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An introduction to Quantum 
Error Correction-I
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Classical Bits

Have four basic properties.



1- Bits are Macroscopic Objects

0 1
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So classical bits are  almost very robust against errors. 
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1



2- Bits can be cloned

0 000



3- Errors are discrete

0  ———————>  1

1  ———————>  0



4- Bits can be observed

010 000

And corrected



Quantum bits have exactly 
the opposite properties

= a +b



1-They are microscopic



2-They cannot be cloned
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ψ ⊗ 0 → ψ ⊗ ψ



3-Quantum Errors are continuous
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= a +b = a ' +b '



4-They cannot be observed
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= a +b



Classical Error Correction
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0 �! 000

<latexit sha1_base64="c/A9fcMoaW1lwB5E1jzZhht7jfo="></latexit>

1 �! 111

<latexit sha1_base64="R/Z2St1sIRrRFSfRn508C5OYvc8="></latexit>

p �! 3p2(1� p) + p3

<latexit sha1_base64="dGTOF3l1xhDXhR3nc24c7G3SXH0="></latexit>

⇠ 3p2

<latexit sha1_base64="i7v5+1AqxxKKNYWVfmS1psnE5Jw="></latexit>

d = 3

<latexit sha1_base64="XZtnxX+/PmuH95bkhlRNrrM4/0E=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07KrhXoRil48VrS20C4lm822oUl2SbJCWfoTvHhQxKu/yJv/xvQDsdoHA4/3ZpiZF6acaeN5X05hZXVtfaO4Wdra3tndK+8fPOgkU4Q2ScIT1Q6xppxJ2jTMcNpOFcUi5LQVDq8nfuuRKs0SeW9GKQ0E7ksWM4KNle6iy/NeueK73hToh3hudVGpwByNXvmzGyUkE1QawrHWHd9LTZBjZRjhdFzqZpqmmAxxn3YslVhQHeTTU8foxCoRihNlSxo0VX9P5FhoPRKh7RTYDPRfbyIu8zqZiS+CnMk0M1SS2aI448gkaPI3ipiixPCRJZgoZm9FZIAVJsamU1oawj/ycOb6Vbd2W63Ur+ZxFOEIjuEUfKhBHW6gAU0g0IcneIFXhzvPzpvzPmstOPOZQ1iA8/ENyGqNfA==</latexit>

Probability of error for repetition code.
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V3 = {000, 001, 010, 011, 100, 101, 110, 111}

<latexit sha1_base64="yvQOYUtNWn2Z01/8tw9Ls87IvwE=">AAACIHicbZBNS8MwGMdTX+d8q3r0EhyCBxmJDuZFGHrxOMG9wFpKmqVbWJqWJBVG2Ufx4lfx4kERvemnse2GON0DCX9+/+fhSf5+LLg2CH1aS8srq2vrpY3y5tb2zq69t9/WUaIoa9FIRKrrE80El6xluBGsGytGQl+wjj+6zv3OPVOaR/LOjGPmhmQgecApMRny7HrbO790UoTQqQMRwvmNC41zjQuOC44LjjGGzqTs2RVcRUXBH4GqtXlSAbNqevaH049oEjJpqCBa9zCKjZsSZTgVbFJ2Es1iQkdkwHqZlCRk2k2LD07gcUb6MIhUdqSBBf09kZJQ63HoZ50hMUP918vhIq+XmODCTbmME8MknS4KEgFNBPO0YJ8rRo0YZ4JQxbO3QjokilCTZbo4hH+ifVbFtWr9tlZpXM3iKIFDcAROAAZ10AA3oAlagIIH8ARewKv1aD1bb9b7tHXJms0cgLmyvr4BR9GbBA==</latexit>

C = {000, 111}

<latexit sha1_base64="0GNiEBKm2uO8Qoqa+D46B8vAYGg=">AAAB+nicbZBLSwMxFIXv1Fetr6ku3QSL4EJKRgp1IxS7cVnBPqAzlEyaaUMzmSHJKGXsT3HjQhG3/hJ3/hunD8RqDwQO37mXXI4fC64Nxl9Wbm19Y3Mrv13Y2d3bP7CLhy0dJYqyJo1EpDo+0UxwyZqGG8E6sWIk9AVr+6P6NG/fM6V5JO/MOGZeSAaSB5wSk6GeXaxfuSnG+NxFjuMgd1Lo2SWnjGdCPwaXK8ukBAs1evan249oEjJpqCBadx0cGy8lynAq2KTgJprFhI7IgHUzK0nItJfOTp+g04z0URCp7EmDZvT3RkpCrcehn02GxAz132wKV2XdxASXXsplnBgm6fyjIBHIRGjaA+pzxagR48wQqnh2K6JDogg1WVurS/hnWhdlp1Ku3lZKtetFHXk4hhM4AweqUIMbaEATKDzAE7zAq/VoPVtv1vt8NGctdo5gSdbHN270kYo=</latexit>

So we select only two codewords  
from the set of 8 possible codewords
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[n,k,d]=[5,2,2]

C = {00000, 10101, 01010, 11111}

<latexit sha1_base64="8eiCY1ZKHAUIYmHQNXn00o7XWtU=">AAACDnicbVDLSgMxFL1TX7W+Rl26CZaCCykzUqgbodiNywr2AZ2hZNJMG5p5kGSEMvQL3Pgrblwo4ta1O//GzLSI1Z4Q7sk595LkeDFnUlnWl1FYW9/Y3Cpul3Z29/YPzMOjjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO16k2bmd++pkCwK79Q0pm6ARyHzGcFKSwOz0rxyUivDuYNsSy9ds5KfMyBnVhqYZbuad1noh1jV2rJShgVaA/PTGUYkCWioCMdS9m0rVm6KhWKE01nJSSSNMZngEe1rGuKASjfNvzNDFa0MkR8JvUOFcvX3RIoDKaeBpzsDrMbyr5eJq7x+ovxLN2VhnCgakvlFfsKRilCWDRoyQYniU00wEUy/FZExFpgoneDqEP6RzkXVrlXrt7Vy43oRRxFO4BTOwIY6NOAGWtAGAg/wBC/wajwaz8ab8T5vLRiLmWNYgvHxDc4Qlkk=</latexit>

R =
k

n
=

2

5

<latexit sha1_base64="kMA9/YC9PR+pI7HH4WzzM2itWUA="></latexit>



Hamming Bound



Hamming Bound

2k ⇥ V (n, t) < 2n

<latexit sha1_base64="4FOIQErIWFPkHKrXZ/ZOpZ4nnY8=">AAAB/nicbZBNS8NAEIY39avWr6p48rJYhAoSklKoBw9FLx4r2FZo07LZbtqlm03YnQglFPwrXjwo4tXf4c1/4/YDsdoXBl6emWGG148F1+A4X1ZmZXVtfSO7mdva3tndy+8fNHSUKMrqNBKRuveJZoJLVgcOgt3HipHQF6zpD68n/eYDU5pH8g5GMfNC0pc84JSAQd38UakzbAMPmcaNojyHs0tc6hhecG1nKvxjHLu8SAporlo3/9nuRTQJmQQqiNYt14nBS4kCTgUb59qJZjGhQ9JnLWMlMQe9dPr+GJ8a0sNBpExJwFP6eyMlodaj0DeTIYGB/tubwGW9VgLBhZdyGSfAJJ0dChKBIcKTLHCPK0ZBjIwhVHHzK6YDoggFk1huaQj/TKNku2W7clsuVK/mcWTRMTpBReSiCqqiG1RDdURRip7QC3q1Hq1n6816n41mrPnOIVqQ9fEN9h+UNQ==</latexit>
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✓
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✓
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+ · · ·

✓
n

t

◆

<latexit sha1_base64="NTG/X2luX/p73QpI3o/33Cf4BIU=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARhEKdKYW6LLpxWcFeoB1KJk3b0EwyJGeEMsxjuPFV3LhQxG13vo3TC9pqfwj8+c45nOT3Q8ENOM6XldnY3Nreye7m9vYPDo/s45OGUZGmrE6VULrlE8MEl6wOHARrhZqRwBes6Y9up/XmI9OGK/kA45B5ARlI3ueUQIq69pVbiGWHDpUyDLvJ0qWUFDq0p8DgXwZJ1867RWcm/GOcYnmV5NFCta496fQUjQImgQpiTNt1QvBiooFTwZJcJzIsJHREBqydWkkCZrx49rEEX6Skh/tKp0cCntHliZgExowDP+0MCAzN39oUrqu1I+hfezGXYQRM0vmifiQwKDxNCfe4ZhTEODWEap6+FdMh0YRCmmVubQj/TKNUdMvFyn05X71ZxJFFZ+gcXSIXVVAV3aEaqiOKntALekPv1rP1an1Yn/PWjLWYOUUrsibfHNOf3A==</latexit>

V (n, t) =

<latexit sha1_base64="cnUwMxxYPUeQrR/jpfHz3AwLGMg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BItQQUIihXoRil48VrAf0Iay2W7apZtN2J0IJfRHePGgiFd/jzf/jdsPxGofDDzem2FmXpAIrtF1v6zc2vrG5lZ+u7Czu7d/UDw8auo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRrdTv/XIlOaxfMBxwvyIDCQPOSVopFazLC/w/LpXLHmOO4P9Q1ynsqyUYIF6r/jZ7cc0jZhEKojWHc9N0M+IQk4FmxS6qWYJoSMyYB1DJYmY9rPZuRP7zCh9O4yVKYn2TP09kZFI63EUmM6I4FD/9abiKq+TYnjlZ1wmKTJJ54vCVNgY29Pf7T5XjKIYG0Ko4uZWmw6JIhRNQoWVIfwjzUvHqzjV+0qpdrOIIw8ncApl8KAKNbiDOjSAwgie4AVercR6tt6s93lrzlrMHMMSrI9vEs+Owg==</latexit>

t

<latexit sha1_base64="cEIQyk6TFpHYmJd1DzysIk8Vb8Q=">AAACJHicbZDJSgNBEIZ74haj0USPXgaD4ClMJBCPQS8eEzALJCH0dGomTXq6h+4aJQx5Aq/6Cj6NN/HgxWexsyBGU1Dw8/1V1OLHghv0vE8ns7W9s7uX3c8dHOaPjgvFk7ZRiWbQYkoo3fWpAcEltJCjgG6sgUa+gI4/uZ37nQfQhit5j9MYBhENJQ84o2hRE4eFUqXsLcL9EV65uk5KZBWNYdHJ90eKJRFIZIIa06t4MQ5SqpEzAbNcPzEQUzahIfSslDQCM0gXm87cC0tGbqC0TYnugv7uSGlkzDTybWVEcWz+enO4yeslGFwPUi7jBEGy5aAgES4qd362O+IaGIqpFZRpbnd12ZhqytA+J9cfQdDXNLUpw8URcyAsEGtAWaBkqHk4Rqq1epzlNj7wn2hflSvVcq1ZLdVvVq/MkjNyTi5JhdRIndyRBmkRRoA8kWfy4rw6b86787EszTirnlOyFs7XN8FOpKA=</latexit>

The number of elements in each sphere.



2k

<latexit sha1_base64="3rEReSjlumGlKDjflZCrZJ5U+40=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkNgXgMevEY0TwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cfJAjFrQUFR1090VpoJr43mfTm5tfWNzK79d2Nnd2z8oHh41dZIphg2WiES1Q6pRcIkNw43AdqqQxqHAVji6mvmtB1SaJ/LOjFMMYjqQPOKMGivdlu9HvWLJd705yDfx3MqqUoIl6r3iR7efsCxGaZigWnd8LzXBhCrDmcBpoZtpTCkb0QF2LJU0Rh1M5qdOyZlV+iRKlC1pyFz9OTGhsdbjOLSdMTVD/dubif95ncxEF8GEyzQzKNliUZQJYhIy+5v0uUJmxNgSyhS3txI2pIoyY9Mp/BvCH9Isu37Frd5USrXLZRx5OIFTOAcfqlCDa6hDAxgM4BGe4cURzpPz6rwtWnPOcuYYVuC8fwEDUo2j</latexit>

2n

<latexit sha1_base64="s+JtK6AbkEHVNl09OUL3YcdWCuw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmEQDwGvXiMaB6QrGF2MpsMmZ1dZnqFsOQTvHhQxKtf5M2/cfJAjFrQUFR1090VJFIY9LxPJ7e2vrG5ld8u7Ozu7R8UD49aJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4Px1cxvP3BtRKzucJJwP6JDJULBKFrptnKv+sVS2fXmIN/Ec6urSgmWaPSLH71BzNKIK2SSGtMtewn6GdUomOTTQi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP150RGI2MmUWA7I4oj89ubif953RTDCz8TKkmRK7ZYFKaSYExmf5OB0JyhnFhCmRb2VsJGVFOGNp3CvyH8Ia2KW666tZtqqX65jCMPJ3AK51CGGtThGhrQBAZDeIRneHGk8+S8Om+L1pyznDmGFTjvXwfejaY=</latexit>
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<latexit sha1_base64="NTG/X2luX/p73QpI3o/33Cf4BIU=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARhEKdKYW6LLpxWcFeoB1KJk3b0EwyJGeEMsxjuPFV3LhQxG13vo3TC9pqfwj8+c45nOT3Q8ENOM6XldnY3Nreye7m9vYPDo/s45OGUZGmrE6VULrlE8MEl6wOHARrhZqRwBes6Y9up/XmI9OGK/kA45B5ARlI3ueUQIq69pVbiGWHDpUyDLvJ0qWUFDq0p8DgXwZJ1867RWcm/GOcYnmV5NFCta496fQUjQImgQpiTNt1QvBiooFTwZJcJzIsJHREBqydWkkCZrx49rEEX6Skh/tKp0cCntHliZgExowDP+0MCAzN39oUrqu1I+hfezGXYQRM0vmifiQwKDxNCfe4ZhTEODWEap6+FdMh0YRCmmVubQj/TKNUdMvFyn05X71ZxJFFZ+gcXSIXVVAV3aEaqiOKntALekPv1rP1an1Yn/PWjLWYOUUrsibfHNOf3A==</latexit>

