO7EGicAzRBEa4bySHDKthmm+cOSeGBE4opEmunZz+7kghU2rKfFPJoB6rv94MrvL6iQ4vhinhcaIxR/NBYUIdLZzZ+U5AJEaaTo2ASBKzq4PGUEKkzZPsQYDDgYSpSR7lR8wANYAuAWGA4JEk0VhDKcVjZq984D/ROXNrdbdxW682rxavLIIjcAxOQQ00QBPcgBZoAwQYeALP4MV6td6sD+tzXlqwFj2HYCmsr29GYKf3</latexit>

I,X1, Y1, Z1. · · · · · ·Xn, Yn, Zn

<latexit sha1_base64="DaaXCM85DrAFLKVdq4+3z38UyZw="></latexit>

1 + 3n

<latexit sha1_base64="jc7Ty9t3omMGPZclpeObfWJKwGI=">AAACJ3icbZDLSsNAFIYnXmu12urSTbAIghASLdRl0Y3LCvYCTSiTySQZOpkJMxOlhL6CW30Fn8ad6NI3cZIWsdoDB36+/xzOxU8pkcq2P4219Y3Nre3KTnV3r7Z/UG8c9iXPBMI9xCkXQx9KTAnDPUUUxcNUYJj4FA/8yU3hDx6wkISzezVNsZfAiJGQIKgK5JxfsnG96Vh2GeaPsK3WMmmCRXTHDaPmBhxlCWYKUSjlyLFT5eVQKIIonlXdTOIUogmM8EhLBhMsvbxcdmaeahKYIRc6mTJL+rsjh4mU08TXlQlUsfzrFXCVN8pUeOXlhKWZwgzNB4UZNRU3i8vNgAiMFJ1qAZEgelcTxVBApPR/qm6AQ1fAXCeLyiMKQDWgS4BrwFkkSBQrKAR/nFVXPvCf6F9YTstq37WanevFKyvgGJyAM+CANuiAW9AFPYBADJ7AM3gxXo034934mJeuGYueI7AUxtc3Ia6lRw==</latexit>

We need 1+3n orthogonal subspaces.

Dimension of the space of n-qubits.
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s1 = Z Z X X X

<latexit sha1_base64="kVUV3Qk1NIHHssW3ZtU0yn59GPU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4CokU6kYounFZwT6wDWEynbRDJ5MwM1FK7Ke4caGIW7/EnX/j9IFY7eFeOJxzL/dywpQzpV33y1pZXVvf2CxsFbd3dvf27dJBUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Grit+6pVCwRt3qUUj/GfcEiRrA2UmCXVOBd3HWRqfasArvsOe4U6Ie4TmVRKcMc9cD+7PYSksVUaMKxUh3PTbWfY6kZ4XRc7GaKppgMcZ92DBU4psrPp6+P0YlReihKpGmh0VT9vZHjWKlRHJrJGOuB+utNxGVeJ9PRuZ8zkWaaCjI7FGUc6QRNckA9JinRfGQIJpKZXxEZYImJNmkVl4bwjzTPHK/iVG8q5drlPI4CHMExnIIHVajBNdShAQQe4Ale4NV6tJ6tN+t9NrpizXcOYQHWxzeiv5JR</latexit>

s2 = X Z Z X X

<latexit sha1_base64="gJO50e7UR/s2tIPQXGP1WnQLz78=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5CWQr0IRS8eK9g22Iaw2W7apZsPdjdKif0pXjwo4tVf4s1/4zYtYrWPGXi8N8MMz084k8q2v4zC2vrG5lZxu7Szu7d/YJYPOzJOBaFtEvNYOD6WlLOIthVTnDqJoDj0Oe3646uZ372nQrI4ulWThLohHkYsYAQrLXlmWXq1C6eP7vLSxPHMStWyc6AfYlv1ZaUCC7Q887M/iEka0kgRjqXsVe1EuRkWihFOp6V+KmmCyRgPaU/TCIdUuln++hSdamWAgljojhTK1d8bGQ6lnIS+ngyxGsm/3kxc5fVSFZy7GYuSVNGIzA8FKUcqRrMc0IAJShSfaIKJYPpXREZYYKJ0WqWVIfwjnZpVrVuNm3qlebmIowjHcAJnUIUGNOEaWtAGAg/wBC/wajwaz8ab8T4fLRiLnSNYgvHxDaRFklI=</latexit>

s4 = X X X Z Z

<latexit sha1_base64="kpa0od9Q/Lx8PKcHepN4k5gf6ok=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4CokE6kYounFZwT5oE8JkOmmHTiZhZiKW0F9x40IRt/6IO//G9IFY7eFeOJxzL/dywpQzpW37y1hb39jc2i7tlHf39g8OzaNKSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6Gbqtx+oVCwR93qcUj/GA8EiRrAupMCsqMC96nhoXl0PoW5gVh3LngH9ENtyl5UqLNAIzE+vn5AspkITjpXqOXaq/RxLzQink7KXKZpiMsID2iuowDFVfj77fYLOCqWPokQWLTSaqb83chwrNY7DYjLGeqj+elNxldfLdHTp50ykmaaCzA9FGUc6QdMgUJ9JSjQfFwQTyYpfERliiYku4iqvDOEfaV1YjmvV7txq/XoRRwlO4BTOwYEa1OEWGtAEAo/wBC/wakyMZ+PNeJ+PrhmLnWNYgvHxDQG4kn4=</latexit>

s3 = X X Z Z X

<latexit sha1_base64="FFvAcoph0Tmw2+9Jm+hggHmaNdc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwFBIt1ItQ9OKxgm2DbQib7aZduvlgdyOW0L/ixYMiXv0j3vw3btMiVvuYgcd7M8zwgpQzqWz7y1hZXVvf2Cxtlbd3dvf2zYNKWyaZILRFEp4IN8CSchbTlmKKUzcVFEcBp51gdD31Ow9USJbEd2qcUi/Cg5iFjGClJd+sSP/80u0hXfdFIdc3q45lF0A/xLZqi0oV5mj65mevn5AsorEiHEvZdexUeTkWihFOJ+VeJmmKyQgPaFfTGEdUennx+wSdaKWPwkTojhUq1N8bOY6kHEeBnoywGsq/3lRc5nUzFV54OYvTTNGYzA6FGUcqQdMgUJ8JShQfa4KJYPpXRIZYYKJ0XOWlIfwj7TPLqVn121q1cTWPowRHcAyn4EAdGnADTWgBgUd4ghd4NSbGs/FmvM9GV4z5ziEswPj4BgAzkn0=</latexit>

5 Qubit Code

A possible set of stabilizers
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s1 = Z Z X X X

