
Quantum computation : Lecture 14

Reminder : Steame code

Ingredient : Hamming code (7, 3 , 3)

party-check matrix H =(0
generator matrix Ge 1000 (

1 1 + 1111

(am! 2n=[c = u .G
,
ne ) =(c . HcT= 0)

en = (c = u . H , ueπ)



Steame code (7
,
1
,
3)

10= 1 E = 1 (10000000 + 10001111 + ...))-

(1)= zkommn= ...

Ce Ch+

encoding : <(d) + &(1) - (4)&(0) + B(1)s
claim : this code can correct any single error

(either [X , : ,Zil) (m : Y = iX. zi]
I

El



decoding :

stabilizers : G = XX5XXzZnZ5Zszz = gu

ge
= X2X3XsXz ZzZyZgZz =gi

q : XeX3X5Xz ZnZzZzzz =go

(these correspond to the 1s in the matrix H)

stabilizer group : group generated by these

Stabilizers (S)



claim : 14) = codeward of the Steame code

off EgeS , g(4) = 14>

proof- (on an example)

· XyX5XgX7 10) s : this flips the last s bits of every
State

=ooo =1[ = 10s
- To ceg

S

- ECh
=group !

· same for 113s
· and by a dimensionality argument, these are alone



Next
,
all stabilizers commute !

(note XZi = -ZiX , but there is always an even-
number of common Xs and Es between two

Stabilizers(

Assume now the received state is

145 =X7 (010> +B(1)s) (bit-flip in 7 position



g. 14 =G2(14> g: 14 =71)14

92(4x = (+1)143 9514 = (1)143

93 14 = (1)143 90 14 = (1)14's

Syndrome = (+ n , +1, + 1, -1 -1 -1) X
( I

- 111 + error in pos. 7
other examples :

X

Xs error -> syndrome = (11 ,11.1) - 011- error in pos.3&

ZEs error + syndrome = 71 ,1 , 1 , 1, 1 , 1) + 100- error in pos.[&

-

Y = iXoz, error - sy ndrome I(1)110+ 6110 - 6



Buildingreliable quantum gates

X =(i]) T =(i) = ixz z=( -)

H = (1) S = (% ) T= (i)

Steame Code :
CNOT =((

↓ 10) + B(1) - d(0) + B(13)= 7 qubit state)

Am: to find 7-qubits gates X, T , E.



So a crait like --
-

becomes -IEnte -enter-

↑ --car-
7 qubits (1 qubile !)

*
Laim: for U =X, Y, E,4, I is given by-the-



Now : ·S - J is quenby times&
· CNOT - NOT becomes:

i

Il I
I

! !

· and the gate F needs more attention (undane)



To check : assume an error occus somewhere

14 = X314) eg.

· #X3(4) : E3#/4) => error correction is

transversality doable afterwards&

(because MX = z H) (in the 7-qubit black)
-

· in a CNCT gate , an error might propagate,
but it will propagate to two separate 7-qubit
blocks-> fine also



Let us check :

· X (0(0) + B(+) = 0(1) +B(0
->

Steam
o (1)s + Blo) *

match !
↓

andX (0103 +B(1)s) = 0 (v) +B(0

E j
all the states are

complement of each other
in these states



· z(0(0) + B(e)) = co - B(1)
-((0)s - B(1)
Steam ↑ match !

↓
and Z (o(0, +B(1)) = o(0) -BluS

P 4
even #of 1s odd #ofts

· Y = iXE -> fine also



-· H (0) = 10)+ (1)

/1)E

-> Steam :
10 s +11)5-
E E

andF 10) s = Eco
+ 11) # (1), = s

- 11) s
:

E I E

10 Fl maps codewards into codewards

29 HX = zH -> HXH = z

S same forIt !
nz = xn - Hzn = X

(congation



2) # * F= H --- HaX1 ..Xa Mr -.. Hz

= HeXHy -.. HaxaMz = z .. zx = E

and also FEM =* ~

10) #(o(0, + B(1)s) = codeward ?

to check : VieS gF(clos+Bless)= (lo,+Pl,
i
.

e . FgiTES3 yes , because (eg) :

92 = Xax5X6X7 + FgT = ZuE5TEES
~