V (n, t) =

<latexit sha1_base64="cnUwMxxYPUeQrR/jpfHz3AwLGMg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BItQQUIihXoRil48VrAf0Iay2W7apZtN2J0IJfRHePGgiFd/jzf/jdsPxGofDDzem2FmXpAIrtF1v6zc2vrG5lZ+u7Czu7d/UDw8auo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRrdTv/XIlOaxfMBxwvyIDCQPOSVopFazLC/w/LpXLHmOO4P9Q1ynsqyUYIF6r/jZ7cc0jZhEKojWHc9N0M+IQk4FmxS6qWYJoSMyYB1DJYmY9rPZuRP7zCh9O4yVKYn2TP09kZFI63EUmM6I4FD/9abiKq+TYnjlZ1wmKTJJ54vCVNgY29Pf7T5XjKIYG0Ko4uZWmw6JIhRNQoWVIfwjzUvHqzjV+0qpdrOIIw8ncApl8KAKNbiDOjSAwgie4AVercR6tt6s93lrzlrMHMMSrI9vEs+Owg==</latexit>

2k ⇥ V (n, t) < 2n

<latexit sha1_base64="4FOIQErIWFPkHKrXZ/ZOpZ4nnY8=">AAAB/nicbZBNS8NAEIY39avWr6p48rJYhAoSklKoBw9FLx4r2FZo07LZbtqlm03YnQglFPwrXjwo4tXf4c1/4/YDsdoXBl6emWGG148F1+A4X1ZmZXVtfSO7mdva3tndy+8fNHSUKMrqNBKRuveJZoJLVgcOgt3HipHQF6zpD68n/eYDU5pH8g5GMfNC0pc84JSAQd38UakzbAMPmcaNojyHs0tc6hhecG1nKvxjHLu8SAporlo3/9nuRTQJmQQqiNYt14nBS4kCTgUb59qJZjGhQ9JnLWMlMQe9dPr+GJ8a0sNBpExJwFP6eyMlodaj0DeTIYGB/tubwGW9VgLBhZdyGSfAJJ0dChKBIcKTLHCPK0ZBjIwhVHHzK6YDoggFk1huaQj/TKNku2W7clsuVK/mcWTRMTpBReSiCqqiG1RDdURRip7QC3q1Hq1n6816n41mrPnOIVqQ9fEN9h+UNQ==</latexit>



Linear Codes

Vn

<latexit sha1_base64="I7V6uCjdErMBDSls1InkDKqpuMc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo6bOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTP3WIyrNE/lgxikGMR1IHnFGjZXumz3ZK5V915uB/BDPrSwrZVig3it9dvsJy2KUhgmqdcf3UhPkVBnOBE6K3UxjStmIDrBjqaQx6iCfnToh51bpkyhRtqQhM/X3RE5jrcdxaDtjaob6rzcVV3mdzERXQc5lmhmUbL4oygQxCZn+TfpcITNibAllittbCRtSRZmx6RRXhvCPNC9dv+JW7yrl2vUijgKcwhlcgA9VqMEt1KEBDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A0A7jcs=</latexit>

C

<latexit sha1_base64="UkiLuucgGBYFfWgXrv1M7AYQr9g=">AAACJHicbZDLSsNAFIYnXmu12urSTbAIrkoihbosduOyBXuBppTJ5CQdOpkJMxOlhD6BW30Fn8aduHDjszhpi1jtgQM/338O5+InjCrtOJ/W1vbO7t5+4aB4eFQ6PilXTntKpJJAlwgm5MDHChjl0NVUMxgkEnDsM+j701bu9x9AKir4vZ4lMIpxxGlICdYGdVrjctWtOYuwf4RTq6+TKlpFe1yxSl4gSBoD14RhpYauk+hRhqWmhMG86KUKEkymOIKhkRzHoEbZYtO5fWlIYIdCmuTaXtDfHRmOlZrFvqmMsZ6ov14ON3nDVIc3o4zyJNXAyXJQmDJbCzs/2w6oBKLZzAhMJDW72mSCJSbaPKfoBRB6EmcmebQ4IgfMALYGhAGCR5JGE42lFI/z4sYH/hO965pbrzU69WrzdvXKAjpHF+gKuaiBmugOtVEXEQToCT2jF+vVerPerY9l6Za16jlDa2F9fQNrjqRv</latexit>

The code space is chosen to be a  
subspace of the space of all codewords. 
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Linear Codes



Linear Codes

e1 = (1, 0, 0, · · · 0)

<latexit sha1_base64="MQFwmfHMs68vTN8RQwqueJMe4QE=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBQmJFOpGKLpxWcG2QhvCZDJph05mwsxEqKH4K25cKOLW/3Dn3zh9IFZ7LhcO59zLvZwwZVRp1/2yCkvLK6trxfXSxubW9o69u9dSIpOYNLFgQt6FSBFGOWlqqhm5SyVBSchIOxxcjf32PZGKCn6rhynxE9TjNKYYaSMF9gEJvIuKd+qa6uJIaAXdk8Aue447AfwhrlOdV8pghkZgf3YjgbOEcI0ZUqrjuan2cyQ1xYyMSt1MkRThAeqRjqEcJUT5+eT7ETw2SgRjIU1zDSfq740cJUoNk9BMJkj31V9vLC7yOpmOz/2c8jTThOPpoThjUAs4jgJGVBKs2dAQhCU1v0LcRxJhbQIrLQzhH2mdOV7Vqd1Uy/XLWRxFcAiOQAV4oAbq4Bo0QBNg8ACewAt4tR6tZ+vNep+OFqzZzj6Yg/XxDcw4kuQ=</latexit>

e2 = (0, 1, 0, · · · 0)

<latexit sha1_base64="XNXFO1GH8KMM2X69JcHF5RGsprk=">AAAB/XicbZBLSwMxFIUzPmt9jY+dm2ARKpSSKYW6EYpuXFawD2iHIZPJtKGZZEgyQh2Kf8WNC0Xc+j/c+W+cPhCrPRA4fOdecjl+zJk2CH1ZK6tr6xubua389s7u3r59cNjSMlGENonkUnV8rClngjYNM5x2YkVx5HPa9ofXk7x9T5VmUtyZUUzdCPcFCxnBJkOefUy9ymURlZwSKvVIII2G6NyzC04ZTQV/DCpXF0kBzNXw7M9eIEkSUWEIx1p3HRQbN8XKMMLpON9LNI0xGeI+7WZW4IhqN51eP4ZnGQlgKFX2hIFT+nsjxZHWo8jPJiNsBvpvNoHLsm5iwgs3ZSJODBVk9lGYcGgknFQBA6YoMXyUGUwUy26FZIAVJiYrLL+0hH+mVSk71XLttlqoX83ryIETcAqKwAE1UAc3oAGagIAH8ARewKv1aD1bb9b7bHTFmu8cgQVZH9/Ny5Ll</latexit>

en = (0, 0, 0, · · · 1)

<latexit sha1_base64="ZDGyeQjcrFpKmf4C+eihb7KBhoA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJFOpGKLpxWcG2QhvCZDJph05mwsxEqKH4K25cKOLW/3Dn3zhpi1jtuVw4nHMv93KChFGlHefLKiwtr6yuFddLG5tb2zv27l5biVRi0sKCCXkXIEUY5aSlqWbkLpEExQEjnWB4lfudeyIVFfxWjxLixajPaUQx0kby7QPi84uKc5pXD4dCK+ie+HbZrToTwB/iVGvzShnM0PTtz14ocBoTrjFDSnVdJ9FehqSmmJFxqZcqkiA8RH3SNZSjmCgvm3w/hsdGCWEkpGmu4UT9vZGhWKlRHJjJGOmB+uvl4iKvm+ro3MsoT1JNOJ4eilIGtYB5FDCkkmDNRoYgLKn5FeIBkghrE1hpYQj/SPus6taq9ZtauXE5i6MIDsERqAAX1EEDXIMmaAEMHsATeAGv1qP1bL1Z79PRgjXb2QdzsD6+ASy7kyE=</latexit>

..............

<latexit sha1_base64="b1mzLYGt9jB7DBDtgyyigXHM2jg=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuBpmpFCXRTcuK9gHtLVk0jttaCYzJBmlDP0fblwo4tb/4s5/Y/pArPZA4PCde8nlBIng2njel5NbW9/Y3MpvF3Z29/YPiodHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBmMrqd58wGV5rG8M+MEuxEdSB5yRo1F9+6SesWS73ozkR/jueVlUoKFar3iZ6cfszRCaZigWrd9LzHdjCrDmcBJoZNqTCgb0QG2rZU0Qt3NZldPyJklfRLGyj5pyIz+3shopPU4CuxkRM1Q/82mcFXWTk142c24TFKDks0/ClNBTEymFZA+V8iMGFtDmeL2VsKGVFFmbFGFlSX8M40L1y+7ldtyqXq1qCMPJ3AK5+BDBapwAzWoAwMFT/ACr86j8+y8Oe/z0Zyz2DmGJTkf3/0hj5o=</latexit>

Vn

<latexit sha1_base64="I7V6uCjdErMBDSls1InkDKqpuMc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo6bOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTP3WIyrNE/lgxikGMR1IHnFGjZXumz3ZK5V915uB/BDPrSwrZVig3it9dvsJy2KUhgmqdcf3UhPkVBnOBE6K3UxjStmIDrBjqaQx6iCfnToh51bpkyhRtqQhM/X3RE5jrcdxaDtjaob6rzcVV3mdzERXQc5lmhmUbL4oygQxCZn+TfpcITNibAllittbCRtSRZmx6RRXhvCPNC9dv+JW7yrl2vUijgKcwhlcgA9VqMEt1KEBDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A0A7jcs=</latexit>

The basis of the total space



Ck

<latexit sha1_base64="hVAHWgt77yJEigMiaUcGwTbpFiM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGc/EY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cfJAjKagoajqprsrTKQw6HlfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Xj2sxvPXJtRKwecJLwIKJDJQaCUbTSfa037hVLvuvNQX6I55ZXlRIsUe8VP7v9mKURV8gkNabjewkGGdUomOTTQjc1PKFsTIe8Y6miETdBNj91Si6s0ieDWNtSSObq74mMRsZMotB2RhRH5q83E9d5nRQH10EmVJIiV2yxaJBKgjGZ/U36QnOGcmIJZVrYWwkbUU0Z2nQKa0P4R5pXrl92K3flUvVmGUcezuAcLsGHClThFurQAAZDeIIXeHWk8+y8Oe+L1pyznDmFFTgf3x69jbU=</latexit>

0

BB@

g1
g2
·
gk

1

CCA

<latexit sha1_base64="Cb6Cc6wpTDfi7hwNmGa4DmoO85k=">AAACKnicbVDLSgMxFM34rPVVdekmWATdlBkp1KWPjUsFq0JTSiZzZxqayQzJHaEM/R43/oobF0px64eY1iK+DuRycu65eZwwV9Ki74+9ufmFxaXlykp1dW19Y7O2tX1js8IIaItMZeYu5BaU1NBGiQrucgM8DRXchoPzSf/2HoyVmb7GYQ7dlCdaxlJwdFKvdsoUxHjAQkikLrkxfDgqxYgmvYAxV49cZSLKkE63AwY6mtmYkUkfD3u1etDwp6BfxG80fyp1MsNlr/bMokwUKWgUilvbCfwcu+5QlELBqMoKCzkXA55Ax1HNU7DdcvrVEd13SkTjzLilkU7V7xMlT60dpqFzphz79ndvIv7X6xQYH3dLqfMCQYvPi+JCUczoJDcaSQMC1dARLox0b6Wizw0X6NKt/hvCH3Jz1AiajdZVs35yNoujQnbJHjkgAWmRE3JBLkmbCPJAnsgLefUevWdv7L19Wue82cwO+QHv/QPI96eC</latexit>

Vn

<latexit sha1_base64="I7V6uCjdErMBDSls1InkDKqpuMc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo6bOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTP3WIyrNE/lgxikGMR1IHnFGjZXumz3ZK5V915uB/BDPrSwrZVig3it9dvsJy2KUhgmqdcf3UhPkVBnOBE6K3UxjStmIDrBjqaQx6iCfnToh51bpkyhRtqQhM/X3RE5jrcdxaDtjaob6rzcVV3mdzERXQc5lmhmUbL4oygQxCZn+TfpcITNibAllittbCRtSRZmx6RRXhvCPNC9dv+JW7yrl2vUijgKcwhlcgA9VqMEt1KEBDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A0A7jcs=</latexit>

w = ↵1g1 + ↵2g2 + · · ·↵kgk

<latexit sha1_base64="jeaXYffyxXYPy47YipWSS94X/d4=">AAACF3icbZBNS8MwHMZTX+d8q3r0EhyCMCjtGMyLMPTicYJ7gbWUNE270DQtSaqMsm/hxa/ixYMiXvXmt7HbijjdA4GH3/P/k+TxUkalMs0vbWV1bX1js7JV3d7Z3dvXDw57MskEJl2csEQMPCQJo5x0FVWMDFJBUOwx0veiq2nevyNC0oTfqnFKnBiFnAYUI1UgVzfuL2zE0hFyrdC16qVvhG6jbmM/URKWKIKhG1VdvWYZ5kzwx5hGc5HUQKmOq3/afoKzmHCFGZJyaJmpcnIkFMWMTKp2JkmKcIRCMiwsRzGRTj771wSeFsSHQSKKwxWc0d8bOYqlHMdeMRkjNZJ/sylclg0zFZw7OeVppgjH84uCjEGVwGlJ0KeCYMXGhUFY0OKtEI+QQFgVVS4v4Z/pNQyrabRumrX2ZVlHBRyDE3AGLNACbXANOqALMHgAT+AFvGqP2rP2pr3PR1e0cucILEj7+AbnoZ6F</latexit>

(↵1, ↵2, · · · , ↵k)

<latexit sha1_base64="fKuBxsHdBuNDVm7ldcckr8dvyFU=">AAACEXicbZBNS8MwHMbT+TbnW9Wjl+AQJozRjsE8Dr14nOBeYC0lTdMtLG1Kkgqj7Ct48at48aCIV2/e/DZmW1GneyDw8Hv+f5I8fsKoVJb1aRTW1jc2t4rbpZ3dvf0D8/CoK3kqMOlgzrjo+0gSRmPSUVQx0k8EQZHPSM8fX83y3h0RkvL4Vk0S4kZoGNOQYqQ08sxKxUEsGSHPrjowt/WqgwOu5A8Zn5c8s2zXrLngt7FqjWVSBrnanvnhBBynEYkVZkjKgW0lys2QUBQzMi05qSQJwmM0JANtYxQR6WbzH03hmSYBDLnQJ1ZwTn9vZCiSchL5ejJCaiT/ZjO4KhukKrxwMxonqSIxXlwUpgwqDmf1wIAKghWbaIOwoPqtEI+QQFjpEleX8M906zW7UWveNMqty7yOIjgBp6ACbNAELXAN2qADMLgHj+AZvBgPxpPxarwtRgtGvnMMlmS8fwGrjpus</latexit>