<latexit sha1_base64="kVUV3Qk1NIHHssW3ZtU0yn59GPU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4CokU6kYounFZwT6wDWEynbRDJ5MwM1FK7Ke4caGIW7/EnX/j9IFY7eFeOJxzL/dywpQzpV33y1pZXVvf2CxsFbd3dvf27dJBUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh8Grit+6pVCwRt3qUUj/GfcEiRrA2UmCXVOBd3HWRqfasArvsOe4U6Ie4TmVRKcMc9cD+7PYSksVUaMKxUh3PTbWfY6kZ4XRc7GaKppgMcZ92DBU4psrPp6+P0YlReihKpGmh0VT9vZHjWKlRHJrJGOuB+utNxGVeJ9PRuZ8zkWaaCjI7FGUc6QRNckA9JinRfGQIJpKZXxEZYImJNmkVl4bwjzTPHK/iVG8q5drlPI4CHMExnIIHVajBNdShAQQe4Ale4NV6tJ6tN+t9NrpizXcOYQHWxzeiv5JR</latexit>

s2 = X Z Z X X

<latexit sha1_base64="gJO50e7UR/s2tIPQXGP1WnQLz78=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5CWQr0IRS8eK9g22Iaw2W7apZsPdjdKif0pXjwo4tVf4s1/4zYtYrWPGXi8N8MMz084k8q2v4zC2vrG5lZxu7Szu7d/YJYPOzJOBaFtEvNYOD6WlLOIthVTnDqJoDj0Oe3646uZ372nQrI4ulWThLohHkYsYAQrLXlmWXq1C6eP7vLSxPHMStWyc6AfYlv1ZaUCC7Q887M/iEka0kgRjqXsVe1EuRkWihFOp6V+KmmCyRgPaU/TCIdUuln++hSdamWAgljojhTK1d8bGQ6lnIS+ngyxGsm/3kxc5fVSFZy7GYuSVNGIzA8FKUcqRrMc0IAJShSfaIKJYPpXREZYYKJ0WqWVIfwjnZpVrVuNm3qlebmIowjHcAJnUIUGNOEaWtAGAg/wBC/wajwaz8ab8T4fLRiLnSNYgvHxDaRFklI=</latexit>

s4 = X X X Z Z

<latexit sha1_base64="kpa0od9Q/Lx8PKcHepN4k5gf6ok=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4CokE6kYounFZwT5oE8JkOmmHTiZhZiKW0F9x40IRt/6IO//G9IFY7eFeOJxzL/dywpQzpW37y1hb39jc2i7tlHf39g8OzaNKSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6Gbqtx+oVCwR93qcUj/GA8EiRrAupMCsqMC96nhoXl0PoW5gVh3LngH9ENtyl5UqLNAIzE+vn5AspkITjpXqOXaq/RxLzQink7KXKZpiMsID2iuowDFVfj77fYLOCqWPokQWLTSaqb83chwrNY7DYjLGeqj+elNxldfLdHTp50ykmaaCzA9FGUc6QdMgUJ9JSjQfFwQTyYpfERliiYku4iqvDOEfaV1YjmvV7txq/XoRRwlO4BTOwYEa1OEWGtAEAo/wBC/wakyMZ+PNeJ+PrhmLnWNYgvHxDQG4kn4=</latexit>

s3 = X X Z Z X

<latexit sha1_base64="FFvAcoph0Tmw2+9Jm+hggHmaNdc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwFBIt1ItQ9OKxgm2DbQib7aZduvlgdyOW0L/ixYMiXv0j3vw3btMiVvuYgcd7M8zwgpQzqWz7y1hZXVvf2Cxtlbd3dvf2zYNKWyaZILRFEp4IN8CSchbTlmKKUzcVFEcBp51gdD31Ow9USJbEd2qcUi/Cg5iFjGClJd+sSP/80u0hXfdFIdc3q45lF0A/xLZqi0oV5mj65mevn5AsorEiHEvZdexUeTkWihFOJ+VeJmmKyQgPaFfTGEdUennx+wSdaKWPwkTojhUq1N8bOY6kHEeBnoywGsq/3lRc5nUzFV54OYvTTNGYzA6FGUcqQdMgUJ8JShQfa4KJYPpXRIZYYKJ0XOWlIfwj7TPLqVn121q1cTWPowRHcAyn4EAdGnADTWgBgUd4ghd4NSbGs/FmvM9GV4z5ziEswPj4BgAzkn0=</latexit>

5 Qubit Code

But not all syndromes are not different!



20

The 5 Qubit Code

Now all the syndromes are different

s1 = Z I Z X X

<latexit sha1_base64="h2/y//OH7DIegquUG+Q8TLfQiF4="></latexit>

s2 = I Z X X Z

<latexit sha1_base64="uRrYvtubRizLogp7lsYYv0YbYl0="></latexit>

s3 = Z X X Z I

<latexit sha1_base64="njW4CV/9Tke09uYejo7aC1lEu5g="></latexit>

s4 = X X Z I Z

<latexit sha1_base64="3zghTEaosD599mu1JYbojkhfw4M="></latexit>
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CSS Codes
Why we don’t use the ideas of classical linear codes 

to invent quantum codes?

How?
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How?

w =
X

i

↵igi

<latexit sha1_base64="F/ZZASB5S0XSEjP4K4sPQGZQG/Q="></latexit>

↵i = 0 , 1

<latexit sha1_base64="ElbgA7AvzuY6Tz1RWAwzmDySE7s="></latexit>

gi = (0 1 0 1 1 0 1)

<latexit sha1_base64="O3Nv5s60LQylXagMmvSW2PUr9FE="></latexit>

|gii = |0 1 0 1 1 0 1i

<latexit sha1_base64="dq4wMWUQi74HRsDFs5DdELZhngM="></latexit>

|wi =
X

i

↵i|gii

<latexit sha1_base64="z704GTbcD58MnP22hSC2lbOjkbg="></latexit>

↵i 2 Complex numbers

<latexit sha1_base64="MArpbMCzRQjyTKtcacejgCkvRHI="></latexit>

Classical coding.

Quantum coding.

This code corrects the same set of bit-flip errors.



[e1]

<latexit sha1_base64="bqAm958xNpeasCmYi4dTHrFSqqU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgKSRSqMeiF48VTFtIQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//G7QditQ8GHu/NMDMvyjhT2nW/rNLG5tb2Tnm3srd/cHhUPT5pqzSXFH2a8lR2I6KQM4G+ZppjN5NIkohjJxrfzvzOI0rFUvGgJxmGCRkKFjNKtJH8APte2K/WPMedw/4hrlNfVWqwRKtf/ewNUponKDTlRKnAczMdFkRqRjlOK71cYUbomAwxMFSQBFVYzI+d2hdGGdhxKk0Jbc/V3xMFSZSaJJHpTIgeqb/eTFznBbmOr8OCiSzXKOhiUZxzW6f27HN7wCRSzSeGECqZudWmIyIJ1SafytoQ/pH2lePVncZ9vda8WcZRhjM4h0vwoAFNuIMW+ECBwRO8wKslrGfrzXpftJas5cwprMD6+AZdw45p</latexit>

[e2]

<latexit sha1_base64="3tMoc8GRgxAgblkfLTnrxzubMiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgKSSlUI9FLx4rmLaQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2w/Ejz4YeLw3w8y8KONMadf9tEobm1vbO+Xdyt7+weFR9fiko9JcUvRpylPZi4hCzgT6mmmOvUwiSSKO3WhyM/e7DygVS8W9nmYYJmQkWMwo0UbyAxzUw0G15jnuAvY3cZ3Gb6UGK7QH1Y/+MKV5gkJTTpQKPDfTYUGkZpTjrNLPFWaETsgIA0MFSVCFxeLYmX1hlKEdp9KU0PZC/TlRkESpaRKZzoTosfrrzcV1XpDr+CosmMhyjYIuF8U5t3Vqzz+3h0wi1XxqCKGSmVttOiaSUG3yqawN4R/p1B2v4TTvGrXW9SqOMpzBOVyCB01owS20wQcKDB7hGV4sYT1Zr9bbsrVkrWZO4Res9y9fSI5q</latexit>

[0]

<latexit sha1_base64="TEtrSijhRoEeV6R21Df3Nr9N1gs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LRsJxGPQi8eI5gGbJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo5bOskUwyZLRKI6IdUouMSm4UZgJ1VI41BgOxzdTP32IyrNE/lgxikGMR1IHnFGjZXufS/olcoV15uB/BDPrS4rZVig0St9dvsJy2KUhgmqtV/xUhPkVBnOBE6K3UxjStmIDtC3VNIYdZDPTp2Qc6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUP915uKqzw/M9FVkHOZZgYlmy+KMkFMQqZ/kz5XyIwYW0KZ4vZWwoZUUWZsOsWVIfwjrUu3UnVrd9Vy/XoRRwFO4QwuoAI1qMMtNKAJDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A+abjZA=</latexit>

