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— e.g. if s = ++++, we make no correction and decode. za1!
g Tale 4= 0.009% 2 9, ziz|l
* 9 The actual error can be: Zllz
N QT TETEL XXX, ZHTLLEZEEL T ZELEEEZ I, T Z, + what they generate multiplicatively.
m=S, Ton ke s L+ /5 ud € AWy ¢ r3 wd . i.e: 32 possible errors with only I/Z, 32 possible errors with only X/Y.
[ Lo “ W O Ll . @il ik > s (1) 11111 and any even weight Z error gives a logical I.
Bt M e - R L (2) any odd weight Z error gives a logical Z.
ot de W;V& . (3) any X/Y type error with even weight #Y's gives a logical X.
any type error with odd weight #Y's gives a logical Y.
4 XY ith odd weight #Y's gi logical Y
clblbyrs for s - 2201
e e &“ MR wde S Pr(s=++++) = prob of no X/Y + prob of no I/Z = (1-2g/3)"5 + (2q/3)"5 = 0.50924
X 0 % |
Ty (n-C-k) := (n-choose-k)
T eyndoee 18 A % bit OMwg ga /\mj H T 24, Pr(1) = (1-g)*5 + (5-C-2) (1-q)*3 * (q/3)*2 + (5-C-4) (1-q)™M * (q/3)*4 = 0.37127
B : S Pr(2) = (5-C-1) (1-q)*4 * (q/3) + (5-C-3) (1-q)*2 * (q/3)"3 + (q/3)"5 =0.13794
U, ST qeebits b Betn (Ol e L 6 Qe et Pr(3) = (2q/3)"5 [ 1 + (5-C-2) + (5-C-4) ] = 0.000016
< Pr(4) = (2q/3)"5 [ (5-C-1) + (5-C-3) + (5-C-5) ] = 0.000016
N gu\w\Wm < (kwu\ﬁg& e & = OV e )
- ) The decoded channel is a random Pauli channel with
(S o osa-l EVW 'VTV“ et G lete) ax = qy = 0.000016/0.50924 = 0.0000315
gz = 0.27088, gi = 0.72906 H(q) = 0.84373 < 1.
ea o/ Ly p 06 W\ g Geg ik
e.g. if s = -+++, mostly likely error IXIIl. Bob reverts it and decodes. ZZIll
Z1Z11 . . .
The set of possible errors is IXIIl * set of errors giving the ++++ syndrome. % : : |ZZ| The gfg";’;g ghggggol_so%rgidgﬂgzgu“ channel with
(1) IXIL* (11 111 and any even weight Z error) gives a logical I. o = ay =0.00011/0.0738 = 0.0015 H(@)=1.0205>1.
(2) IXII * (any odd weight Z error) gives a logical Z. ~ _ ~ o e
(3) IXII * (any X/Y type error with even weight #Y's) gives a logical X. By symmelry. the 5 syndromes —+i+, +-++, +4-4, +4i, are similar to the above.
4) (

IXII* (any X/Y type error with odd weight #Y's) gives a logical Y.

(1) IXHE= (N, 2z, 12210, 12121, 1Z1Z, 6 cases of 2 Z's not on 2nd qubit,
Z1ZZZ, 4 cases of 4Z's one of which is on 2nd qubit)
(2): IXHI * (1Z111, 4 cases of 1Z's not on 2nd qubit, 6 cases of 3Z's involving 2nd qubit,
4 cases of 3Z's not involing 2nd qubit, ZZZ7Z7)
(3): IXII* (XXXXX,6 cases of 3X's and 2Y's with X on 2nd qubit, 4 cases with Y on 2nd qubit
YXYYY, 4 cases of 1X not on 2nd qubit)
(4): IXHI* (XYXXX, 4 cases of 1Y not on 2nd qubit,
6 cases of 2X's & 3Y's with Y on 2nd qubit, 4 cases with X on 2nd qubit, YYYYY)

Pr(s=+-++) = 0.0738

Pr(1) = pr(1error) + 4 * pr(2errors) + 6 * pr(3errors) + pr(5errors) + 4 * pr(4errors) = 0.0368
Pr(2) = pr(1error) + 4 * pr(2errors) + 6 * pr(3errors) + 4 * pr(4errors) + pr(5errors) = 0.0368
Pr(3) = pr(4errors) + 6 * pr(4errors) + 4 * pr(5errors) + pr(4errors) + 4 * pr(5errors) = 0.00011
Pr(4) = pr(5errors) + 4 * pr(4errors) + 6 * pr(5errors) + 4 * pr(4errors) + pr(5errors) = 0.00011

Repeating for all 16 syndromes ...

The average H(q) over all syndromes .
=0.50924 * 0.84373 + 0.0738 * 1.0295 * 5 + ... (gl echate )
The same code results in average|H(q) < 1 ’lp until g = 0.1904.

Reference: Shor-Smolin 9604006.
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