�! (w1, w2, · · · , wn)

<latexit sha1_base64="1EsCLcg/FH/WJL/ORbhudCsOoxc=">AAACEnicbVDLSgMxFM3UV62vUZdugkVooZSZUqjLohuXFewDOmXIpGkbmkmG5I6llH6DG3/FjQtF3Lpy5984fSBWe+DCyTn3cnNPEAluwHG+rNTG5tb2Tno3s7d/cHhkH580jIo1ZXWqhNKtgBgmuGR14CBYK9KMhIFgzWB4PfOb90wbruQdjCPWCUlf8h6nBBLJt/OeULKveX8ARGs1wrmR7xY8PPJLBY92FZj5Q+Yzvp11i84c+Ic4xfKqkkVL1Hz70+sqGodMAhXEmLbrRNCZEA2cCjbNeLFhEaFD0mfthEoSMtOZzE+a4otE6eKe0klJwHP198SEhMaMwyDpDAkMzF9vJq7z2jH0LjsTLqMYmKSLRb1YYFB4lg/ucs0oiHFCCNU8+SumA6IJhSTF9SH8I41S0S0XK7flbPVqGUcanaFzlEMuqqAqukE1VEcUPaAn9IJerUfr2Xqz3hetKWs5c4pWYH18Aw4BnG0=</latexit>

g1

<latexit sha1_base64="zGXb+hWWgaOTMv5poiNixxkg5jA="></latexit>

g2

<latexit sha1_base64="L5aUuH2qz60jWiW2tS7vZ2NaHn8="></latexit>

The basis of code space



↵ �! w = ↵G

<latexit sha1_base64="nBkYrczUwehAatOU99LoprAj6ec="></latexit>

10 �! g1

<latexit sha1_base64="mhSNtHWaIW9M9v7blD/TrAOt0kg=">AAACLHicbZDLSgMxFIaTeqvVaqtLN8EiuBpmpFCXRTcuK9iLdErJZDLT0EwyJBmlDH0Kt/oKPo0bEbc+h+kFsdoDB36+/xzOJUg508Z132FhY3Nre6e4W9rbLx8cVqpHHS0zRWibSC5VL8CaciZo2zDDaS9VFCcBp91gfD3zuw9UaSbFnZmkdJDgWLCIEWwsuvdcn0sUD71hpeY57jzQj3Cd+iqpgWW0hlVY9kNJsoQKQzjWuu+5qRnkWBlGOJ2W/EzTFJMxjmnfSoETqgf5fOMpOrMkRJFUNoVBc/q7I8eJ1pMksJUJNiP915vBdV4/M9HlIGcizQwVZDEoyjgyEs3ORyFTlBg+sQITxeyuiIywwsTYJ5X8kEa+wrlNEc+PmAFuAV8B0gIpYsXikcFKycdpae0D/4nOhePVncZtvda8Wr6yCE7AKTgHHmiAJrgBLdAGBCTgCTyDF/gK3+AH/FyUFuCy5xisBPz6Btx2pys=</latexit>

01 �! g2

<latexit sha1_base64="cBR8iVFTXsLnhqaOAPRAy/ZbgC4=">AAACLHicbZDLSsNAFIYnXmu02urSzWARXJWkFOqy6MZlBXuRJpTJdJIOncyEmYlSQp/Crb6CT+NGxK3P4SQtYrUHDvx8/zmcS5AwqrTjvFsbm1vbO7ulPXv/oHx4VKke95RIJSZdLJiQgwApwignXU01I4NEEhQHjPSD6XXu9x+IVFTwOz1LiB+jiNOQYqQNundcjwkYjRqjSs2tO0XAH+HUm6ukBpbRGVWtsjcWOI0J15ghpYauk2g/Q1JTzMjc9lJFEoSnKCJDIzmKifKzYuM5PDdkDEMhTXINC/q7I0OxUrM4MJUx0hP118vhOm+Y6vDSzyhPUk04XgwKUwa1gPn5cEwlwZrNjEBYUrMrxBMkEdbmSbY3JqEnUWaSR8UROWAGsBUgDBA8kjSaaCSleJzbax/4T/QadbdZb902a+2r5StL4BScgQvgghZogxvQAV2AQQyewDN4sV6tN+vD+lyUbljLnhOwEtbXN941pyw=</latexit>

11 �! g1 + g2

<latexit sha1_base64="OqsxlaE7J/ObwsSmvuxKyirJ+HA=">AAACMHicbZDLSgMxFIYz9Var1VaXboJFEIQyUwp1WXTjsoK9QGcYMpnMNDSTjElGKUOfw62+gk+jK3HrU5heEKv94cDPd84hJ3+QMqq0bb9bhY3Nre2d4m5pb798cFipHvWUyCQmXSyYkIMAKcIoJ11NNSODVBKUBIz0g/H1rN9/IFJRwe/0JCVegmJOI4qRNshzHJcJGPvORew3/ErNqdtzwR9j15urpAaW6vhVq+yGAmcJ4RozpNTQsVPt5UhqihmZltxMkRThMYrJ0FiOEqK8fH71FJ4ZEsJISFNcwzn9vZGjRKlJEpjJBOmR+tubwXW9YaajSy+nPM004XjxUJQxqAWcRQBDKgnWbGIMwpKaWyEeIYmwNkGV3JBErkS5KR7PPzEDzAC2AoQBgseSxiONpBSP09LaAP+ZXqPuNOut22atfbWMsghOwCk4Bw5ogTa4AR3QBRjcgyfwDF6sV+vN+rA+F6MFa7lzDFZkfX0DfOSodw==</latexit>

00 �! 00 · · · 0

<latexit sha1_base64="9Pf4W6DRTJz5GOHpqqkKEVPWMMU="></latexit>

w = ↵1g1 + ↵2g2 + · · ·↵kgk

<latexit sha1_base64="jeaXYffyxXYPy47YipWSS94X/d4=">AAACF3icbZBNS8MwHMZTX+d8q3r0EhyCMCjtGMyLMPTicYJ7gbWUNE270DQtSaqMsm/hxa/ixYMiXvXmt7HbijjdA4GH3/P/k+TxUkalMs0vbWV1bX1js7JV3d7Z3dvXDw57MskEJl2csEQMPCQJo5x0FVWMDFJBUOwx0veiq2nevyNC0oTfqnFKnBiFnAYUI1UgVzfuL2zE0hFyrdC16qVvhG6jbmM/URKWKIKhG1VdvWYZ5kzwx5hGc5HUQKmOq3/afoKzmHCFGZJyaJmpcnIkFMWMTKp2JkmKcIRCMiwsRzGRTj771wSeFsSHQSKKwxWc0d8bOYqlHMdeMRkjNZJ/sylclg0zFZw7OeVppgjH84uCjEGVwGlJ0KeCYMXGhUFY0OKtEI+QQFgVVS4v4Z/pNQyrabRumrX2ZVlHBRyDE3AGLNACbXANOqALMHgAT+AFvGqP2rP2pr3PR1e0cucILEj7+AbnoZ6F</latexit>

(↵1, ↵2, · · · , ↵k)

<latexit sha1_base64="fKuBxsHdBuNDVm7ldcckr8dvyFU=">AAACEXicbZBNS8MwHMbT+TbnW9Wjl+AQJozRjsE8Dr14nOBeYC0lTdMtLG1Kkgqj7Ct48at48aCIV2/e/DZmW1GneyDw8Hv+f5I8fsKoVJb1aRTW1jc2t4rbpZ3dvf0D8/CoK3kqMOlgzrjo+0gSRmPSUVQx0k8EQZHPSM8fX83y3h0RkvL4Vk0S4kZoGNOQYqQ08sxKxUEsGSHPrjowt/WqgwOu5A8Zn5c8s2zXrLngt7FqjWVSBrnanvnhBBynEYkVZkjKgW0lys2QUBQzMi05qSQJwmM0JANtYxQR6WbzH03hmSYBDLnQJ1ZwTn9vZCiSchL5ejJCaiT/ZjO4KhukKrxwMxonqSIxXlwUpgwqDmf1wIAKghWbaIOwoPqtEI+QQFjpEleX8M906zW7UWveNMqty7yOIjgBp6ACbNAELXAN2qADMLgHj+AZvBgPxpPxarwtRgtGvnMMlmS8fwGrjpus</latexit>

�! (w1, w2, · · · , wn)

<latexit sha1_base64="1EsCLcg/FH/WJL/ORbhudCsOoxc=">AAACEnicbVDLSgMxFM3UV62vUZdugkVooZSZUqjLohuXFewDOmXIpGkbmkmG5I6llH6DG3/FjQtF3Lpy5984fSBWe+DCyTn3cnNPEAluwHG+rNTG5tb2Tno3s7d/cHhkH580jIo1ZXWqhNKtgBgmuGR14CBYK9KMhIFgzWB4PfOb90wbruQdjCPWCUlf8h6nBBLJt/OeULKveX8ARGs1wrmR7xY8PPJLBY92FZj5Q+Yzvp11i84c+Ic4xfKqkkVL1Hz70+sqGodMAhXEmLbrRNCZEA2cCjbNeLFhEaFD0mfthEoSMtOZzE+a4otE6eKe0klJwHP198SEhMaMwyDpDAkMzF9vJq7z2jH0LjsTLqMYmKSLRb1YYFB4lg/ucs0oiHFCCNU8+SumA6IJhSTF9SH8I41S0S0XK7flbPVqGUcanaFzlEMuqqAqukE1VEcUPaAn9IJerUfr2Xqz3hetKWs5c4pWYH18Aw4BnG0=</latexit>

K bits are encoded into n bits. 

Or in compact notation



G =

0

BB@

g1
g2
·
gk

1

CCA

<latexit sha1_base64="LOEtQBwJbwJE/MUWAD5BbcOyvEA="></latexit>

w = ↵1g1 + ↵2g2 + · · ·↵kgk

<latexit sha1_base64="jeaXYffyxXYPy47YipWSS94X/d4=">AAACF3icbZBNS8MwHMZTX+d8q3r0EhyCMCjtGMyLMPTicYJ7gbWUNE270DQtSaqMsm/hxa/ixYMiXvXmt7HbijjdA4GH3/P/k+TxUkalMs0vbWV1bX1js7JV3d7Z3dvXDw57MskEJl2csEQMPCQJo5x0FVWMDFJBUOwx0veiq2nevyNC0oTfqnFKnBiFnAYUI1UgVzfuL2zE0hFyrdC16qVvhG6jbmM/URKWKIKhG1VdvWYZ5kzwx5hGc5HUQKmOq3/afoKzmHCFGZJyaJmpcnIkFMWMTKp2JkmKcIRCMiwsRzGRTj771wSeFsSHQSKKwxWc0d8bOYqlHMdeMRkjNZJ/sylclg0zFZw7OeVppgjH84uCjEGVwGlJ0KeCYMXGhUFY0OKtEI+QQFgVVS4v4Z/pNQyrabRumrX2ZVlHBRyDE3AGLNACbXANOqALMHgAT+AFvGqP2rP2pr3PR1e0cucILEj7+AbnoZ6F</latexit>

k ⇥ n

<latexit sha1_base64="CWMPeqxLsClvB+Lv7o2cW/Eext4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzAOTJcxOZpMhs7PLTK8QlvyFFw+KePVvvPk3Th6I0RQ0FFXddHeFqRQGPe/LWVvf2NzaLuwUd/f2Dw5LR8dNk2Sa8QZLZKLbITVcCsUbKFDydqo5jUPJW+HoZuq3Hrk2IlH3OE55ENOBEpFgFK30MOqiiLkhqtgrlX3Xm4H8EM+tLCtlWKDeK312+wnLYq6QSWpMx/dSDHKqUTDJJ8VuZnhK2YgOeMdSRe2eIJ9dPCHnVumTKNG2FJKZ+nsip7Ex4zi0nTHFofnrTcVVXifD6CrIhUoz5IrNF0WZJJiQ6fukLzRnKMeWUKaFvZWwIdWUoQ1pdQj/SPPS9Stu9a5Srl0v4ijAKZzBBfhQhRrcQh0awEDBE7zAq2OcZ+fNeZ+3rjmLmRNYgvPxDepnkG8=</latexit>

↵ �! w = ↵G

<latexit sha1_base64="TbRB/gKUPjjz4HeQrW4/6usEmMw=">AAACCnicbZBLSwMxFIUzPmt9jbp0Ey2Cq2EqhboRii50WcE+oB3KnTQzDc0kQ5KxlKFrN/4VNy4UcesvcOe/cfpArPZA4PCde0ly/JgzbVz3y1paXlldW89t5De3tnd27b39upaJIrRGJJeq6YOmnAlaM8xw2owVhcjntOH3r8Z5454qzaS4M8OYehGEggWMgMlQxz5qA4970OZShIqFPQNKyQEeXEw5vs537ELRcSfCP8Z1SvOkgGaqduzPdleSJKLCEA5at4pubLwUlGGE01G+nWgaA+lDSFuZFRBR7aWTr4zwSUa6OJAqO8LgCf29kUKk9TDys8kITE//zcZwUdZKTHDupUzEiaGCTC8KEo6NxONecJcpSgwfZgaIYtlbMemBAmKy9haX8M/Uz5xiySnflgqVy1kdOXSIjtEpKqIyqqAbVEU1RNADekIv6NV6tJ6tN+t9OrpkzXYO0Jysj2/ptZpj</latexit>