The most probable error

|wi

<latexit sha1_base64="ukc8bHQhTmkujYc81ldcK/IdR84=">AAACLHicbZDNSsNAFIUn9a9Wq60u3QSL4KqkUqjLohuXFeyPtKFMJjfp0MlMmJlYSuxTuNVX8GnciLj1OZy2Qaz2wMDhu/dy7xwvZlRpx3m3chubW9s7+d3C3n7x4LBUPuookUgCbSKYkD0PK2CUQ1tTzaAXS8CRx6Drja/n9e4DSEUFv9PTGNwIh5wGlGBt0P3jZCAxDxkMS5Va1VnI/jFOtb5KKihTa1i2igNfkCQCrgnDSvVrTqzdFEtNCYNZYZAoiDEZ4xD6xnIcgXLTxcUz+8wQ3w6ENI9re0F/T6Q4UmoaeaYzwnqk/tbmcF2tn+jg0k0pjxMNnCwXBQmztbDn37d9KoFoNjUGE0nNrTYZYYmJNiEVBj4EJpA0C2W2BMwAtgKEAYKHkoYjjaUUk1lhbYD/TOeiWqtXG7f1SvMqizKPTtApOkc11EBNdINaqI0IitATekYv1qv1Zn1Yn8vWnJXNHKMVWV/fzXqoRA==</latexit>

|w + e1i

<latexit sha1_base64="ZVH68pgnA7X7a3uVdX1X1kwqnvQ=">AAACMHicbZDNSsNAFIUn/tZqtdWlm2ARBKEkUqjLohuXFewPtKFMpjfp0MlMnJlYSuxzuNVX8Gl0JW59CqdtEKs9MHD4zr3M5fgxo0o7zru1tr6xubWd28nv7hX2D4qlw5YSiSTQJIIJ2fGxAkY5NDXVDDqxBBz5DNr+6HqWtx9AKir4nZ7E4EU45DSgBGuDvMfxOfTdnsQ8ZNAvlt2KM5f9Y5xKdZmUUaZGv2QVegNBkgi4Jgwr1XWdWHsplpoSBtN8L1EQYzLCIXSN5TgC5aXzq6f2qSEDOxDSPK7tOf29keJIqUnkm8kI66H6m83gqqyb6ODSSymPEw2cLD4KEmZrYc8qsAdUAtFsYgwmkppbbTLEEhNtisr3BhCYQtKslOkCMAPYEhAGCB5KGg41llKMp/mVBf4zrYuKW63Ubqvl+lVWZQ4doxN0hlxUQ3V0gxqoiQi6R0/oGb1Yr9ab9WF9LkbXrGznCC3J+voGZ8mpjA==</latexit>

|w + e2i

<latexit sha1_base64="GYmHR8zfSeWWcrbvjFke+TJsxDI=">AAACMHicbZDfSgJBFMZn7Z9ZltZlN0sSBIGsItil1E2XBvkHdJHZ8ew6ODuzzcwmsvkc3dYr9DR1Fd32FI26RJYfDHz8vnOYw+dFjCrtOO9WZmNza3snu5vb288fHBaKR20lYkmgRQQTsuthBYxyaGmqGXQjCTj0GHS88fU87zyAVFTwOz2NwA1xwKlPCdYGuY+TCxhU+xLzgMGgUKqUnYXsH+OUa6ukhFI1B0Ur3x8KEofANWFYqV7FibSbYKkpYTDL9WMFESZjHEDPWI5DUG6yuHpmnxkytH0hzePaXtDfGwkOlZqGnpkMsR6pv9kcrst6sfYv3YTyKNbAyfIjP2a2Fva8AntIJRDNpsZgIqm51SYjLDHRpqhcfwi+KSRJS5ktATOArQBhgOCBpMFIYynFZJZbW+A/066WK7Vy/bZWalylVWbRCTpF56iC6qiBblATtRBB9+gJPaMX69V6sz6sz+Voxkp3jtGKrK9vaZCpjQ==</latexit>



Classical Error : w �! w + e

<latexit sha1_base64="NYWey51yXRLVAsU/4BZ5rdXhJk0="></latexit>

e = (1 1 0 0 0)

<latexit sha1_base64="ay3L8XsPBpQ1DWfm/MfVPeePQvU="></latexit>

Quantum (bit Flip) error) : |wi �! |w + ei

<latexit sha1_base64="K4m2eC02+o94ZegXdvt8cWzfMUE="></latexit>

Xe = X X I I I

<latexit sha1_base64="6hJj4Q/1+LefjeQXZxQklAqK2uQ="></latexit>



We can use this technique for bit flip errors.

But how should we combat phase flip errors?

1-We first find the stabilizers of this code.  

2-Then we enlarge the set of stabilizers to  
correct also phase flip errors and finally  

3- We determine the states which are  
stabilized by these stabilizers. 



What are the stabilizers of this code?

GH
T = 0

<latexit sha1_base64="B2xrtlnfWg8pfQd2O/bwGh991Dc=">AAACKXicbZDLSsNAFIYn9Vaj1VaXboJFcBUSKdSNUHRhlxV6gzaWyXSSjk5mwsxEKaHv4FZfwadxp259ESdpEas9cODn+8/hXPyYEqkc58MorK1vbG4Vt82d3dLefrly0JU8EQh3EKdc9H0oMSUMdxRRFPdjgWHkU9zz768yv/eAhSSctdU0xl4EQ0YCgqDSqHvdvG1fOKNy1bWdPKwf4di1ZVIFi2iNKkZpOOYoiTBTiEIpB64TKy+FQhFE8cwcJhLHEN3DEA+0ZDDC0kvzdWfWiSZjK+BCJ1NWTn93pDCSchr5ujKCaiL/ehlc5Q0SFZx7KWFxojBD80FBQi3Frex2a0wERopOtYBIEL2rhSZQQKT0h8zhGAdDAVOdLMyPyADVgC4BrgFnoSDhREEh+OPMXPnAf6J7Zrs1u35TqzYuF68sgiNwDE6BC+qgAZqgBToAgTvwBJ7Bi/FqvBnvxue8tGAseg7BUhhf36Uxpgw=</latexit>

gi1hj1 + · · · ginhjn = 0

<latexit sha1_base64="z2WCN4824xFJELsdRZaTCzW8B3w="></latexit>

(�1)gi1hj1+···ginhjn = 1

<latexit sha1_base64="XyC96q9NZeW7QOZeUlQq0aJ66Jw="></latexit>

(�1)gi1hj1+···ginhjn |gii = |gii

<latexit sha1_base64="IV2GHKBCuVFl8yXtvcJTDvwWHFk="></latexit>

|gii = |gi1, gi2, · · · gini

<latexit sha1_base64="NJ/XO4RDlmDzNYGvDQmj/y0kI+c="></latexit>

We know that:

This means:

Or:

Or:

Where:



Za|si = (�1)as|si

<latexit sha1_base64="ryXMX+tl9iv0RtrCG+6og4nkcMM="></latexit>

(�1)gi1hj1+···ginhjn |gii = |gii

<latexit sha1_base64="IV2GHKBCuVFl8yXtvcJTDvwWHFk="></latexit>

|gii = |gi1, gi2, · · · gini

<latexit sha1_base64="NJ/XO4RDlmDzNYGvDQmj/y0kI+c="></latexit>

Zhi1Zhi2 · · ·Zhin |gii = |gii

<latexit sha1_base64="l7kWYL7NPVWS9NRltGSwusTpmOE="></latexit>

Si = Zhi1Zhi2 · · ·Zhin

<latexit sha1_base64="Kt/EONxuPtbApLW2M1cxr5XQuGg="></latexit>

From:

Therefore we have found  
one set of stabilizers:



S0
j = Xh0

j1Xh0
j2 · · ·Xh0

jn

<latexit sha1_base64="PAUVol2auwlHUZadTJRLTRr0PTY="></latexit>

SiS
0
j = S0

jSi

<latexit sha1_base64="gXvB8OIl3Y6eqkrUIpHtweRpeic="></latexit>

XaZb = (�1)abZbXa

<latexit sha1_base64="VKCUQMJqaiHigbxNJlV4LMfQBW0="></latexit>

SiS
0
j = (�1)hi1h

0
j1+hi2h

0
j2+···hinh

0
jnS0

jSi

<latexit sha1_base64="l+KTroDmYtFzdfwZqFd8agMghHE="></latexit>

HH
0T = 0

<latexit sha1_base64="1IrdsISifzoshjf8GL/kEjuMkTw=">AAACKnicbZDLSsNAFIYn9Vaj1VaXbgaL6CokUqgboeimywq9QVvLZDJJh05mwsxEKaEP4VZfwadxV9z6IE4viNUeOPDz/edwLn7CqNKuO7NyW9s7u3v5ffvgsHB0XCydtJVIJSYtLJiQXR8pwignLU01I91EEhT7jHT88f3c7zwRqajgTT1JyCBGEachxUgb1KnXLx+bt+6wWPYcdxHwR7hOZZ2UwSoaw5JV6AcCpzHhGjOkVM9zEz3IkNQUMzK1+6kiCcJjFJGekRzFRA2yxb5TeGFIAEMhTXINF/R3R4ZipSaxbypjpEfqrzeHm7xeqsObQUZ5kmrC8XJQmDKoBZwfDwMqCdZsYgTCkppdIR4hibA2L7L7AQn7EmUmebQ4Yg6YAWwNCAMEjySNRhpJKZ6n9sYH/hPta8erONWHSrl2t3plHpyBc3AFPFAFNVAHDdACGIzBC3gFb9a79WHNrM9lac5a9ZyCtbC+vgERm6Y+</latexit>

Now let us imagine a new set of stabilizers:

Since:

Therefore:

Provided that:



H
0
H

T = 0

<latexit sha1_base64="w+vwyWyBwCxYHQyRD0j+NowO8as=">AAACKnicbZDLSsNAFIYn9Vaj1VaXbgaL6CokUqgboeimywq9QVvLZDJJh05mwsxEKaEP4VZfwadxV9z6IE4viNUeOPDz/edwLn7CqNKuO7NyW9s7u3v5ffvgsHB0XCydtJVIJSYtLJiQXR8pwignLU01I91EEhT7jHT88f3c7zwRqajgTT1JyCBGEachxUgb1Klf1h+bt+6wWPYcdxHwR7hOZZ2UwSoaw5JV6AcCpzHhGjOkVM9zEz3IkNQUMzK1+6kiCcJjFJGekRzFRA2yxb5TeGFIAEMhTXINF/R3R4ZipSaxbypjpEfqrzeHm7xeqsObQUZ5kmrC8XJQmDKoBZwfDwMqCdZsYgTCkppdIR4hibA2L7L7AQn7EmUmebQ4Yg6YAWwNCAMEjySNRhpJKZ6n9sYH/hPta8erONWHSrl2t3plHpyBc3AFPFAFNVAHDdACGIzBC3gFb9a79WHNrM9lac5a9ZyCtbC+vgEReqY+</latexit>

w 2 C 0?

<latexit sha1_base64="8nVair1mkF0h9U/sT/gxTs1CZGs=">AAACMHicbZDNSgMxFIUz/tb61+rSTbCIrsqMFOqy2I1LBauFziiZ9M40mEnGJGMpQ5/Drb6CT6MrcetTmKlFrPbAhcN37yU3J0w508Z135yFxaXlldXSWnl9Y3Nru1LdudIyUxQ6VHKpuiHRwJmAjmGGQzdVQJKQw3V41y761w+gNJPi0oxSCBISCxYxSoxFwdBnArcPb/wUVHpbqXl1dyL8Y9x6Y5bU0FTnt1Vn0+9LmiUgDOVE657npibIiTKMchiX/UxDSugdiaFnrSAJ6CCfXD3GB5b0cSSVLWHwhP7eyEmi9SgJ7WRCzED/7RVwXq+XmegkyJlIMwOCfj8UZRwbiYsIcJ8poIaPrCFUMXsrpgOiCDU2qLLfh8hXJLcl4sknCsAt4DNAWiBFrFg8MEQpORyX5wb4z1wd171GvXnRqLVOp1GW0B7aR0fIQ03UQmfoHHUQRffoET2hZ+fFeXXenY/v0QVnurOLZuR8fgHwqqlJ</latexit>

w = ↵H
0

<latexit sha1_base64="bbtTLZaMOpDsemuXuIRMF5yUAqQ=">AAACLnicbZDLSgMxFIYzXmu12urSTbCIrspUCnUjFN10WcFeoFPKmTQzDc0kQ5KxlKGP4VZfwacRXIhbH8P0gljtDwd+vnMOOfn9mDNtXPfd2djc2t7Zzexl9w9yh0f5wnFLy0QR2iSSS9XxQVPOBG0aZjjtxIpC5HPa9kd3s377kSrNpHgwk5j2IggFCxgBY1F3fOMBj4eA6xf9fLFccufCP8YtVVZJES3V6BecnDeQJImoMISD1t2yG5teCsowwuk06yWaxkBGENKutQIiqnvp/OYpPrdkgAOpbAmD5/T3RgqR1pPIt5MRmKH+25vBdb1uYoLrXspEnBgqyOKhIOHYSDwLAA+YosTwiTVAFLO3YjIEBcTYmLLegAaegtSWCOefmAFuAV8B0gIpQsXCoQGl5HiaXRvgP9O6KpUrpep9pVi7XUaZQafoDF2iMqqiGqqjBmoigiR6Qs/oxXl13pwP53MxuuEsd07Qipyvb99mqDU=</latexit>

wH
T = 0

<latexit sha1_base64="04+lDL5d4q5pC8D/T7yV7Lto7Q8=">AAACKXicbZDLSsNAFIYn9Vaj1VaXbgaL4KokUqgboeimywq9QRvLZDpJRyczYWZiKaHv4FZfwadxp259ESdtEas9cODn+8/hXPyYUaUd58PKbWxube/kd+29/cLBYbF01FEikZi0sWBC9nykCKOctDXVjPRiSVDkM9L1H24yv/tIpKKCt/Q0Jl6EQk4DipE2qDNp3LWunGGx7FacecAf4VSqq6QMltEclqzCYCRwEhGuMUNK9V0n1l6KpKaYkZk9SBSJEX5AIekbyVFElJfO153BM0NGMBDSJNdwTn93pChSahr5pjJCeqz+ehlc5/UTHVx6KeVxognHi0FBwqAWMLsdjqgkWLOpEQhLanaFeIwkwtp8yB6MSDCQKDXJw/kRGWAGsBUgDBA8lDQcaySlmMzstQ/8JzoXFbdaqd1Wy/Xr5Svz4AScgnPgghqogwZogjbA4B48gWfwYr1ab9a79bkozVnLnmOwEtbXN/ohpjw=</latexit>

