Ol tp
@ @) THE UNIVERSITY of EDINBURGH

< o

N bEid DK f 'I'.
oY =

N: INTOrMAarics
<'(\«[.3‘_11\1'\3\-\

Introduction to Quantum Computing
Lecture 15: Parity Check

Raul Garcia-Patron Sanchez



Quantum Error Correction in one slide

@ Noise is local: independent for every qubit

@ Our operations are pertect: error due to interaction with local environment.
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® In reality we have also correlated error
® Our operations have errors = Theory of fault-tolerance
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Classical repetition code and parity check
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The repetition code |

Encoding 07 — 000 Codeword
1; — 111

/Binary symmetric channel

0 —r
>< ) {ooo — 010 }
1 - 1

~

Error detection: majority vote

\_
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Error correction
{000, 100,010,001} — Oy,

{111,110,011,101} — 1,

N
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The repetition code

Encoding 07 — 000 Codeword /[m k. d] code \
lp — 111 n : size of codeword
/Binary symmetric channel \ k : # logical bits

1—p

0 > () d : Hamming distance
>< {OOO — 010 } e : correctable error
1 1 d=2e+1
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Error detection: majority vote

-

= . <
rror correction
{O()(), 100, 010, 001} — 0y

{111,110,011,101} — 1,




W
Encoding 0; — 000 Codeword @ @ @
1, — 111

1 D o To D T3
Message | Parity Parity Error Output
Check 1 Check 2 | location
000 0 0 no 000
001 0 1 3 000
010 1 1 2 000
100 1 0 1 000
011 1 0 1 111
101 1 1 2 111
110 0 1 3 111
111 0 0 no 111
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Quantum parity check
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Example 2: Parity of 2 qubits

o M = H. ® H, = span{|00),|11)} @ span{|01), |10)}
[@ = Direct SumJ

e II, = |00)(00| + |11)(11

[T, = |01)(01| + |10)(10 He +1lo = L4




From the math definition to an actual circuit
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Parity check circuit
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Parity check circuit — general input
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o 10) L RO (W) = ) Va1, 72) ® |71 @ 2)
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Parity check circuit — general input

O R

: T ) = ) Yemlen, z2) @10)
Ewin>} : }"ﬁbe/f}): \/ T1,T2 <
C o) /\L R0 )= ey |71, 2) ® |21 © @0)
R Tl imer . L me )
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IL,|%) = (0,0(0,1) + 91,0[1,0)) ® |1)
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An equivalent circuit
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Tutorial 2 problem 2
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Hadamard test circuit for parity check
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Hadamard test circuit for parity check

z i
W { | }He/o|¢>
: A :

71 @ Zolx1x2) = (—1)*19%2| 2, 25) The operator ZZ:
- Eigenspace eigenvalue 1 is Even parity
He — ‘00> <00‘ + ‘11> <11‘ Eigenspace eigenvalue -1 is Odd parity

I, = ‘Ol) <01‘ T ‘10) <10‘ This will generalize to the
(Z ® Z)Mezo — Lile/o Hadamard Test, see next lecture
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Parity check of phase
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The intuition

_ b e B
[-X- = —H—H/7HHF le>—\/§(|0>+( 1) |1>)—\i>]
Bit flip error v (() 1) Phase flip error Lo
Xt 1 0 17+ [ = (0 _1)
Xl|z) =|zd1) H Z|+) = |F)
@ Basis Z|x) = (—1)%|x) p— X|£) = +|£)
@ Parity check 4R L @ Parity check X ® X
[T, = [00)(00] + [11)(11] To = |+ +)(++ |+ - —}——]
I1, = [01)(01| + |10)(10| D=|+ =E = ==+
(Z X Z)Hem = ::He/o (X ) e/o = HE/D




Parity on X basis
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General Parity Check — QEC lectures
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Generalized parity check

Parity-check operator (syndrome)
P=PFPLRQ..FP, 1P,

D A string of Pauli matrices
1
P?; - {I,X,Y,Z}
’¢> PH_ 1 — ::szl
Ph_1 I1, eigenspace with eigenvalue &+ 1
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Reading references

1. Operators and Observables: NC 2.1.2, 2.15, 2.1.6,

2. Projective measurement: NC 2.2.5

3. Parity measurement: NC 10.5.8

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