Generator MatrixG =

<latexit sha1_base64="k3F+8BkV8OOAXKakNZ2GubuHnOo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiBch6EGPEc0DkiXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GycPxGgKGoqqbrq7wkRwbTzvy1lZXVvf2Mxt5bd3dvf2CweHdR2nimGNxSJWzZBqFFxizXAjsJkopFEosBEOryd+4xGV5rF8MKMEg4j2Je9xRo2V7m8u851C0Xe9KcgP8dzSolKEOaqdwme7G7M0QmmYoFq3fC8xQUaV4UzgON9ONSaUDWkfW5ZKGqEOsumpY3JqlS7pxcqWNGSq/p7IaKT1KAptZ0TNQP/1JuIyr5Wa3kWQcZmkBiWbLeqlgpiYTP4mXa6QGTGyhDLF7a2EDaiizNh0lofwj9TPXb/klu9KxcrVPI4cHMMJnIEPZajALVShBgz68AQv8OoI59l5c95nrSvOfOYIFuB8fANeGI02</latexit>



Ck

<latexit sha1_base64="hVAHWgt77yJEigMiaUcGwTbpFiM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGc/EY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cfJAjKagoajqprsrTKQw6HlfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Xj2sxvPXJtRKwecJLwIKJDJQaCUbTSfa037hVLvuvNQX6I55ZXlRIsUe8VP7v9mKURV8gkNabjewkGGdUomOTTQjc1PKFsTIe8Y6miETdBNj91Si6s0ieDWNtSSObq74mMRsZMotB2RhRH5q83E9d5nRQH10EmVJIiV2yxaJBKgjGZ/U36QnOGcmIJZVrYWwkbUU0Z2nQKa0P4R5pXrl92K3flUvVmGUcezuAcLsGHClThFurQAAZDeIIXeHWk8+y8Oe+L1pyznDmFFTgf3x69jbU=</latexit>

Vn

<latexit sha1_base64="I7V6uCjdErMBDSls1InkDKqpuMc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo6bOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTP3WIyrNE/lgxikGMR1IHnFGjZXumz3ZK5V915uB/BDPrSwrZVig3it9dvsJy2KUhgmqdcf3UhPkVBnOBE6K3UxjStmIDrBjqaQx6iCfnToh51bpkyhRtqQhM/X3RE5jrcdxaDtjaob6rzcVV3mdzERXQc5lmhmUbL4oygQxCZn+TfpcITNibAllittbCRtSRZmx6RRXhvCPNC9dv+JW7yrl2vUijgKcwhlcgA9VqMEt1KEBDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A0A7jcs=</latexit>

gi · hj = 0

<latexit sha1_base64="MjXsP0IkHSkjxQKq0DeFgKkIanc=">AAAB9XicbZBLS8NAFIUn9VXrq+rSzWARXIVECnUjFN24rGAf0MYwmUzasZNJmLlRSuj/cONCEbf+F3f+G6cPxGoPDBy+cy9zOUEquAbH+bIKK6tr6xvFzdLW9s7uXnn/oKWTTFHWpIlIVCcgmgkuWRM4CNZJFSNxIFg7GF5N8vYDU5on8hZGKfNi0pc84pSAQXd9n/domAAe+PcXjl+uuLYzFf4xjl1dJBU0V8Mvf/bChGYxk0AF0brrOil4OVHAqWDjUi/TLCV0SPqsa6wkMdNePr16jE8MCXGUKPMk4Cn9vZGTWOtRHJjJmMBA/80mcFnWzSA693Iu0wyYpLOPokxgSPCkAhxyxSiIkTGEKm5uxXRAFKFgiiotLeGfaZ3ZbtWu3VQr9ct5HUV0hI7RKXJRDdXRNWqgJqJIoSf0gl6tR+vZerPeZ6MFa75ziBZkfXwDv9OSCQ==</latexit>

GH
T = 0

<latexit sha1_base64="CB/oUVOD+FNgJ7LAWL2kUsnryqc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadlIIF6EoAdzjJAXJGuYncwmY2ZnlplZISz5By8eFPHq/3jzb5w8EKMpaCiquunuCmLOtPG8Lyeztr6xuZXdzu3s7u0f5A+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqtx6p0kyKuhnH1I/wQLCQEWys1Lyt3tevvF6+UHS9GdAP8dzSslKABWq9/Ge3L0kSUWEIx1p3il5s/BQrwwink1w30TTGZIQHtGOpwBHVfjq7doLOrNJHoVS2hEEz9fdEiiOtx1FgOyNshvqvNxVXeZ3EhJd+ykScGCrIfFGYcGQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDyq0M4R9pXrjFklu+KxUq14s4snACp3AORShDBapQgwYQeIAneIFXRzrPzpvzPm/NOIuZY1iC8/ENhSuOdA==</latexit>

wH
T = 0

<latexit sha1_base64="lIftNe3NQP3TIvuD7sanTa2mmjE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmVQLwIQS85RsgLkhhmJ7PJmNmZZWZWCUv+wYsHRbz6P978GycPxGgKGoqqbrq7gpgzbTzvy8msrW9sbmW3czu7e/sH+cOjhpaJIrROJJeqFWBNORO0bpjhtBUriqOA02Ywupn6zQeqNJOiZsYx7UZ4IFjICDZWajxW7mpXXi9f8F1vBvRDPLe4rBRggWov/9npS5JEVBjCsdZt34tNN8XKMMLpJNdJNI0xGeEBbVsqcER1N51dO0FnVumjUCpbwqCZ+nsixZHW4yiwnRE2Q/3Xm4qrvHZiwstuykScGCrIfFGYcGQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDyq0M4R9pXLh+0S3dFgvl60UcWTiBUzgHH0pQhgpUoQ4E7uEJXuDVkc6z8+a8z1szzmLmGJbgfHwDztuOpA==</latexit>

H =

0

BBBB@

h1

h2

· · ·
· · ·

hn�k

1

CCCCA

<latexit sha1_base64="CWc8Ye4pX5U0iYma+I4OS6aJmMc="></latexit>

G =

0

BB@

g1
g2
·
gk

1

CCA

<latexit sha1_base64="LOEtQBwJbwJE/MUWAD5BbcOyvEA="></latexit>

!H
T = ↵GH

T = 0

<latexit sha1_base64="I5HVNIRQTRde9qOMreNA6LOgsvo="></latexit>

H is made of basis of orthogonal space



wH
T = 0

<latexit sha1_base64="lIftNe3NQP3TIvuD7sanTa2mmjE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmVQLwIQS85RsgLkhhmJ7PJmNmZZWZWCUv+wYsHRbz6P978GycPxGgKGoqqbrq7gpgzbTzvy8msrW9sbmW3czu7e/sH+cOjhpaJIrROJJeqFWBNORO0bpjhtBUriqOA02Ywupn6zQeqNJOiZsYx7UZ4IFjICDZWajxW7mpXXi9f8F1vBvRDPLe4rBRggWov/9npS5JEVBjCsdZt34tNN8XKMMLpJNdJNI0xGeEBbVsqcER1N51dO0FnVumjUCpbwqCZ+nsixZHW4yiwnRE2Q/3Xm4qrvHZiwstuykScGCrIfFGYcGQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDyq0M4R9pXLh+0S3dFgvl60UcWTiBUzgHH0pQhgpUoQ4E7uEJXuDVkc6z8+a8z1szzmLmGJbgfHwDztuOpA==</latexit>

Ck

<latexit sha1_base64="hVAHWgt77yJEigMiaUcGwTbpFiM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGc/EY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cfJAjKagoajqprsrTKQw6HlfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Xj2sxvPXJtRKwecJLwIKJDJQaCUbTSfa037hVLvuvNQX6I55ZXlRIsUe8VP7v9mKURV8gkNabjewkGGdUomOTTQjc1PKFsTIe8Y6miETdBNj91Si6s0ieDWNtSSObq74mMRsZMotB2RhRH5q83E9d5nRQH10EmVJIiV2yxaJBKgjGZ/U36QnOGcmIJZVrYWwkbUU0Z2nQKa0P4R5pXrl92K3flUvVmGUcezuAcLsGHClThFurQAAZDeIIXeHWk8+y8Oe+L1pyznDmFFTgf3x69jbU=</latexit>

Vn

<latexit sha1_base64="I7V6uCjdErMBDSls1InkDKqpuMc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo6bOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTP3WIyrNE/lgxikGMR1IHnFGjZXumz3ZK5V915uB/BDPrSwrZVig3it9dvsJy2KUhgmqdcf3UhPkVBnOBE6K3UxjStmIDrBjqaQx6iCfnToh51bpkyhRtqQhM/X3RE5jrcdxaDtjaob6rzcVV3mdzERXQc5lmhmUbL4oygQxCZn+TfpcITNibAllittbCRtSRZmx6RRXhvCPNC9dv+JW7yrl2vUijgKcwhlcgA9VqMEt1KEBDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A0A7jcs=</latexit>

(w + e)HT = eH
T

<latexit sha1_base64="LrIMenvNKNqji0jpkTcfqUKYDjE=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQEZZdCcSLEPSSY4S8IFnD7KQ3GTI7u87MRkLId3jxoIhXP8abf+PkgRhNQTdFVTfdlB9zprTjfFmptfWNza30dmZnd2//IHt4VFdRIinUaMQj2fSJAs4E1DTTHJqxBBL6HBr+4HbqN4YgFYtEVY9i8ELSEyxglGgjefnHCzgv31evwbRONufazgz4hzh2YVnJoQUqnexnuxvRJAShKSdKtVwn1t6YSM0oh0mmnSiICR2QHrQMFSQE5Y1nT0/wmVG6OIikKaHxTP29MSahUqPQN5Mh0X3115uKq7xWooMrb8xEnGgQdH4oSDjWEZ4mgLtMAtV8ZAihkplfMe0TSag2OWVWhvCP1C9tt2AX7wq50s0ijjQ6Qacoj1xURCVURhVUQxQ9oCf0gl6tofVsvVnv89GUtdg5RkuwPr4BAwGQ+g==</latexit>

w

<latexit sha1_base64="F44IU71YcEg88FbRxEZcQgVMNYM=">AAACJHicdZDNSsNAEMc3ftb4rUcvi0XwVBJRqzfRi8cK9gOaUDbbSbq42Q27G6WEPoFXfQWfxpt48OKzuKkVWtGBgT+/mWFm/lHGmTae9+HMzS8sLi1XVtzVtfWNza3tnZaWuaLQpJJL1YmIBs4ENA0zHDqZApJGHNrR3VVZb9+D0kyKWzPMIExJIljMKDEW3Tz0tqpezRsHnhInnn9+6mN/QqpoEo3etrMe9CXNUxCGcqJ11/cyExZEGUY5jNwg15ARekcS6FopSAo6LMaXjvCBJX0cS2VTGDym0xMFSbUeppHtTIkZ6N+1Ev5V6+YmPgsLJrLcgKDfi+KcYyNx+TbuMwXU8KEVhCpmb8V0QBShxprjBn2IA0UKmyIZP1ECbgGfAdICKRLFkoEhSsmHkWsN/HEJ/y9aRzX/uFa/Oa5eXE6srKA9tI8OkY/q6AJdowZqIooAPaIn9Oy8OK/Om/P+3TrnTGZ20Uw4n1/gtaSz</latexit>

e

<latexit sha1_base64="ptMcIeY94WwPi5JnQ5UW40C2nkM="></latexit>

w + e

<latexit sha1_base64="ttMYi/ZWCD38Q2h+OQu9zaxHWGM=">AAACJnicdZDNSsNAEMc39atWq60evQSLIAghlUJ7LHrxWNF+QFPKZjtJl252w+7GUkIfwau+gk/jTcSbj+KmLWJFBwb+/GaGmfn7MaNKu+6HldvY3Nreye8W9vaLB4el8lFHiUQSaBPBhOz5WAGjHNqaaga9WAKOfAZdf3Kd1bsPIBUV/F7PYhhEOOQ0oARrg+6mFzAsVVyn5mZhVx13KVynsU4qaBWtYdkqeiNBkgi4Jgwr1a+6sR6kWGpKGMwLXqIgxmSCQ+gbyXEEapAubp3bZ4aM7EBIk1zbC/pzIsWRUrPIN50R1mP1u5bBv2r9RAeNQUp5nGjgZLkoSJithZ09bo+oBKLZzAhMJDW32mSMJSba2FPwRhB4Eqcmebh4IgPMALYGhAGCh5KGY42lFNN5wRj47dv/onPpVGtO/bZWaV6trMyjE3SKzlEV1VET3aAWaiOCQvSIntCz9WK9Wm/W+7I1Z61mjtFaWJ9fGdOlTg==</latexit>

This is the syndrome of the error

No error



Ck

<latexit sha1_base64="hVAHWgt77yJEigMiaUcGwTbpFiM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVQDwGc/EY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cfJAjKagoajqprsrTKQw6HlfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Xj2sxvPXJtRKwecJLwIKJDJQaCUbTSfa037hVLvuvNQX6I55ZXlRIsUe8VP7v9mKURV8gkNabjewkGGdUomOTTQjc1PKFsTIe8Y6miETdBNj91Si6s0ieDWNtSSObq74mMRsZMotB2RhRH5q83E9d5nRQH10EmVJIiV2yxaJBKgjGZ/U36QnOGcmIJZVrYWwkbUU0Z2nQKa0P4R5pXrl92K3flUvVmGUcezuAcLsGHClThFurQAAZDeIIXeHWk8+y8Oe+L1pyznDmFFTgf3x69jbU=</latexit>

Vn

<latexit sha1_base64="I7V6uCjdErMBDSls1InkDKqpuMc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8LbsSiMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3Th6I0RQ0FFXddHeFqeDaeN6Xs7a+sbm1Xdgp7u7tHxyWjo6bOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTP3WIyrNE/lgxikGMR1IHnFGjZXumz3ZK5V915uB/BDPrSwrZVig3it9dvsJy2KUhgmqdcf3UhPkVBnOBE6K3UxjStmIDrBjqaQx6iCfnToh51bpkyhRtqQhM/X3RE5jrcdxaDtjaob6rzcVV3mdzERXQc5lmhmUbL4oygQxCZn+TfpcITNibAllittbCRtSRZmx6RRXhvCPNC9dv+JW7yrl2vUijgKcwhlcgA9VqMEt1KEBDAbwBC/w6gjn2Xlz3ueta85i5gSW4Hx8A0A7jcs=</latexit>

w

<latexit sha1_base64="F44IU71YcEg88FbRxEZcQgVMNYM=">AAACJHicdZDNSsNAEMc3ftb4rUcvi0XwVBJRqzfRi8cK9gOaUDbbSbq42Q27G6WEPoFXfQWfxpt48OKzuKkVWtGBgT+/mWFm/lHGmTae9+HMzS8sLi1XVtzVtfWNza3tnZaWuaLQpJJL1YmIBs4ENA0zHDqZApJGHNrR3VVZb9+D0kyKWzPMIExJIljMKDEW3Tz0tqpezRsHnhInnn9+6mN/QqpoEo3etrMe9CXNUxCGcqJ11/cyExZEGUY5jNwg15ARekcS6FopSAo6LMaXjvCBJX0cS2VTGDym0xMFSbUeppHtTIkZ6N+1Ev5V6+YmPgsLJrLcgKDfi+KcYyNx+TbuMwXU8KEVhCpmb8V0QBShxprjBn2IA0UKmyIZP1ECbgGfAdICKRLFkoEhSsmHkWsN/HEJ/y9aRzX/uFa/Oa5eXE6srKA9tI8OkY/q6AJdowZqIooAPaIn9Oy8OK/Om/P+3TrnTGZ20Uw4n1/gtaSz</latexit>

Un-detectable error
Logical Gate

000 �! 111

<latexit sha1_base64="fV3MLP51XukqTiv9P9AQqwOj7Jw="></latexit>

0 �! 1

<latexit sha1_base64="XZXGQvJy9wFKyVys7iLnPSG+2/Y="></latexit>

If an error moves the state within the code space, 
 it cannot be detected. It acts like a logical gate. 