C 0? ⇢ C

<latexit sha1_base64="lkWasKo1T3XNbnRYM/bBIRFYlfI="></latexit>

Therefore if:

The meaning of:



C

<latexit sha1_base64="n7BFOoNdXvaTG3tKx8QjP+6VxTw=">AAACJHicdZDNSsNAEMc39atG6+fRy2IRPJVEqtVb0YtHC1YLbZHNdpIu3eyG3Y1SQp/Aq76CT+NNPHjxWdy0EarowMCf38wwM/8g4Uwbz/twSguLS8sr5VV3bb2ysbm1vXOjZaootKnkUnUCooEzAW3DDIdOooDEAYfbYHSR12/vQWkmxbUZJ9CPSSRYyCgxFrUu7raqXs2bBp4Tx55/duJjvyBVVMTV3bZT6Q0kTWMQhnKiddf3EtPPiDKMcpi4vVRDQuiIRNC1UpAYdD+bXjrBB5YMcCiVTWHwlM5PZCTWehwHtjMmZqh/13L4V62bmvC0nzGRpAYEnS0KU46NxPnbeMAUUMPHVhCqmL0V0yFRhBprjtsbQNhTJLMpoukTOeAW8B9AWiBFpFg0NEQp+TBxrYHfLuH/xc1Rza/XGq16tXleWFlGe2gfHSIfNVATXaIr1EYUAXpET+jZeXFenTfnfdZacoqZXfQjnM8vhbWkfw==</latexit>

C 0?

<latexit sha1_base64="PwHHEQAMTE03ha99HNsRC2VYVxc=">AAACK3icbZDNTsJAEMe3+IUoCnr00kiMnkhrSPBI5OIRE/lIKJLtMi0btrvN7lZDGl7Cq76CT+NJ49X3cAscBJxkkn9+M5OZ+fsxo0o7zqeV29re2d3L7xcODotHx6XySUeJRBJoE8GE7PlYAaMc2ppqBr1YAo58Bl1/0szq3SeQigr+oKcxDCIcchpQgrVBvebloxeDjIelilN15mFvCncpKmgZrWHZKnojQZIIuCYMK9V3nVgPUiw1JQxmBS9REGMywSH0jeQ4AjVI5wfP7AtDRnYgpEmu7Tn9O5HiSKlp5JvOCOuxWq9l8L9aP9HBzSClPE40cLJYFCTM1sLOvrdHVALRbGoEJpKaW20yxhITbTwqeCMIPIlTkzycP5EBZgBbAcIAwUNJw7HGUornWcEY6K7btSk611W3Vq3f1yqN26WVeXSGztEVclEdNdAdaqE2IoihF/SK3qx368P6sr4XrTlrOXOKVsL6+QX4ZadH</latexit>

Xa|si = |s+ ai

<latexit sha1_base64="zUb73RlhrPYVBJ6rhWeMQu+vAgM="></latexit>

S0
j |gki = |gk + e0ji

<latexit sha1_base64="51GGxXWEy4eV5hoaF2UvHedlb0Y="></latexit>

|[gk]i :=
X

v2C0?

|gk + vi

<latexit sha1_base64="oRchElusU5jrMRFASj90xiDtQnI="></latexit>

S0
j |[gk]i = |[gk]i

<latexit sha1_base64="Sb140mvWecDVVTn6mpzFnrWEzoA="></latexit>

S0
j |wi = |wi

<latexit sha1_base64="JSOAeo979iB0YGO3JqEgEMiS2Y0="></latexit>

|wi =
X

k

↵k|[gk]i

<latexit sha1_base64="ZNPpGzjwjFU56QvRpKGRfYduBeo="></latexit>

The final form of code states:



Error Correction and Quantum State 
Sharing

A

B C

We want to share a quantum state to A, B and C such that no one can find it,  
but any two of them can retrieve it if they collaborate. 



a|000i+ b|111i

<latexit sha1_base64="NRo0pIC4J9Wgx437O5lGdHUxWew="></latexit>

| i =

<latexit sha1_base64="0gIKJb5/lE5BXJ8O/W/8x4Lwa4c=">AAACLHicbZDNSsNAEMc39atGq60evQSL4KkkUqgXoejFYwX7IU0om80mXbrZDbsbpcQ+hVd9BZ/Gi4hXn8NNWsRqBwb+/GaGmfn7CSVS2fa7UVpb39jcKm+bO7uVvf1q7aAneSoQ7iJOuRj4UGJKGO4qoigeJALD2Ke470+u8nr/HgtJOLtV0wR7MYwYCQmCSqO7RzeRxBXwYlStOw27COtH2I3mMqmDRXRGNaPiBhylMWYKUSjl0LET5WVQKIIonpluKnEC0QRGeKglgzGWXlZcPLNONAmskAudTFkF/T2RwVjKaezrzhiqsfxby+Gq2jBV4bmXEZakCjM0XxSm1FLcyt+3AiIwUnSqBUSC6FstNIYCIqVNMt0Ah9qNTCeLiidyQDWgS4BrwFkkSDRWUAj+MDNXGvhP9M4aTrPRumnW25cLK8vgCByDU+CAFmiDa9ABXYBADJ7AM3gxXo0348P4nLeWjMXMIVgK4+sbay+oDA==</latexit>

⇢ = a2|00ih00|+ b2|11ih11|

<latexit sha1_base64="lBAfY7IpPJiUXwk/XpgBIOf2KvA="></latexit>

Quantum Erasure



|0i �! |000i+ |111i+ |222i

<latexit sha1_base64="Wp1A0i0KkAmjw/nBHqpCe2pP11Q="></latexit>

|1i �! |012i+ |120i+ |201i

<latexit sha1_base64="Jugss3pET8KL51e3XGQPjVxWNRY="></latexit>

|2i �! |021i+ |102i+ |210i

<latexit sha1_base64="IfJr5PZ8wyGtlfsR5eI+zgcGiPM="></latexit>

= |0i

<latexit sha1_base64="//7xEJw6S7gFLn/q8baHE+vGqpg=">AAAB/nicdVBNS8MwGE7n15xfVfHkJTgETyUbhbmDMPTicYL7gLWMNEu3sDQtSSqMOvCvePGgiFd/hzf/jek2hoo+EHh5PnjfPEHCmdIIfVqFldW19Y3iZmlre2d3z94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGF/leueOSsVicasnCfUjPBQsZARrQ/Xto4t7LzaGPJ+hqSexGHLat8vIcZGBCysOmgEip16vV1F1yZTBAs2+/eENYpJGVGjCsVK9Ckq0n2GpGeF0WvJSRRNMxnhIe2YUOKLKz2bnT+GpYQYwjKV5QsMZ+z2R4UipSRQYZ4T1SP3WcvIvrZfq8NzPmEhSTQWZLwpTDnUM8y7ggElKNJ+YARPJzK2QjLDERJvGSqaE5d//H9pVp+I6tRu33Lhc1FEEx+AEnIEKqIEGuAZN0AIEZOARPIMX68F6sl6tt7m1YC0yh+AHrPcv8GaWJQ==</latexit>