[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 is the
 Error with the shortest Hamming l

 weight.

 The syndrome only determines
 the class of possible errors. 



Quantum Error Correction
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|+i = 1p
2
(|0i+ |1i)

<latexit sha1_base64="eyBipIR6O8QyU7KqIX4Z9nJPC9w="></latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="uaNT8NJpNPA3iuI5Tb8qNCauE2I="></latexit>

Z|0i = |0i

<latexit sha1_base64="Vn9BqozNnhnZqJ/2n2HkEjMnF50="></latexit>

Z|1i = �|1i

<latexit sha1_base64="ETWtxurbqLPu4P5EPb3ScH1c8/I="></latexit>

X|+i = |+i

<latexit sha1_base64="jyGY4PELZdifvSXWq8JMgc7EZ30="></latexit>

X|�i = �|�i

<latexit sha1_base64="u6TwN/Dw92bGA+CP+OdqF2HQ+FM="></latexit>

X|0i = |1i

<latexit sha1_base64="teSJkWxwc/rCAeZXs5wx/qM9Lh4="></latexit>

X|1i = |0i

<latexit sha1_base64="xSTH6zA4+7sk8lVLYZDFQRSze9g="></latexit>

Z|+i = |�i

<latexit sha1_base64="IMrwyKJ41A5zASitMqalk7CuvKw="></latexit>

Z|�i = |+i

<latexit sha1_base64="j3+D+Lq13rdtslgvmp8FCLt8JOg="></latexit>

Notations
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Z|0i = |0i

<latexit sha1_base64="Vn9BqozNnhnZqJ/2n2HkEjMnF50="></latexit>

Z|1i = �|1i

<latexit sha1_base64="ETWtxurbqLPu4P5EPb3ScH1c8/I="></latexit>

X|0i = |1i

<latexit sha1_base64="teSJkWxwc/rCAeZXs5wx/qM9Lh4="></latexit>

X|1i = |0i

<latexit sha1_base64="xSTH6zA4+7sk8lVLYZDFQRSze9g="></latexit>

Zt|si = (�1)ts|si

<latexit sha1_base64="7BPXcZx58vs4ieo0QPyMTxO8Pco="></latexit>

Xt|si = |s+ ti

<latexit sha1_base64="EZ5cNcYCFzbeAvQXDuWVkDorj9w="></latexit>
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⌦ = I ⌦ U0 +X ⌦ U1 + Y ⌦ U2 + Z ⌦ U3

<latexit sha1_base64="hn8zi0FMR15NfmLgQbqRTshym10="></latexit>

⌦(| i ⌦ |ei) = | i ⌦ U0|e0i+X| i ⌦ |e1i+ Y | i ⌦ |e2i+ Z| i ⌦ |e3i

<latexit sha1_base64="/g9dkOSQSHzJ25p3h50L2weccgk="></latexit>

⌦

<latexit sha1_base64="6PjQyQmDuCmlBXOvHBy0J5sZ+qo=">AAACKXicbZDNSsNAEMc3flutn0cvwSJ4KqkU6lH04s0KtgpNkMlmkq7d7IbdjVJC38GrvoJP4029+iJu0yJWHRj48/vPMB9hxpk2nvfuzM0vLC4tr6xW1tarG5tb2ztdLXNFsUMll+omBI2cCewYZjjeZAohDTleh4OzsX99j0ozKa7MMMMghUSwmFEwFnX9ixQTuN2qNepeGe638OrNWVIj02jfbjtVP5I0T1EYykHrXsPLTFCAMoxyHFX8XGMGdAAJ9qwUkKIOinLdkXtgSeTGUtkUxi3pz44CUq2HaWgrUzB9/dsbw/+8Xm7i46BgIssNCjoZFOfcNdId3+5GTCE1fGgFUMXsri7tgwJq7IcqfoSxr6CwKZLyiDHgFvAZIC2QIlEs6RtQSj6MKv8+8I/oHtUbzXrrslk7OZ2+coXskX1ySBqkRU7IOWmTDqHkjjySJ/LsvDivzpvzMSmdc6Y9u2QmnM8vrn6mow==</latexit>

P (X) = he1|e1i

<latexit sha1_base64="nomqLI8XZQNEV/RRKSsyig+5jgM="></latexit>

P (Y ) = he2|e2i

<latexit sha1_base64="1VRwIIZLQMoYs5cXebKMYT+JV3c="></latexit>

P (Z) = he3|e3i

<latexit sha1_base64="Pay18r4+ZVCvVh3pjA02M5SnsTQ="></latexit>

Quantum errors are NOT continuous, they are discrete

The first insight
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|0i �! |00i

<latexit sha1_base64="wwd+uy8pK2MA9izEPbK2XrJ+RuI="></latexit>

|1i �! |11i

<latexit sha1_base64="Z1erNTEFAy/JuXWFvjatW3ogaIo="></latexit>

a|0i+ b|1i �! a|00i+ b|11i

<latexit sha1_base64="EUHa/oPl57sUPU9XxGFm6BKEmE8="></latexit>

The simplest example of a 
quantum code
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a|0i+ b|1i �! a|00i+ b|11i

<latexit sha1_base64="EUHa/oPl57sUPU9XxGFm6BKEmE8="></latexit>

| i =

<latexit sha1_base64="xNnNcSkpbvwlWfyRfQ77nhfxQ3I=">AAAB9HicbZBLS8NAFIVv6qvWV9Wlm2ARXIVUCnUjFN24rGAf0IQymd60QyeTODMplNjf4caFIm79Me78N04fiNUeGDh8517mcoKEM6Vd98vKra1vbG7ltws7u3v7B8XDo6aKU0mxQWMey3ZAFHImsKGZ5thOJJIo4NgKhjfTvDVCqVgs7vU4QT8ifcFCRok2yH/0EsU8SUSf41W3WCo77kz2j3GdyjIpwUL1bvHT68U0jVBoyolSnbKbaD8jUjPKcVLwUoUJoUPSx46xgkSo/Gx29MQ+M6Rnh7E0T2h7Rn9vZCRSahwFZjIieqD+ZlO4KuukOrz0MyaSVKOg84/ClNs6tqcN2D0mkWo+NoZQycytNh0QSag2PRVWlvDPNC+ccsWp3lVKtetFHXk4gVM4hzJUoQa3UIcGUHiAJ3iBV2tkPVtv1vt8NGctdo5hSdbHN/6FkkI=</latexit>

= | i

<latexit sha1_base64="agk7sq3urcSDML/JudSIIuapACc=">AAACAXicbVBNS8MwGE79nPOr6kXwUhyCp9LJYF6EoRePE9wHrGWk2dstLE1Kkgqjzot/xYsHRbz6L7z5b0y3IU73QODh+SDJEyaMKu15X9bS8srq2npho7i5tb2za+/tN5VIJYEGEUzIdogVMMqhoalm0E4k4Dhk0AqHV7nfugOpqOC3epRAEOM+pxElWBupax9e3PvCBPJ+5ieKjn2JeZ9B1y6VXW8C54d4bmVeKaEZ6l370+8JksbANWFYqU7ZS3SQYakpYTAu+qmCBJMh7kPHUI5jUEE2+cHYOTFKz4mENIdrZ6L+bmQ4VmoUhyYZYz1Qf71cXOR1Uh2dBxnlSaqBk+lFUcocLZx8DqdHJRDNRoZgIql5q0MGWGKizWjFhSP8I80zt1xxqzeVUu1yNkcBHaFjdIrKqIpq6BrVUQMR9ICe0At6tR6tZ+vNep9Gl6xZ5wDNwfr4BoZol5k=</latexit>

Z1Z2| i = | i

<latexit sha1_base64="PGE6ZRqbIkzas+THbrtbWYgti2Q=">AAACHnicdVDNS8MwHE39nPOr6tFLcAieSjsm8yIMvXic4D7YWkqapVtYmpYkFUbdX+LFf8WLB0UET/rfmG5DnM4Hgcd77/dL8oKEUals+9NYWl5ZXVsvbBQ3t7Z3ds29/aaMU4FJA8csFu0AScIoJw1FFSPtRBAUBYy0guFl7rduiZA05jdqlBAvQn1OQ4qR0pJvnnZ8p+OX79xYp/IlmZtIOnYF4n1Gzv/RfbPkWPYE8JvYVmVeKYEZ6r757vZinEaEK8yQlF3HTpSXIaEoZmRcdFNJEoSHqE+6mnIUEellk++N4bFWejCMhT5cwYn6cyJDkZSjKNDJCKmB/O3l4iKvm6rwzMsoT1JFOJ5eFKYMqhjmXcEeFQQrNtIEYUH1WyEeIIGw0o0WF5bwhzTLllOxqteVUu1iVkcBHIIjcAIcUAU1cAXqoAEwuAeP4Bm8GA/Gk/FqvE2jS8Zs5gDMwfj4AufDpEE=</latexit>



X1

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

a|00i+ b|11i

<latexit sha1_base64="xqQtCDLctbv8DdhTXZW/U26WsXo=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARBKEkUq3uim5cVrAPaIeSSTNtaCYzJBmhTLvxV9y4UMStn+HOvzFtR6iiBy4czrmXe+/xY8G1QejTWVhcWl5Zza3l1zc2t7bdnd26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB9cRv3DOleSTvzDBmXkh6kgecEmOljrtPRgi1FZE9wU78EcYZ77gFVERTwDlyhvDlOYY4UwogQ7XjfrS7EU1CJg0VROsWRrHxUqIMp4KN8+1Es5jQAemxlqWShEx76fSBMTyyShcGkbIlDZyq8xMpCbUehr7tDInp69/eRPzLayUmuPBSLuPEMElni4JEQBPBSRqwyxWjRgwtIVRxeyukfaIINTazvA3h+1P4P6mfFnGpWL4tFSpXWRw5cAAOwTHAoAwq4AZUQQ1QMAaP4Bm8OA/Ok/PqvM1aF5xsZg/8gPP+Be94lgM=</latexit>

a|10i+ b|01i

<latexit sha1_base64="SD9MxDdXEPUkjXWyyC+z6cExLfA=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARBKEkUq3uim5cVrAPaIeSSTNtaCYzJBmhTLvxV9y4UMStn+HOvzFtR6iiBy4czrmXe+/xY8G1QejTWVhcWl5Zza3l1zc2t7bdnd26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB9cRv3DOleSTvzDBmXkh6kgecEmOljrtPRhi1FZE9wU78EcIZ77gFVERTwDlyhvDlOYY4UwogQ7XjfrS7EU1CJg0VROsWRrHxUqIMp4KN8+1Es5jQAemxlqWShEx76fSBMTyyShcGkbIlDZyq8xMpCbUehr7tDInp69/eRPzLayUmuPBSLuPEMElni4JEQBPBSRqwyxWjRgwtIVRxeyukfaIINTazvA3h+1P4P6mfFnGpWL4tFSpXWRw5cAAOwTHAoAwq4AZUQQ1QMAaP4Bm8OA/Ok/PqvM1aF5xsZg/8gPP+Be+ElgM=</latexit>

a|01i+ b|10i

<latexit sha1_base64="EVJvNKGSxAME7BtEW6QcdgX/T2A=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARBKEkUq3uim5cVrAPaIeSSTNtaCYzJBmhTLvxV9y4UMStn+HOvzFtR6iiBy4czrmXe+/xY8G1QejTWVhcWl5Zza3l1zc2t7bdnd26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB9cRv3DOleSTvzDBmXkh6kgecEmOljrtPRgi3FZE9wU78EUYZ77gFVERTwDlyhvDlOYY4UwogQ7XjfrS7EU1CJg0VROsWRrHxUqIMp4KN8+1Es5jQAemxlqWShEx76fSBMTyyShcGkbIlDZyq8xMpCbUehr7tDInp69/eRPzLayUmuPBSLuPEMElni4JEQBPBSRqwyxWjRgwtIVRxeyukfaIINTazvA3h+1P4P6mfFnGpWL4tFSpXWRw5cAAOwTHAoAwq4AZUQQ1QMAaP4Bm8OA/Ok/PqvM1aF5xsZg/8gPP+Be+ElgM=</latexit>

X2

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

Z1Z2 = 1

<latexit sha1_base64="rNOXqMIZGBJSqw0d3PsrAdXS23A=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgKiSlUDdC0Y3LCvZB2xAm00k7dDJJZyZCCf0JNy4UcevvuPNvnD4Qqz1w4XDOvdx7T5BwprTjfFm5jc2t7Z38bmFv/+DwqHh80lRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqd+a1HKhWLxYOeJNSL8ECwkBGsjdTu+G7HL1+7frHk2s4c6Ic4dmVVKcESdb/42evHJI2o0IRjpbquk2gvw1Izwum00EsVTTAZ4QHtGipwRJWXze+doguj9FEYS1NCo7n6eyLDkVKTKDCdEdZD9debieu8bqrDKy9jIkk1FWSxKEw50jGaPY/6TFKi+cQQTCQztyIyxBITbSIqrA3hH2mWbbdiV+8rpdrNMo48nME5XIILVajBHdShAQQ4PMELvFpj69l6s94XrTlrOXMKK7A+vgG1NY8d</latexit>

Z1Z2 = �1

<latexit sha1_base64="d8dfzk8GCKwKeXwtQpBWqI6sdik=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgxpCUQt0IRTcuK9iHbUOYTCft0JkkzEyEEvoVblwo4tbPceffOH0gVnvgwuGce7n3niDhTGnH+bJya+sbm1v57cLO7t7+QfHwqKniVBLaIDGPZTvAinIW0YZmmtN2IikWAaetYHQz9VuPVCoWR/d6nFBP4EHEQkawNtJDx3c7fvnqwvWLJdd2ZkA/xLEry0oJFqj7xc9ePyapoJEmHCvVdZ1EexmWmhFOJ4VeqmiCyQgPaNfQCAuqvGx28ASdGaWPwliaijSaqb8nMiyUGovAdAqsh+qvNxVXed1Uh5dexqIk1TQi80VhypGO0fR71GeSEs3HhmAimbkVkSGWmGiTUWFlCP9Is2y7Fbt6VynVrhdx5OEETuEcXKhCDW6hDg0gIOAJXuDVktaz9Wa9z1tz1mLmGJZgfXwDIKmPVA==</latexit>

Z1Z2 = �1

<latexit sha1_base64="d8dfzk8GCKwKeXwtQpBWqI6sdik=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgxpCUQt0IRTcuK9iHbUOYTCft0JkkzEyEEvoVblwo4tbPceffOH0gVnvgwuGce7n3niDhTGnH+bJya+sbm1v57cLO7t7+QfHwqKniVBLaIDGPZTvAinIW0YZmmtN2IikWAaetYHQz9VuPVCoWR/d6nFBP4EHEQkawNtJDx3c7fvnqwvWLJdd2ZkA/xLEry0oJFqj7xc9ePyapoJEmHCvVdZ1EexmWmhFOJ4VeqmiCyQgPaNfQCAuqvGx28ASdGaWPwliaijSaqb8nMiyUGovAdAqsh+qvNxVXed1Uh5dexqIk1TQi80VhypGO0fR71GeSEs3HhmAimbkVkSGWmGiTUWFlCP9Is2y7Fbt6VynVrhdx5OEETuEcXKhCDW6hDg0gIOAJXuDVktaz9Wa9z1tz1mLmGJZgfXwDIKmPVA==</latexit>

This is an error-detecting code,  
We do not know which error has occurred.
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|0i �! |000i

<latexit sha1_base64="adUdNjccRQVYlKojxIe6F5nREaE=">AAACDXicbZDLSgMxGIUzXmu9jbp0E6yCqyEjhbosunFZwV6gM5RMmpmGZpIhyShl2hdw46u4caGIW/fufBunF8VqDwQO3/l/kpwg4UwbhD6tpeWV1bX1wkZxc2t7Z9fe229omSpC60RyqVoB1pQzQeuGGU5biaI4DjhtBv3Lcd68pUozKW7MIKF+jCPBQkawyVHHPh4iT2ERcepxKSLFop7BSsk7OEToO+rYJddBE8Efg5zyPCmBmWod+8PrSpLGVBjCsdZtFyXGz7AyjHA6KnqppgkmfRzRdm4Fjqn2s8lvRvAkJ10YSpUfYeCE/t7IcKz1IA7yyRibnv6bjeGirJ2a8NzPmEhSQwWZXhSmHBoJx9XALlOUGD7IDSaK5W+FpIcVJiYvsLiwhH+mcea4ZadyXS5VL2Z1FMAhOAKnwAUVUAVXoAbqgIB78AiewYv1YD1Zr9bbdHTJmu0cgDlZ71+4hpv6</latexit>

|1i �! |111i

<latexit sha1_base64="O4/KjAIIXCjWYGULCGW0eZGCaFA=">AAACDXicbZDLSgMxGIUzXmu9jbp0E6yCq2FGCnVZdOOygr1AZyiZNDMNzSRDklHKtC/gxldx40IRt+7d+TamF8VqDwQO3/l/kpwwZVRp1/20lpZXVtfWCxvFza3tnV17b7+hRCYxqWPBhGyFSBFGOalrqhlppZKgJGSkGfYvx3nzlkhFBb/Rg5QECYo5jShG2qCOfTz0fIl4zIjPBI8ljXsaSSnu4NDzvqOOXfIcdyL4Y1ynPE9KYKZax/7wuwJnCeEaM6RU23NTHeRIaooZGRX9TJEU4T6KSdtYjhKignzymxE8MaQLIyHN4RpO6O+NHCVKDZLQTCZI99TfbAwXZe1MR+dBTnmaacLx9KIoY1ALOK4GdqkkWLOBMQhLat4KcQ9JhLUpsLiwhH+mceZ4ZadyXS5VL2Z1FMAhOAKnwAMVUAVXoAbqAIN78AiewYv1YD1Zr9bbdHTJmu0cgDlZ71++0Jv+</latexit>

a|0i+ b|1i �! a|000i+ b|111i

<latexit sha1_base64="Bz4V9LDBkQpfUw9puy2u6eTcdA4=">AAACKHicbVBdSwJBFJ3t0+zL6rGXIQmCQHZDsLekXno0yA9QkbvjuA7Oziwzs4WoP6eX/kovEUX42i9p1C20PHDhcM65zNzjR5xp47pjZ2V1bX1jM7WV3t7Z3dvPHBxWtIwVoWUiuVQ1HzTlTNCyYYbTWqQohD6nVb93M/GrD1RpJsW96Ue0GUIgWIcRMFZqZa5g6DYUiIDTc3/oJRQ3uBSBYkHXgFLyEduUO5/zfpKtTNbLuVPgX+Lm8otKFiUotTJvjbYkcUiFIRy0rntuZJoDUIYRTkfpRqxpBKQHAa1bKiCkujmYHjrCp1Zp445UdoTBU3V+YwCh1v3Qt8kQTFf/9SbiMq8em85lc8BEFBsqyOyhTsyxkXjSGm4zRYnhfUuAKGb/ikkXFBBju00vLeEfqVzkvHyucJfPFq+TOlLoGJ2gM+ShAiqiW1RCZUTQE3pB7+jDeXZenU9nPIuuOMnOEVqA8/UNxpmmag==</latexit>

A better code
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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>

We determine only the error not the state itself.
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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>
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Z1Z2

<latexit sha1_base64="QKPCXZ8FXQrni2DwXK8rwRHtA+o="></latexit>

X1

<latexit sha1_base64="uJE7/SmyenHpeKB/4GQ0H3xddLE="></latexit>

X2

<latexit sha1_base64="LObsnUiDRugCtfLqngfzGMDMU+c="></latexit>

X3

<latexit sha1_base64="uifvNlkjvfS3DfNFJkeb02wxtcA="></latexit>

I

<latexit sha1_base64="ncZ8GblHOLQx1jkMPRwHgF2Cn8Y="></latexit>

+1

-1

-1

+1

-1

+1

-1

+1

Z2Z3

<latexit sha1_base64="CTVa/++MSBsNd95RlrNoqmUNOqc=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxULsrunFZwT5oG8JkOmnHTiZhZiKU0H9w40IRt/6PO//G6YOiogcuHM65l3vvCVPOlEbo0yqsrW9sbhW3Szu7e/sH5cOjlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD8fXMbz9QqVgi7vQkpX6Mh4JFjGBtpFY3cLvBRVCuINtDBh50bDQHRHatVnORu1IqYIlGUP7oDxKSxVRowrFSPQel2s+x1IxwOi31M0VTTMZ4SHuGChxT5efza6fwzCgDGCXSlNBwrn6fyHGs1CQOTWeM9Uj99mbiX14v09GlnzORZpoKslgUZRzqBM5ehwMmKdF8YggmkplbIRlhiYk2AZVMCKvf/yct13Y8u3rrVepXyziK4AScgnPggCqogxvQAE1AwD14BM/gxUqsJ+vVelu0FqzlzDH4Aev9C/RJjr8=</latexit>

Syndromes.

Bit flip errors
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|0i

<latexit sha1_base64="D6gA+7N1DKIGPoEWgUamAvZE+gs=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHCOYhyRJmJ7PJkNnZZWZWCGu+wosHRbz6Od78GycPgooWNBRV3XR3BYng2mD86eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Z0jyWt2aSMD8iQ8lDTomx0t0D7ikih4L1iyXsVrBFBXkungNht1arlXF5pZRgiUa/+NEbxDSNmDRUEK27Hk6MnxFlOBVsWuilmiWEjsmQdS2VJGLaz+YHT9GZVQYojJUtadBc/T6RkUjrSRTYzoiYkf7tzcS/vG5qwgs/4zJJDZN0sShMBTIxmn2PBlwxasTEEkIVt7ciOiKKUGMzKtgQVr//T1pl16u41ZtKqX65jCMPJ3AK5+BBFepwDQ1oAoUIHuEZXhzlPDmvztuiNecsZ47hB5z3L/GhkIc=</latexit>

a|0i+ b|1i

<latexit sha1_base64="e/L7zWRr7unShiaQGoaett+KtNA=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEQQiTEqjdFd24rGAf0IYymU7aoZNJmJkIJS34K25cKOLW73Dn3zhtg6jogQuHc+7l3nuChDOlEfqwCiura+sbxc3S1vbO7p69f9BScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC+mvvtOyoVi8WtniTUj/BQsJARrI3Ut4/wFPUkFkNOz4Opm9O+XUaOhww86DpoAYicWq1WQZUvpQxyNPr2e28QkzSiQhOOleq6KNF+hqVmhNNZqZcqmmAyxkPaNVTgiCo/W5w/g6dGGcAwlqaEhgv1+0SGI6UmUWA6I6xH6rc3F//yuqkOL/yMiSTVVJDlojDlUMdwngUcMEmJ5hNDMJHM3ArJCEtMtEmsZEL4+v1/0qo4rudUb7xy/TKPowiOwQk4Ay6ogjq4Bg3QBARk4AE8gWfr3nq0XqzXZWvBymcOwQ9Yb58hOpWg</latexit>

|0i

<latexit sha1_base64="D6gA+7N1DKIGPoEWgUamAvZE+gs=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHCOYhyRJmJ7PJkNnZZWZWCGu+wosHRbz6Od78GycPgooWNBRV3XR3BYng2mD86eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Z0jyWt2aSMD8iQ8lDTomx0t0D7ikih4L1iyXsVrBFBXkungNht1arlXF5pZRgiUa/+NEbxDSNmDRUEK27Hk6MnxFlOBVsWuilmiWEjsmQdS2VJGLaz+YHT9GZVQYojJUtadBc/T6RkUjrSRTYzoiYkf7tzcS/vG5qwgs/4zJJDZN0sShMBTIxmn2PBlwxasTEEkIVt7ciOiKKUGMzKtgQVr//T1pl16u41ZtKqX65jCMPJ3AK5+BBFepwDQ1oAoUIHuEZXhzlPDmvztuiNecsZ47hB5z3L/GhkIc=</latexit>

(a|00i+ b|11i)|0i

<latexit sha1_base64="84JTjV1CuYe7Ls2mZl+tSWrSLVc=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1qEijBkykDtrujGZQV7gXYomTRtQzOZIckIZdq9G1/FjQtF3PoC7nwb04tFRX8I/HznHE7OH8ScKY3Qh7Wyura+sZnZym7v7O7t2weHdRUlktAaiXgkmwFWlDNBa5ppTpuxpDgMOG0Ew8tpvXFLpWKRuNGjmPoh7gvWYwRrgzp2roDHCLUlFn1Oz4Kx6y786fiLduw8cjxk5EHXQTNB5JTL5SIqLkkeLFTt2O/tbkSSkApNOFaq5aJY+ymWmhFOJ9l2omiMyRD3actYgUOq/HR2ywSeGNKFvUiaJzSc0e8TKQ6VGoWB6QyxHqjftSn8q9ZKdO/cT5mIE00FmS/qJRzqCE6DgV0mKdF8ZAwmkpm/QjLAEhNt4suaEJa3/2/qRcf1nNK1l69cLOLIgGOQAwXgghKogCtQBTVAwB14AE/g2bq3Hq0X63XeumItZo7AD1lvn9VAmlU=</latexit>

a|000i+ b|111i

<latexit sha1_base64="XwUU0VZuCV9StnyKHYMnbfjEDbY=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEQRgyZaB2V3TjsoJ9QDuUTJq2oZnMkGSEMi1u/BU3LhRx61e4829M26Go6IELJ+fcS+49QcyZ0gh9WrmV1bX1jfxmYWt7Z3fP3j9oqCiRhNZJxCPZCrCinAla10xz2oolxWHAaTMYXc385h2VikXiVo9j6od4IFifEayN1LWP8AQh1JFYDDg9Dyau62aPrl1EjmdM5EHXQXNA5FQqlRIqLZUiyFDr2h+dXkSSkApNOFaq7aJY+ymWmhFOp4VOomiMyQgPaNtQgUOq/HR+whSeGqUH+5E0JTScq98nUhwqNQ4D0xliPVS/vZn4l9dOdP/CT5mIE00FWXzUTzjUEZzlAXtMUqL52BBMJDO7QjLEEhNtUiuYEJa3/08aJcf1nPKNV6xeZnHkwTE4AWfABWVQBdegBuqAgHvwCJ7Bi/VgPVmv1tuiNWdlM4fgB6z3L/Lqloo=</latexit>