= |1i

<latexit sha1_base64="1fC7hsnH2h0Wv6ur5qHX19OcsO8=">AAAB/nicdVBNS8MwGE7n15xfVfHkJTgET6UdhbmDMPTicYL7gLWMNMu2sDQpSSqMOvCvePGgiFd/hzf/jek2hoo+EHh5PnjfPFHCqNKu+2kVVlbX1jeKm6Wt7Z3dPXv/oKVEKjFpYsGE7ERIEUY5aWqqGekkkqA4YqQdja9yvX1HpKKC3+pJQsIYDTkdUIy0oXr20cV9IIwhz2feNJCIDxnp2WXX8V0DH3qOOwN0nVqtVnErS6YMFmj07I+gL3AaE64xQ0p1PTfRYYakppiRaSlIFUkQHqMh6ZqRo5ioMJudP4WnhunDgZDmcQ1n7PdEhmKlJnFknDHSI/Vby8m/tG6qB+dhRnmSasLxfNEgZVALmHcB+1QSrNnEDAhLam6FeIQkwto0VjIlLP/+/9CqOJ7vVG/8cv1yUUcRHIMTcAY8UAV1cA0aoAkwyMAjeAYv1oP1ZL1ab3NrwVpkDsEPWO9f8fKWJg==</latexit>

= |2i

<latexit sha1_base64="joy+CSIl98nuGXigbaqyHhEeS9k=">AAAB/nicdVBNS8MwGE7n15xfVfHkJTgET6UthbmDMPTicYL7gLWMNEu3sDQtSSqMOvCvePGgiFd/hzf/jek2hoo+EHh5PnjfPGHKqFS2/WmUVlbX1jfKm5Wt7Z3dPXP/oC2TTGDSwglLRDdEkjDKSUtRxUg3FQTFISOdcHxV6J07IiRN+K2apCSI0ZDTiGKkNNU3jy7u/UQbinzuTn2B+JCRvlm1Lc/W8KBj2TNA26rX667tLpkqWKDZNz/8QYKzmHCFGZKy59ipCnIkFMWMTCt+JkmK8BgNSU+PHMVEBvns/Ck81cwARonQjys4Y78nchRLOYlD7YyRGsnfWkH+pfUyFZ0HOeVppgjH80VRxqBKYNEFHFBBsGITPSAsqL4V4hESCCvdWEWXsPz7/0PbtRzPqt141cbloo4yOAYn4Aw4oAYa4Bo0QQtgkINH8AxejAfjyXg13ubWkrHIHIIfMN6/APN+lic=</latexit>

a|0i+ b|1i+ c|2i �! a|0i+ b|1i+ c|2i

<latexit sha1_base64="uYjcKXwOpt26+qo9wsfg3hUjJso="></latexit>



C12C21(a|0i+ b|1i+ c|2i) �! (a|0i+ b|1i+ c|2i)|�i

<latexit sha1_base64="A8oZ/o1fRNpJaixNIjfS0smYVso="></latexit>

A

B C

C12C21

<latexit sha1_base64="ioCj8yrgInDK4dvIoc9pZtGGu+M=">AAACL3icbZDNSsNAEMc3ftZotdWjl2ARPJWkFOqx2IvHCvYDmlA2m026dLMbdjdKCXkNr/oKPo14Ea++hZu0iNUOzPLnNzPM7N9PKJHKtt+Nre2d3b39yoF5eFQ9PqnVT4eSpwLhAeKUi7EPJaaE4YEiiuJxIjCMfYpH/rxX1EcPWEjC2b1aJNiLYcRISBBUGrm9aea0cv22nHxaazhNuwzrR9jN9jppgFX0p3Wj6gYcpTFmClEo5cSxE+VlUCiCKM5NN5U4gWgOIzzRksEYSy8rj86tS00CK+RCJ1NWSX9PZDCWchH7ujOGaib/1gq4qTZJVXjtZYQlqcIMLReFKbUUtwoHrIAIjBRdaAGRIPpWC82ggEhpn0w3wKErYKaTReUnCkA1oGuAa8BZJEg0U1AI/pibGw38J4atptNudu7aje7NysoKOAcX4Ao4oAO64Bb0wQAgkIAn8AxejFfjzfgwPpetW8Zq5gyshfH1DZqjqJQ=</latexit>
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C12C21|0i �! |0i|�i

<latexit sha1_base64="c31GirsHdm/JWohxKjkLTPr7M9I="></latexit>

C12C21|1i �! |1i|�i

<latexit sha1_base64="v9lVKn8urWpGigxFTQBfko9L2Sw="></latexit>

C12C21|2i �! |2i|�i

<latexit sha1_base64="aBH+4lfZv3F5zp+lZTO7j/vW2Zg="></latexit>

|�i = |00i+ |11i+ |22i

<latexit sha1_base64="J+THg5fTbkrCoidWs2UqdxUCQd0=">AAACF3icbZBNS8MwHMbT+TbnW9Wjl+AQhEFpx2BehKEXjxPcC6xlpFm6haVpSVJhtPsWXvwqXjwo4lVvfhuzrYjTPRD48Tz/P0keP2ZUKtv+Mgpr6xubW8Xt0s7u3v6BeXjUllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/vp7lnXsiJI34nZrExAvRkNOAYqS01TetzI1H1BWIDxm5zGw7x0rmODnCSlat5tw3y45lzwV/wLZqy04Z5Gr2zU93EOEkJFxhhqTsOXasvBQJRTEj05KbSBIjPEZD0tPIUUikl87/NYVn2hnAIBL6cAXn7u+NFIVSTkJfT4ZIjeTfbGauynqJCi68lPI4UYTjxUVBwqCK4KwkOKCCYMUmGhAWVL8V4hESCCtdZWllCf+gXbWcmlW/rZUbV3kdRXACTsE5cEAdNMANaIIWwOABPIEX8Go8Gs/Gm/G+GC0Y+c4xWJLx8Q0ZQJ9B</latexit>

a|0i+ b|1i+ c|2i �! (a|0i+ b|1i+ c|2i)|�i

<latexit sha1_base64="wYwouQQnHjy2nsQ2KczR6u1Al30="></latexit>



AME (Absolutely Maximally Entangled) State

| i = 1p
2
(|00i+ |11i)

<latexit sha1_base64="AIENNMMp5vOsGoCnD/x2JT2vVB8="></latexit>

⇢1 = ⇢2 =
I

2

<latexit sha1_base64="Gf8FLsEKW8EVlIHOYOw0Q9vL61Q="></latexit>



| i = 1p
2
(|0000i+ |1111i)

<latexit sha1_base64="hJBSWB52NV8mKI4aOTpOIJhkXNA="></latexit>

⇢12 = ⇢23 = ⇢34 =
1

2
(|00ih00|+ |11ih11|)

<latexit sha1_base64="8vcwu/I5cALeVzd1ngCguENGKcc="></latexit>
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| i = |00i|00i+ |01i|11i+ |02i|22i+

<latexit sha1_base64="B6mUZBT5Vxox1PC1Nn95IRVetOA=">AAACNnicbZBNS8MwGMdTX+d8q3r0UhyCMBjpGMyLMPTiRZjgXmAtI83SLSxNS5IKo9un8uLn8LaLB0W8+hHMts453QOBH7/neUjy9yJGpYJwbKytb2xubWd2srt7+weH5tFxXYaxwKSGQxaKpockYZSTmqKKkWYkCAo8Rhpe/2bSbzwSIWnIH9QgIm6Aupz6FCOlVdu8GzqRpI5AvMvI1RDCFBeUH0J7Lm17IYtzWZxTPts2c3YBTsv6AVgoLZscSKvaNl+cTojjgHCFGZKyZcNIuQkSimJGRlknliRCuI+6pKWRo4BIN5l+e2Sda9Ox/FDow5U1tb83EhRIOQg8PRkg1ZN/exO5qteKlX/pJpRHsSIczy7yY2ap0JpkaHWoIFixgQaEBdVvtXAPCYSVTnp1CP+gXizYpUL5vpSrXKdxZMApOAMXwAZlUAG3oApqAIMnMAZv4N14Nl6ND+NzNrpmpDsnYKmMr29kNqut</latexit>