Encoding Circuit
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i

<latexit sha1_base64="GS/uS20WvoPlRe06vXRVc3c9yQE=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHBMwDkiXMTmaTMbOzy8ysEJZ8gRcPinj1k7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks78w0YX5ERpKHnBJjpSYfFEvYrWCLCvJcvADCbq1WK+PyWinBCo1B8aM/jGkaMWmoIFr3PJwYPyPKcCrYrNBPNUsInZAR61kqScS0ny0OnaELqwxRGCtb0qCF+n0iI5HW0yiwnRExY/3bm4t/eb3UhFd+xmWSGibpclGYCmRiNP8aDbli1IipJYQqbm9FdEwUocZmU7AhrH//n7TLrldxq81KqX69iiMPZ3AOl+BBFepwCw1oAQUGj/AML8698+S8Om/L1pyzmjmFH3DevwAMBI0f</latexit>

j

<latexit sha1_base64="xQw+NJBJFjzd7d/xEVcLH89Roj8=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbB05Ithdpb0YvHFmwrtEvJptk2bTa7JFmhLP0FXjwo4tWf5M1/Y/pBUdEHA4/3ZpiZFySCa4Pxp5Pb2Nza3snvFvb2Dw6PiscnbR2nirIWjUWs7gOimeCStQw3gt0nipEoEKwTTG7mfueBKc1jeWemCfMjMpQ85JQYKzXH/WIJuxVsUUGeixdA2K3VamVcXislWKHRL370BjFNIyYNFUTrrocT42dEGU4FmxV6qWYJoRMyZF1LJYmY9rPFoTN0YZUBCmNlSxq0UL9PZCTSehoFtjMiZqR/e3PxL6+bmvDKz7hMUsMkXS4KU4FMjOZfowFXjBoxtYRQxe2tiI6IItTYbAo2hPXv/5N22fUqbrVZKdWvV3Hk4QzO4RI8qEIdbqEBLaDA4BGe4cUZO0/Oq/O2bM05q5lT+AHn/QsNiI0g</latexit>

0

<latexit sha1_base64="yTv/+KTXxGuhw6F2ZP7i6Vw+x5A=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHBMwDkiXMTmaTMbOzy8ysEJZ8gRcPinj1k7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks78w0YX5ERpKHnBJjpSYeFEvYrWCLCvJcvADCbq1WK+PyWinBCo1B8aM/jGkaMWmoIFr3PJwYPyPKcCrYrNBPNUsInZAR61kqScS0ny0OnaELqwxRGCtb0qCF+n0iI5HW0yiwnRExY/3bm4t/eb3UhFd+xmWSGibpclGYCmRiNP8aDbli1IipJYQqbm9FdEwUocZmU7AhrH//n7TLrldxq81KqX69iiMPZ3AOl+BBFepwCw1oAQUGj/AML8698+S8Om/L1pyzmjmFH3DevwC1kYzm</latexit>

i+ j

<latexit sha1_base64="hXs8mWdRAh5LmgK13TrIFbOz48o=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoMgCMskLMTcgl48RjQPSJYwO5lNRmdnl5lZISz5BC8eFPHqF3nzb5w8CCpa0FBUddPdFSSCa4Pxp5NbWV1b38hvFra2d3b3ivsHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH95dTv/3AlOaxvDXjhPkRGUoeckqMlW742V2/WMKuhy08VHbxDAi7tVqtgitLpQQLNPrFj94gpmnEpKGCaN0t48T4GVGGU8EmhV6qWULoPRmyrqWSREz72ezUCTqxygCFsbIlDZqp3ycyEmk9jgLbGREz0r+9qfiX101NeO5nXCapYZLOF4WpQCZG07/RgCtGjRhbQqji9lZER0QRamw6BRvC8vf/Savilj23eu2V6heLOPJwBMdwCmWoQh2uoAFNoDCER3iGF0c4T86r8zZvzTmLmUP4Aef9Cziujcg=</latexit>

i

<latexit sha1_base64="GS/uS20WvoPlRe06vXRVc3c9yQE=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHBMwDkiXMTmaTMbOzy8ysEJZ8gRcPinj1k7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks78w0YX5ERpKHnBJjpSYfFEvYrWCLCvJcvADCbq1WK+PyWinBCo1B8aM/jGkaMWmoIFr3PJwYPyPKcCrYrNBPNUsInZAR61kqScS0ny0OnaELqwxRGCtb0qCF+n0iI5HW0yiwnRExY/3bm4t/eb3UhFd+xmWSGibpclGYCmRiNP8aDbli1IipJYQqbm9FdEwUocZmU7AhrH//n7TLrldxq81KqX69iiMPZ3AOl+BBFepwCw1oAQUGj/AML8698+S8Om/L1pyzmjmFH3DevwAMBI0f</latexit>

j

<latexit sha1_base64="xQw+NJBJFjzd7d/xEVcLH89Roj8=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbB05Ithdpb0YvHFmwrtEvJptk2bTa7JFmhLP0FXjwo4tWf5M1/Y/pBUdEHA4/3ZpiZFySCa4Pxp5Pb2Nza3snvFvb2Dw6PiscnbR2nirIWjUWs7gOimeCStQw3gt0nipEoEKwTTG7mfueBKc1jeWemCfMjMpQ85JQYKzXH/WIJuxVsUUGeixdA2K3VamVcXislWKHRL370BjFNIyYNFUTrrocT42dEGU4FmxV6qWYJoRMyZF1LJYmY9rPFoTN0YZUBCmNlSxq0UL9PZCTSehoFtjMiZqR/e3PxL6+bmvDKz7hMUsMkXS4KU4FMjOZfowFXjBoxtYRQxe2tiI6IItTYbAo2hPXv/5N22fUqbrVZKdWvV3Hk4QzO4RI8qEIdbqEBLaDA4BGe4cUZO0/Oq/O2bM05q5lT+AHn/QsNiI0g</latexit>

i

<latexit sha1_base64="GS/uS20WvoPlRe06vXRVc3c9yQE=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHBMwDkiXMTmaTMbOzy8ysEJZ8gRcPinj1k7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks78w0YX5ERpKHnBJjpSYfFEvYrWCLCvJcvADCbq1WK+PyWinBCo1B8aM/jGkaMWmoIFr3PJwYPyPKcCrYrNBPNUsInZAR61kqScS0ny0OnaELqwxRGCtb0qCF+n0iI5HW0yiwnRExY/3bm4t/eb3UhFd+xmWSGibpclGYCmRiNP8aDbli1IipJYQqbm9FdEwUocZmU7AhrH//n7TLrldxq81KqX69iiMPZ3AOl+BBFepwCw1oAQUGj/AML8698+S8Om/L1pyzmjmFH3DevwAMBI0f</latexit>

Measurement of Z1Z2

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

CNOT |i, ji = |i, i+ ji

<latexit sha1_base64="Y3Bq6HnqYvxMlaUhndRZSAm5Dvs="></latexit>

If           then          = 0. So the last bit measures        . i = j

<latexit sha1_base64="c3ZD1wNoNO5YuMVJHJ5hnCrJ8Xg=">AAACJnicbZDLSsNAFIYn9Vaj1VaXboJFcBUSKdSNUHTjsqK9QBvKZDJJx05mwsxEKaGP4FZfwadxJ+LOR3GSFrHaAwd+vv8czsVPKJHKcT6N0tr6xuZWedvc2a3s7VdrB13JU4FwB3HKRd+HElPCcEcRRXE/ERjGPsU9f3KV+70HLCTh7E5NE+zFMGIkJAgqjW7Jxf2oWndtpwjrRzh2Y5nUwSLao5pRGQYcpTFmClEo5cB1EuVlUCiCKJ6Zw1TiBKIJjPBASwZjLL2s2HVmnWgSWCEXOpmyCvq7I4OxlNPY15UxVGP518vhKm+QqvDcywhLUoUZmg8KU2opbuWHWwERGCk61QIiQfSuFhpDAZHS7zGHAQ6HAmY6WVQckQOqAV0CXAPOIkGisYJC8MeZufKB/0T3zHYbdvOmUW9dLl5ZBkfgGJwCFzRBC1yDNugABCLwBJ7Bi/FqvBnvxse8tGQseg7BUhhf3x29pVA=</latexit>

i+ j

<latexit sha1_base64="d666SvdspykzCQ1NUou2HgP7g8c=">AAACJnicbZDLSsNAFIYn9Vaj1VaXboJFEISQSKEui25cVrQXaEOZTCbp2MlMmJkoJfQR3Oor+DTuRNz5KE7SIlZ74MDP95/DufgJJVI5zqdRWlvf2Nwqb5s7u5W9/WrtoCt5KhDuIE656PtQYkoY7iiiKO4nAsPYp7jnT65yv/eAhSSc3alpgr0YRoyEBEGl0S05ux9V667tFGH9CMduLJM6WER7VDMqw4CjNMZMIQqlHLhOorwMCkUQxTNzmEqcQDSBER5oyWCMpZcVu86sE00CK+RCJ1NWQX93ZDCWchr7ujKGaiz/ejlc5Q1SFV54GWFJqjBD80FhSi3FrfxwKyACI0WnWkAkiN7VQmMoIFL6PeYwwOFQwEwni4ojckA1oEuAa8BZJEg0VlAI/jgzVz7wn+ie227Dbt406q3LxSvL4Agcg1PggiZogWvQBh2AQASewDN4MV6NN+Pd+JiXloxFzyFYCuPrG/4cpT4=</latexit>

Z1Z2

<latexit sha1_base64="NoqSqcJwvpFx4Jt0lZru64xVWq0=">AAACKXicbZDLSsNAFIYnXmu12urSTbAIrkJSCnVZdOOygr3QJoTJZJKOncyEmYlSQt/Brb6CT+NO3foiTtMiVnvgwM/3n8O5BCklUtn2h7GxubW9s1vaK+8fVA6PqrXjnuSZQLiLOOViEECJKWG4q4iieJAKDJOA4n4wuZ77/QcsJOHsTk1T7CUwZiQiCCqNekPfGfoNv1p3LLsI80fYVnOV1MEyOn7NqLghR1mCmUIUSjly7FR5ORSKIIpnZTeTOIVoAmM80pLBBEsvL9admeeahGbEhU6mzIL+7shhIuU0CXRlAtVY/vXmcJ03ylR06eWEpZnCDC0GRRk1FTfnt5shERgpOtUCIkH0riYaQwGR0h8quyGOXAFznSwujpgDqgFdAVwDzmJB4rGCQvDHWXntA/+JXsNymlbrtllvXy1fWQKn4AxcAAe0QBvcgA7oAgTuwRN4Bi/Gq/FmvBufi9INY9lzAlbC+PoG6dOmMw==</latexit>
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0

<latexit sha1_base64="yTv/+KTXxGuhw6F2ZP7i6Vw+x5A=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHBMwDkiXMTmaTMbOzy8ysEJZ8gRcPinj1k7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks78w0YX5ERpKHnBJjpSYeFEvYrWCLCvJcvADCbq1WK+PyWinBCo1B8aM/jGkaMWmoIFr3PJwYPyPKcCrYrNBPNUsInZAR61kqScS0ny0OnaELqwxRGCtb0qCF+n0iI5HW0yiwnRExY/3bm4t/eb3UhFd+xmWSGibpclGYCmRiNP8aDbli1IipJYQqbm9FdEwUocZmU7AhrH//n7TLrldxq81KqX69iiMPZ3AOl+BBFepwCw1oAQUGj/AML8698+S8Om/L1pyzmjmFH3DevwC1kYzm</latexit>

0

<latexit sha1_base64="yTv/+KTXxGuhw6F2ZP7i6Vw+x5A=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHBMwDkiXMTmaTMbOzy8ysEJZ8gRcPinj1k7z5N04eBBUtaCiquunuChLBtcH408ltbG5t7+R3C3v7B4dHxeOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCyc3c7zwwpXks78w0YX5ERpKHnBJjpSYeFEvYrWCLCvJcvADCbq1WK+PyWinBCo1B8aM/jGkaMWmoIFr3PJwYPyPKcCrYrNBPNUsInZAR61kqScS0ny0OnaELqwxRGCtb0qCF+n0iI5HW0yiwnRExY/3bm4t/eb3UhFd+xmWSGibpclGYCmRiNP8aDbli1IipJYQqbm9FdEwUocZmU7AhrH//n7TLrldxq81KqX69iiMPZ3AOl+BBFepwCw1oAQUGj/AML8698+S8Om/L1pyzmjmFH3DevwC1kYzm</latexit>

a|000i+ b|111i

<latexit sha1_base64="XwUU0VZuCV9StnyKHYMnbfjEDbY=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEQRgyZaB2V3TjsoJ9QDuUTJq2oZnMkGSEMi1u/BU3LhRx61e4829M26Go6IELJ+fcS+49QcyZ0gh9WrmV1bX1jfxmYWt7Z3fP3j9oqCiRhNZJxCPZCrCinAla10xz2oolxWHAaTMYXc385h2VikXiVo9j6od4IFifEayN1LWP8AQh1JFYDDg9Dyau62aPrl1EjmdM5EHXQXNA5FQqlRIqLZUiyFDr2h+dXkSSkApNOFaq7aJY+ymWmhFOp4VOomiMyQgPaNtQgUOq/HR+whSeGqUH+5E0JTScq98nUhwqNQ4D0xliPVS/vZn4l9dOdP/CT5mIE00FWXzUTzjUEZzlAXtMUqL52BBMJDO7QjLEEhNtUiuYEJa3/08aJcf1nPKNV6xeZnHkwTE4AWfABWVQBdegBuqAgHvwCJ7Bi/VgPVmv1tuiNWdlM4fgB6z3L/Lqloo=</latexit>

Syndrome Measurement
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a|0i+ b|1i �! a|000i+ b|111i

<latexit sha1_base64="Bz4V9LDBkQpfUw9puy2u6eTcdA4=">AAACKHicbVBdSwJBFJ3t0+zL6rGXIQmCQHZDsLekXno0yA9QkbvjuA7Oziwzs4WoP6eX/kovEUX42i9p1C20PHDhcM65zNzjR5xp47pjZ2V1bX1jM7WV3t7Z3dvPHBxWtIwVoWUiuVQ1HzTlTNCyYYbTWqQohD6nVb93M/GrD1RpJsW96Ue0GUIgWIcRMFZqZa5g6DYUiIDTc3/oJRQ3uBSBYkHXgFLyEduUO5/zfpKtTNbLuVPgX+Lm8otKFiUotTJvjbYkcUiFIRy0rntuZJoDUIYRTkfpRqxpBKQHAa1bKiCkujmYHjrCp1Zp445UdoTBU3V+YwCh1v3Qt8kQTFf/9SbiMq8em85lc8BEFBsqyOyhTsyxkXjSGm4zRYnhfUuAKGb/ikkXFBBju00vLeEfqVzkvHyucJfPFq+TOlLoGJ2gM+ShAiqiW1RCZUTQE3pB7+jDeXZenU9nPIuuOMnOEVqA8/UNxpmmag==</latexit>