|10i|12i+ |11i|20i+ |12i|01i+

<latexit sha1_base64="deSRPtSGydKFFaSVoeB5jXOSn4I=">AAACKXicbZBNS8MwHMbT+TbnW9Wjl+IQhEFpxmAeh148TnAvsJWRZukWlqYlSYXR7ut48at4UVDUq1/EbOvU6R4IPPye/58kjxcxKpXjvBu5tfWNza38dmFnd2//wDw8asowFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLG11N89YdEZKG/FaNI+IGaMCpTzFSGvXMWgqdrkB8wEgKy5krpRAuYNn5gYs8dRZxqdAzi9B2ZrK+jWNXlkkRZKr3zOduP8RxQLjCDEnZgU6k3AQJRTEjk0I3liRCeIQGpKMtRwGRbjL76cQ606Rv+aHQhytrRn9vJCiQchx4ejJAaij/ZlO4KuvEyr9wE8qjWBGO5xf5MbNUaE1rs/pUEKzYWBuEBdVvtfAQCYSVLnd1Cf9Ms2zDil29qRRrl1kdeXACTsE5gKAKauAa1EEDYHAPHsELeDUejCfjzfiYj+aMbOcYLMn4/AIs36X4</latexit>

|20i|21i+ |21i|02i+ |22i|10i

<latexit sha1_base64="4oncqSI6UP3u3IIXzmQtXgl6VLI=">AAACKHicbZBNS8MwHMZTX+d8q3r0EhyCIJR2DObNoRePE9wLbGWkWbqFpWlJUmG0+zhe/CpeRBTZ1U9itnXO6R4I/Hie/58kjxcxKpVtj4219Y3Nre3cTn53b//g0Dw6rsswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jDG9xO8sYjEZKG/EENI+IGqMepTzFS2uqY12nRbgvEe4ykRSejywWmdnFhzjF15jv5jllwLHsq+AO2VVp2CiBTtWO+tbshjgPCFWZIypZjR8pNkFAUMzLKt2NJIoQHqEdaGjkKiHST6UdH8Fw7XeiHQh+u4NT9vZGgQMph4OnJAKm+/JtNzFVZK1b+lZtQHsWKcDy7yI8ZVCGctAa7VBCs2FADwoLqt0LcRwJhpbtdXcI/qBctp2SV70uFyk1WRw6cgjNwARxQBhVwB6qgBjB4Ai/gHXwYz8ar8WmMZ6NrRrZzApZkfH0DtHalxg==</latexit>

⇢12 = I

<latexit sha1_base64="WD7EC/PZfpQlw9VGPf6jYoQsQpM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEV8NMKdSNUHSjuwr2AZ2hZNJMG5pJhiQjlKF/w40LRdz6Z9z5b0wfiNUeCBy+cy+5nCjlTBvP+3LW1jc2t7YLO8Xdvf2Dw9LRcUvLTBHaJJJL1YmwppwJ2jTMcNpJFcVJxGk7Gt1M8/YjVZpJ8WDGKQ0TPBAsZgQbi4JADWUv9yuTq7tir1T2XW8m9GM8t7pMyrBQo1f6DPqSZAkVhnCsddf3UhPmWBlGOJ0Ug0zTFJMRHtCutQInVIf57OYJOrekj2Kp7BMGzejvjRwnWo+TyE4m2Az132wKV2XdzMSXYc5EmhkqyPyjOOPISDQtAPWZosTwsTWYKGZvRWSIFSbG1rS6hH+mVXH9qlu7r5br14s6CnAKZ3ABPtSgDrfQgCYQSOEJXuDVyZxn5815n4+uOYudE1iS8/EN4hWQ8Q==</latexit>

⇢34 = I

<latexit sha1_base64="9sy4YCTfEH45SXYBee0bZWkWhLk=">AAAB83icbZBLSwMxFIXv1Fetr6pLN8EiuBqmOlA3QtGN7ipYW+gMJZNm2tBMMiQZoQz9G25cKOLWP+POf2P6QKz2QODwnXvJ5UQpZ9p43pdTWFldW98obpa2tnd298r7Bw9aZorQJpFcqnaENeVM0KZhhtN2qihOIk5b0fB6krceqdJMinszSmmY4L5gMSPYWBQEaiC7+bk/vrwtdcuVqutNhX6M5/qLpAJzNbrlz6AnSZZQYQjHWneqXmrCHCvDCKfjUpBpmmIyxH3asVbghOown948RieW9FAslX3CoCn9vZHjROtREtnJBJuB/ptN4LKsk5n4IsyZSDNDBZl9FGccGYkmBaAeU5QYPrIGE8XsrYgMsMLE2JqWl/DPPJy5Vd+t3fmV+tW8jiIcwTGcQhVqUIcbaEATCKTwBC/w6mTOs/PmvM9GC8585xAW5Hx8A+g3kPU=</latexit>

⇢23 = I

<latexit sha1_base64="n/edVtSvC1M0ZYUMgRj3J+Rb670=">AAAB83icbZBLSwMxFIXv1Fetr6pLN8EiuBpmaqFuhKIb3VWwD+gMJZOmbWgmGZKMUIb+DTcuFHHrn3HnvzF9IFZ7IHD4zr3kcqKEM20878vJra1vbG7ltws7u3v7B8XDo6aWqSK0QSSXqh1hTTkTtGGY4bSdKIrjiNNWNLqZ5q1HqjST4sGMExrGeCBYnxFsLAoCNZTdrHwxubordIsl3/VmQj/GcyvLpAQL1bvFz6AnSRpTYQjHWnd8LzFhhpVhhNNJIUg1TTAZ4QHtWCtwTHWYzW6eoDNLeqgvlX3CoBn9vZHhWOtxHNnJGJuh/ptN4aqsk5r+ZZgxkaSGCjL/qJ9yZCSaFoB6TFFi+NgaTBSztyIyxAoTY2taXcI/0yy7fsWt3ldKtetFHXk4gVM4Bx+qUINbqEMDCCTwBC/w6qTOs/PmvM9Hc85i5xiW5Hx8A+UmkPM=</latexit>
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| i = |0i|0i+ |1i|1i+ |2i|2i

<latexit sha1_base64="7UiHDWE+fcEbzS/8drtDnuhD6i0=">AAACT3icbZHNS8MwGMbT+rXNr6pHL8UhCEJpx2BehKEXjxPcB6xlpFm6haVpSVJhtPsPvejNf8OLB0VMZ/2Y2wuBh+f3vm/CEz+mREjbftb0tfWNza1SubK9s7u3bxwcdkSUcITbKKIR7/lQYEoYbksiKe7FHMPQp7jrT65z3r3HXJCI3clpjL0QjhgJCIJSWQMjyNxYEJdDNqL4MrMLlbmRmsqXpvas8M4zZ5k6v7S2TGvfdGBUHcuel/kjbKu+6FRBUa2B8eQOI5SEmElEoRB9x46ll0IuCaJ4VnETgWOIJnCE+0oyGGLhpfM8ZuapcoZmEHF1mDTn7t+JFIZCTENfdYZQjsV/lpurWD+RwYWXEhYnEjP0dVGQUFNGZh6uOSQcI0mnSkDEiXqricaQQyTVF1RWhrAkOjXLqVuN23q1eVXEUQLH4AScAQc0QBPcgBZoAwQewAt4A+/ao/aqfehFq64V4ggslF7+BCJCt3k=</latexit>