A code for detecting phase errors

| i = a|000i+ b|111i �! a|000i � b|111i

<latexit sha1_base64="3qKW4rC8U6CK0GIWunSzXeOc1o8="></latexit>

Z1

<latexit sha1_base64="CDKjgEGJ43qLJEKHF1RELAHyv+U=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNgZhb0IvHiOaByRJmJ7PJkNnZZWZWCEs+wYsHRbz6Rd78GycPgooWNBRV3XR3BYng2mD86eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmtx+Y0jyWd2aSMD8iQ8lDTomx0u193+sXS9itYIsK8lw8B8JurVYr4/JKKcESjX7xozeIaRoxaaggWnc9nBg/I8pwKti00Es1SwgdkyHrWipJxLSfzU+dojOrDFAYK1vSoLn6fSIjkdaTKLCdETEj/dubiX953dSEF37GZZIaJuliUZgKZGI0+xsNuGLUiIklhCpub0V0RBShxqZTsCGsfv+ftMquV3GrN5VS/XIZRx5O4BTOwYMq1OEaGtAECkN4hGd4cYTz5Lw6b4vWnLOcOYYfcN6/ABp0jbQ=</latexit>
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|0i �! |+++i

<latexit sha1_base64="4UGu4wXgNmN9gShWH+NJz7YE3ng="></latexit>

|1i �! |���i

<latexit sha1_base64="qqE/X4oTNFful2GW1+It2KoZjnQ="></latexit>

a|0i+ b|1i �! a|+++i+ b|���i

<latexit sha1_base64="2dqQQFM1Zrk4TC0iekA6EypGu88="></latexit>

The suitable code
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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>
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I

<latexit sha1_base64="ncZ8GblHOLQx1jkMPRwHgF2Cn8Y="></latexit>

+1

-1

-1

-1

-1

+1

+1

+1

X1X2

<latexit sha1_base64="h216GCX0FpL9HTJbe0HTf8mdUAU="></latexit>

X1X3

<latexit sha1_base64="hQaefFQJxYsLnU89sHO2FFshvjM="></latexit>

Z1

<latexit sha1_base64="aiNUSFHd7q6i9iAL19kG0DcOXgk="></latexit>

Z2

<latexit sha1_base64="O/ghx/V0U0lg1rw6QNmcItER8Qc="></latexit>

Z3

<latexit sha1_base64="C6MxvSGwy0g/OO3z5odkNa+CTdM="></latexit>
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|0i �! (|000i+ |111i)⌦ (|000i+ |111i)⌦ (|000i+ |111i)

<latexit sha1_base64="sw1e7mEN794UU5FGqK7ySQs2kao="></latexit>

|1i �! (|000i � |111i)⌦ (|000i � |111i)⌦ (|000i|� 111i)

<latexit sha1_base64="e0O+LS0/AjXfuO70c7uaWyrZQ3c="></latexit>

The Shor Code



|0i �! (|000i+ |111i)⌦ (|000i+ |111i)⌦ (|000i+ |111i)

<latexit sha1_base64="sw1e7mEN794UU5FGqK7ySQs2kao="></latexit>

|1i �! (|000i � |111i)⌦ (|000i � |111i)⌦ (|000i|� 111i)

<latexit sha1_base64="e0O+LS0/AjXfuO70c7uaWyrZQ3c="></latexit>

(|100i � |011i)⌦ (|000i � |111i)⌦ (|000i|� |111i)

<latexit sha1_base64="tsIA362g/LMtF18scTjPNyQj+ik=">AAACRXicfVBNSwMxFMz6WevXqkcvwSLUgyUrhXosevFYwX5At5Rsmm1Ds9klyQplt3/Oi3dv/gMvHhTxqmm7SKvFgQfDzDzeY7yIM6URerZWVtfWNzZzW/ntnd29ffvgsKHCWBJaJyEPZcvDinImaF0zzWkrkhQHHqdNb3g98Zv3VCoWijs9imgnwH3BfEawNlLXdoupg5Arsehzep4ix8n4mRtqFlAFiymaCzj/B9KFRNcuOCU0BfwhqFReVAogQ61rP7m9kMQBFZpwrFTbQZHuJFhqRjgd591Y0QiTIe7TtqECm/udZNrCGJ4apQf9UJoRGk7V+Y0EB0qNAs8kA6wH6rc3EZd57Vj7l52EiSjWVJDZIT/mUIdwUinsMUmJ5iNDMJHM/ArJAEtMtCk+v7SEP6RxUXLKpcptuVC9yurIgWNwAorAARVQBTegBuqAgAfwAt7Au/VovVof1ucsumJlO0dgAdbXNxDHr7I=</latexit>

(|100i+ |011i)⌦ (|000i+ |111i)⌦ (|000i+ ||111i)

<latexit sha1_base64="g2DFZNnDYqdBWwj90ugqkgyx5jM=">AAACRXichVBNSwMxFMz6WevXqkcvwSJUhCUrhXosevFYwX5At5Rsmm1Ds9klyQpl2z/nxbs3/4EXD4p41bRdpNWCAw+GmXm8x/gxZ0oj9GytrK6tb2zmtvLbO7t7+/bBYV1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uB64jfuqVQsEnd6GNN2iHuCBYxgbaSO7RVHLkKexKLH6fkIuW7Gz7xIs5AqWByhuYD7X2A+0bELroOmgD8EOaVFpQAyVDv2k9eNSBJSoQnHSrVcFOt2iqVmhNNx3ksUjTEZ4B5tGSqwud9Opy2M4alRujCIpBmh4VSd30hxqNQw9E0yxLqvfnsTcZnXSnRw2U6ZiBNNBZkdChIOdQQnlcIuk5RoPjQEE8nMr5D0scREm+LzS0v4Q+oXjltyyrelQuUqqyMHjsEJKAIXlEEF3IAqqAECHsALeAPv1qP1an1Yn7PoipXtHIEFWF/fBkyvrA==</latexit>

We can detect bit flip errors  
in each Bloch in the same way as before.
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|0i �! (|000i+ |111i)⌦ (|000i+ |111i)⌦ (|000i+ |111i)

<latexit sha1_base64="sw1e7mEN794UU5FGqK7ySQs2kao="></latexit>

(|000i � |111i)⌦ (|000i+ |111i)⌦ (|000i+ ||111i)

<latexit sha1_base64="yMsP6V87oa0jifqhGcILe7rmik4=">AAACRXichVBNS8NAFNzUr1q/oh69LBahIoZECvVY9OKxgv2AJpTNdtMu3WzC7kYoaf+cF+/e/AdePCjiVbdtkFYLDjwYZubxHuPHjEpl289GbmV1bX0jv1nY2t7Z3TP3DxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9AfXE795T4SkEb9Tw5h4IepxGlCMlJY6plsa2bbtCsR7jJyPHMfJ+KkbKRoSCecDZ/8H5hMds+hY9hTwh9hWeVEpggy1jvnkdiOchIQrzJCUbceOlZcioShmZFxwE0lihAeoR9qacqTve+m0hTE80UoXBpHQwxWcqvMbKQqlHIa+ToZI9eVvbyIu89qJCi69lPI4UYTj2aEgYVBFcFIp7FJBsGJDTRAWVP8KcR8JhJUuvrC0hD+kcWE5ZatyWy5Wr7I68uAIHIMScEAFVMENqIE6wOABvIA38G48Gq/Gh/E5i+aMbOcQLMD4+gYJ5q+u</latexit>

XI = X1X2X3

<latexit sha1_base64="tysUea+p7gbBImi2JXHYL64ozv4=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8EiuBpmaqFuhKIb3VWw7UA7DJk004ZmMmOSKZTS3+HGhSJu/THu/DemD8RqDwQO37mXXE6Ycqa043xZubX1jc2t/HZhZ3dv/6B4eNRUSSYJbZCEJ9ILsaKcCdrQTHPqpZLiOOS0FQ5upnlrSKViiXjQo5T6Me4JFjGCtUG+F9xdeYHrBWUvuAiKJdd2ZkI/xrEry6QEC9WD4menm5Aspk ITjpVqu06q/TGWmhFOJ4VOpmiKyQD3aNtYgWOq/PHs6Ak6M6SLokSaJzSa0d8bYxwrNYpDMxlj3Vd/sylclbUzHV36YybSTFNB5h9FGUc6QdMGUJdJSjQfGYOJZOZWRPpYYqJNT4WVJfwzzbLtVuzqfaVUu17UkYcTOIVzcKEKNbiFOjSAwCM8wQu8WkPr2Xqz3uejOWuxcwxLsj6+ARRUkQQ=</latexit>

XII = X4X5X6

<latexit sha1_base64="Vjv5liMCrZeIYRiIoFZHH/gMY1I=">AAAB+XicbZBLS8NAFIVv6qvWV9Slm8EiuAqJVOtGKLqxuwq2DbQhTKaTduhkEmYmhRL6T9y4UMSt/8Sd/8b0gVjtgYHDd+5lLidIOFPatr+Mwtr6xuZWcbu0s7u3f2AeHrVUnEpCmyTmsXQDrChngjY105y6iaQ4CjhtB8O7ad4eUalYLB71OKFehPuChYxgnSPfNF0/q9cnN65fcf1L17/yzbJj2TOhH2NblWVShoUavvnZ7c UkjajQhGOlOo6daC/DUjPC6aTUTRVNMBniPu3kVuCIKi+bXT5BZznpoTCW+RMazejvjQxHSo2jIJ+MsB6ov9kUrso6qQ6vvYyJJNVUkPlHYcqRjtG0BtRjkhLNx7nBRLL8VkQGWGKi87JKK0v4Z1oXllOxqg+Vcu12UUcRTuAUzsGBKtTgHhrQBAIjeIIXeDUy49l4M97nowVjsXMMSzI+vgEAjZKd</latexit>

XIXII

<latexit sha1_base64="R/SaErRZ3bBajOV1IS/0dp9lZko=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WnalUI9FL/ZWwbYr7bJk07QNTbJLkhXK0l/hxYMiXv053vw3ph+I1T4YeLw3w8y8OOVMG8/7ctbWNza3tgs7xd29/YPD0tFxSyeZIrRJEp6oIMaaciZp0zDDaZAqikXMaTse3Uz99iNVmiXy3oxTGgo8kKzPCDZWegiiehDl9fokKpV915sB/RDPrSwrZVigEZU+u72EZIJKQzjWuuN7qQlzrAwjnE6K3UzTFJMRHtCOpRILqsN8dvAEnVulh/qJsiUNmqm/J3IstB6L2HYKbIb6rzcVV3mdzPSvwpzJNDNUkvmifsaRSdD0e9RjihLDx5Zgopi9FZEhVpgYm1FxZQj/SOvS9Stu9a5Srl0v4ijAKZzBBfhQhRrcQgOaQEDAE7zAq6OcZ+fNeZ+3rjmLmRNYgvPxDV8BkCU=</latexit>

XIII = X7X8X9

<latexit sha1_base64="Y2V/7djAWGBAc7lgJso4lYSwTGE=">AAAB+nicbZBLSwMxFIXv1Fetr6ku3QSL4GqYkULrQii6sbsKth1ohyGTpm1o5kGSUcrYn+LGhSJu/SXu/DemD8RqDwQO37mXXE6QcCaVbX8ZubX1jc2t/HZhZ3dv/8AsHrZknApCmyTmsXADLClnEW0qpjh1E0FxGHDaDkbX07x9T4VkcXSnxgn1QjyIWJ8RrDTyzaLrZ/V6fXLp+hXXr7r+hW+WHMueCf0Y2yovkxIs1PDNz2 4vJmlII0U4lrLj2InyMiwUI5xOCt1U0gSTER7QjrYRDqn0stnpE3SqSQ/1Y6FfpNCM/t7IcCjlOAz0ZIjVUP7NpnBV1klVv+plLEpSRSMy/6ifcqRiNO0B9ZigRPGxNpgIpm9FZIgFJkq3VVhZwj/TOrecslW5LZdqV4s68nAMJ3AGDlSgBjfQgCYQeIAneIFX49F4Nt6M9/lozljsHMGSjI9vpviS+Q==</latexit>

XIIXIII

<latexit sha1_base64="KHQwsF9CewN2Ne6rHSfRdBZb9hU=">AAACMHicbZDNSsNAEMc39atGq60evQSL4KkkUqjHohd7q2A/oA1ls9mkSze7cXejlJDn8Kqv4NPoSbz6FG7SIlY7MMuf38wws38vpkQq2343ShubW9s75V1zb79ycFitHfUlTwTCPcQpF0MPSkwJwz1FFMXDWGAYeRQPvNl1Xh88YCEJZ3dqHmM3giEjAUFQaeQOJ2mnkxVvJ5tU607DLsL6EXajuUrqYBndSc2ojH2OkggzhSiUcuTYsXJTKBRBFGfmOJE4hmgGQzzSksEISzctrs6sM018K+BCJ1NWQX9PpDCSch55ujOCair/1nK4rjZKVHDppoTFicIMLRYFCbUUt3ILLJ8IjBSdawGRIPpWC02hgEhpo8yxj4OxgKlOFhafyAHVgK4ArgFnoSDhVEEh+GNmrjXwn+hfNJxmo3XbrLevllaWwQk4BefAAS3QBjegC3oAgXvwBJ7Bi/FqvBkfxueitWQsZ47BShhf3zT8qW8=</latexit>

Z1 or Z2 or Z3

<latexit sha1_base64="dkyb7gIC7/1puuEfxZSz5mEaQl4="></latexit>

Have the same effect on each Bloch.

These two syndromes determine in which  
block a phase error has occurred. 



Why do we care only about X and Z errors 

 and not Y errors?
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h |Z| i = 0

<latexit sha1_base64="HKyYelUeQxRIuDUkj+eXN2TH7Pk="></latexit>

h |X| i = 0

<latexit sha1_base64="SVScw1CBYwkZXY1sj79YxntIlmc="></latexit>

h |XZ| i = 0

<latexit sha1_base64="FP1rB6+q6HSQmTxAcT4SshsxaDg="></latexit>

Diff. a Z error from no error

Diff. an X error from no error

Diff. an X error from a Z error

h |Y | i = 0

<latexit sha1_base64="rfY7P60pu/Gk8qVcFbIYGMx/dWE="></latexit>

h |Y Z| i = 0

<latexit sha1_base64="c3+7HqE1kn6Pm3NpoS81Xu07E+A="></latexit>

h |Y X| i = 0

<latexit sha1_base64="yzsZnCQBIUZi+spEhAGwdDokHTE="></latexit>

Due to the properties of Pauli operators:
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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>



[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?

We will show this in the second part. 



Thank you for your attention