| i = |0i(|000i+ |111i+ |222i)+

<latexit sha1_base64="pOn+jzxhzTgI5qhQZWTX+/ElOaM=">AAACKHicbZBNS8MwHMZTX2d9q3r0UhzCZFDaMpgXcejF4wT3AmsZaZZuYWlaklQY7T6OF7+KFxFFdvWT2G11ON0DgR/P8/+T5PEiSoQ0zYmytr6xubVd2FF39/YPDrWj46YIY45wA4U05G0PCkwJww1JJMXtiGMYeBS3vOHtNG89Yi5IyB7kKMJuAPuM+ARBmVld7Tp1IkEcDlmf4qvUzKmUmuYPl1PLshZs23bOF2VVVbta0TLMmfQFmEZl2SmCXPWu9ub0QhQHmElEoRAdy4ykm0AuCaJ4rDqxwBFEQ9jHnQwZDLBwk9lHx/p55vR0P+TZYVKfub83EhgIMQq8bDKAciD+ZlNzVdaJpX/pJoRFscQMzS/yY6rLUJ+2pvcIx0jSUQYQcZK9VUcDyCGSWberS/gHTduwKkb1vlKs3eR1FMApOAMlYIEqqIE7UAcNgMATeAHv4EN5Vl6VT2UyH11T8p0TsCTl6xvZPaSE</latexit>

|1i(|012i+ |120i+ |201i)+

<latexit sha1_base64="n9oR6lQZKemI1tGhRuMMdvWLfqY=">AAACG3icbZBNS8MwHMZTX2d9q3r0UhzCZFDSMpjHoRePE9wLbGOkWbqFpWlJUmF0+x5e/CpePCjiSfDgtzHb6nC6BwI/nuf/J8njx4xKBeGXsba+sbm1ndsxd/f2Dw6to+O6jBKBSQ1HLBJNH0nCKCc1RRUjzVgQFPqMNPzh9TRv3BMhacTv1CgmnRD1OQ0oRkpbXcsbu22BeJ+Rwhi6XsbFsevBBXvwZ+aiaJpm18q7DpzJXgB0SstOHmSqdq2Pdi/CSUi4wgxJ2XJhrDopEopiRiZmO5EkRniI+qSlkaOQyE46+9vEPtdOzw4ioQ9X9sz9vZGiUMpR6OvJEKmB/JtNzVVZK1HBZSelPE4U4Xh+UZAwW0X2tCi7RwXBio00ICyofquNB0ggrHSdq0v4B3XPcUtO+baUr1xldeTAKTgDBeCCMqiAG1AFNYDBA3gCL+DVeDSejTfjfT66ZmQ7J2BJxuc36L2ezQ==</latexit>

|2i(|021i+ |102i+ |210i)

<latexit sha1_base64="y7YEU24bTwHVn//2vsayqniUdlA=">AAACGnicbZBNS8MwHMZTX2d9q3r0EhzCRChtGczj0IvHCe4FtjLSLN3C0rQkqTC6fQ4vfhUvHhTxJl78NmZbGU73QODH8/z/JHmChFGpHOfbWFvf2NzaLuyYu3v7B4fW0XFDxqnApI5jFotWgCRhlJO6ooqRViIIigJGmsHwZpo3H4iQNOb3apQQP0J9TkOKkdJW13LHXkcg3mekNHY8N+fLset4C/ZcJ+cL0zS7VtG1nZngAhy7vOwUQa5a1/rs9GKcRoQrzJCUbddJlJ8hoShmZGJ2UkkShIeoT9oaOYqI9LPZ1ybwXDs9GMZCH67gzP29kaFIylEU6MkIqYH8m03NVVk7VeGVn1GepIpwPL8oTBlUMZz2BHtUEKzYSAPCguq3QjxAAmGl21xdwj9oeLZbtit35WL1Oq+jAE7BGSgBF1RAFdyCGqgDDB7BM3gFb8aT8WK8Gx/z0TUj3zkBSzK+fgBzi56Z</latexit>

| i = |00i|00i+ |01i|11i+ |02i|22i+

<latexit sha1_base64="B6mUZBT5Vxox1PC1Nn95IRVetOA=">AAACNnicbZBNS8MwGMdTX+d8q3r0UhyCMBjpGMyLMPTiRZjgXmAtI83SLSxNS5IKo9un8uLn8LaLB0W8+hHMts453QOBH7/neUjy9yJGpYJwbKytb2xubWd2srt7+weH5tFxXYaxwKSGQxaKpockYZSTmqKKkWYkCAo8Rhpe/2bSbzwSIWnIH9QgIm6Aupz6FCOlVdu8GzqRpI5AvMvI1RDCFBeUH0J7Lm17IYtzWZxTPts2c3YBTsv6AVgoLZscSKvaNl+cTojjgHCFGZKyZcNIuQkSimJGRlknliRCuI+6pKWRo4BIN5l+e2Sda9Ox/FDow5U1tb83EhRIOQg8PRkg1ZN/exO5qteKlX/pJpRHsSIczy7yY2ap0JpkaHWoIFixgQaEBdVvtXAPCYSVTnp1CP+gXizYpUL5vpSrXKdxZMApOAMXwAZlUAG3oApqAIMnMAZv4N14Nl6ND+NzNrpmpDsnYKmMr29kNqut</latexit>

|10i|12i+ |11i|20i+ |12i|01i+

<latexit sha1_base64="deSRPtSGydKFFaSVoeB5jXOSn4I=">AAACKXicbZBNS8MwHMbT+TbnW9Wjl+IQhEFpxmAeh148TnAvsJWRZukWlqYlSYXR7ut48at4UVDUq1/EbOvU6R4IPPye/58kjxcxKpXjvBu5tfWNza38dmFnd2//wDw8asowFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLG11N89YdEZKG/FaNI+IGaMCpTzFSGvXMWgqdrkB8wEgKy5krpRAuYNn5gYs8dRZxqdAzi9B2ZrK+jWNXlkkRZKr3zOduP8RxQLjCDEnZgU6k3AQJRTEjk0I3liRCeIQGpKMtRwGRbjL76cQ606Rv+aHQhytrRn9vJCiQchx4ejJAaij/ZlO4KuvEyr9wE8qjWBGO5xf5MbNUaE1rs/pUEKzYWBuEBdVvtfAQCYSVLnd1Cf9Ms2zDil29qRRrl1kdeXACTsE5gKAKauAa1EEDYHAPHsELeDUejCfjzfiYj+aMbOcYLMn4/AIs36X4</latexit>

|20i|21i+ |21i|02i+ |22i|10i

<latexit sha1_base64="4oncqSI6UP3u3IIXzmQtXgl6VLI=">AAACKHicbZBNS8MwHMZTX+d8q3r0EhyCIJR2DObNoRePE9wLbGWkWbqFpWlJUmG0+zhe/CpeRBTZ1U9itnXO6R4I/Hie/58kjxcxKpVtj4219Y3Nre3cTn53b//g0Dw6rsswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jDG9xO8sYjEZKG/EENI+IGqMepTzFS2uqY12nRbgvEe4ykRSejywWmdnFhzjF15jv5jllwLHsq+AO2VVp2CiBTtWO+tbshjgPCFWZIypZjR8pNkFAUMzLKt2NJIoQHqEdaGjkKiHST6UdH8Fw7XeiHQh+u4NT9vZGgQMph4OnJAKm+/JtNzFVZK1b+lZtQHsWKcDy7yI8ZVCGctAa7VBCs2FADwoLqt0LcRwJhpbtdXcI/qBctp2SV70uFyk1WRw6cgjNwARxQBhVwB6qgBjB4Ai/gHXwYz8ar8WmMZ6NrRrZzApZkfH0DtHalxg==</latexit>



Thank you for your attention


