
 QUANTUM CODES

The Hilbert space

V AR 0721
n

is usually referred to as the Hilbert space

of n qubits
We will study quantum codes for quoits
A quantum code is a subspace

C C V

We will write Me for the projector
whose image is given by C

More explicitels if lua is

an orthenerel ban for C then

the Ia la Laal

Quentin codes are used in the theory
of ever correction

In this section we will learn about

a special clan of codes Krom on

stabilizer codes



Ex 1 Three qubit bit flip code is the subspace

C C 07

spanned by the vector love 111173
The projector is given by

Me 10007 ooo I I 111 1111

2 Three qubit phone flip code

C c at

spanned by I 1 7 I 7 where

1 7 H 10 and I 7 H I 7

The anciated projector

To 1 17 I 1 7 C 1

Note that

C HOH H Y v E C

and

Me H H H The H H H

Hadamed H

H 07 1 7 and H 117 1 7



3 Nine quoit Shor code

Let us define the liner operates
A Qtr QT

A lo 1000

3
Alt 100 1111

V2
A 117 11117

A a K a yo
17 107 s

V2

A'lo 7

A 1 1

Let

4 A A A A lo

A A A l 7
110007 1111 1007 1111 1007 111171

25

Iw A A A A Ii

A A A 1

100 11117 1100 1111 0110007 11117

ZIT

Sher code

C Span lx 1 7

Mc Iv Cult luv Gul



Quentin error correction

Let A E Hern Y

Consider the spectral decomposition
A Ia ta la yal

The support of A E Hern Y D the subspace

Supp A Span I lay da 0

in question information theory an error

is represented by a completely positive
Mep EE V V

We say that a channel ER E CCV

cements EE on the code space C if

K EE e
e

trig Ee e

for all e E Des CK with supp e C C

Note that Tr Er EE e D independent

of e



i din C 1

e la ul

whee The 74 ul Then

Den C flu cut and the

chain holds

ii din C 7 2

e
X lua act i x 146 us

whee of X E l a b E I and

The Ey lua Ual

Let Of Ere EE Ther

Tr Ece e Ece
Writing Lab Tr E e

La Tr Of In Ual

26 Tr E luv us

Then

Lab X 1ha Uel l X 146 Ust

exit fi
Fr o X C I we have Lab La 26



Quentin ever correction conditions

As ome Ee her the Kraus represents the

DECA I Aa A Ata
AE z

Thee exists In correcting EE or C if
and only if ever correction condition

Me Hat Ab Me 86,67 Me 2
for some Better Az

Proof Assume thee exists Ik with

Kraus representation

CIRCA I 8 AB

Define OLÉ A CEE MCA Mc Ther

E EEC e Or Ee that
a Mce Mc contained in C

for some a E IR yo
I does not
depend on e

This implies

I.EE cetigtEE EIce
Then by the unitary equivalence of Krauss



representation there exists U E U Q2

such that

gate IEEE
Then

go Aang
t

A lab Mc
and

6 6

III

B D Hermitian

Bla c I A Caio Ale 6

I Ale 6 Ala b

BCC a

E By spectral decomposition
B U but

where U E U Q2 and D diagonal

Define It I UT 6 a Aa UTD also
unitary

we have A I 6 A b Exeve Verity



We have

to att tic
Iggy g i
Edify't

D la 6 Tlc
By polar decomposition A U VATA

aMc Ual McAta a Mc
ID a a Ua Mc

Where Ya E U A2

Define

Ma Ua Mc Uta

Ilana aMcUat Dla a to

D a a D

Note that for a 6

Matty Mat Mo

Ia É a at

Q O since a b



We define

Erle Ia Uat Ma Malla

Then for where supper contained in C

ER EE e

E Ut Mo a e at Mollo

Ferc
Mt O D 16,67 0

D 6,6 O

0016,0 o
thief

46 Me t

utntaaticre
uit.u.II.IE

I

Sa 6 D 6,6

Ia
Mate

89,6 11716,61 It
o D 10,67 0 the UtMottaMc It 0

I Sais Diable I



Ex 17 Three qubit bit flip
Let I 0,112,3
i Error Ait Ai

E e I Iz Aae Aa

her
A H H X H H

Az I X H H I I DX

We have

EEE Fbit flips

hence B H a Hermitian matrix

ii Recovery

Erle I Uat Ma Malla

where

1 Ua is obtained from the

polar decomposition of

Fate Ya McHattie
Fa sine 8 1



i e Aa the Ua Mc

Tla is dyned by
Me At MeUat

Aa Tle Act
For e sur tht supple C C

we have

En Ele I.IE EeIII.Y.ai
fILtgUoMcsairMcetic

sat MeMII
IE t e



2 Three qubit phew flip
i Error

e e I Eez Aae Aa

Where A I A 20 I I

Az ID H A I I Z

B It as before

ii Recovery

Ede I Uat Ma e ta Ue

We have

ER Ee e e
Exercise Very this Simile to proxies
case



DDoitization of even

Assume EE A Ez Aa A Ata satisfies
the ever comention conditions

The channel Er correcting Ee on C

constructed in the previous proof also

corrects

EE CA I Aa A A'a
t

a

where Ada I M 19,6 Af for some

MEL AZ

Peet Error correction conditions

Mc Hat As Me B 9,6 Tlc
where for some B E Her Q2

As before we diagonalize B

B U put

and define
Ttb Ia UT 6 a Aa

Note that A a I U ait s

Then the ever correction conditions become

Mc I Mc D La 6 Me



Kram representation of Ek is given

by Ek A Ia Uat Ma A Ma Ua and

Uct Ma 6 We Sab has it

Ther

Uat Ma A it I MIG c UtaMa VE

E U kid Id

I ME
bid Uta Ma die

Saida
K lb a Nail it

Therefore

R OECe I UatMa Abe A Talla
9,6

IkfiakiaDlais e
a



Given E with Kraus operates
Aa aez

This result says that if Ee comers

an ever represented by AaSaez on C

the
Aa ez

D correctable on C where

Al I M a 6 Ab
6

An ever represented by EE n called

a single qubit ever if

I Accept 1 EE ALL kn k

for some single qubit ever represented

ÉÉ Etc aan aan completely pentru

Gr Let É be a single quit even

Then there exish Er arresting EE
or C if

Tlc 6 65 Me Bla b Me

for some B f L Q2 where

I 0,47 3 J



Iet Apply the prewar rent to

DIE with A a Ga

we have Gas a D correctable on

C if they satisfy the ever centres

conditions

Then EÉ with ALE Leath

will be constable an Gale is a

bars of LIAT A

Ex S qubit Sher ode can correct

arbitrary single qubit errors

Mc Gato's Mc
In cut camo's user

in cut onto's twins other
or the seven d

Iw Cut Cato's insert as tuva

Iw Cwi cat's's law
the gators

I lx Kool int Ga of two this at

Iw fool all Cal of lo 1111 Cvt

kl o Go Ii It a b

other
Said the



Stabilizer theory
stabilise theory is a subtheay of

question they
it consists of a restricted set of

1 States

2 Trant notion

s men rents

It can be wed to an tht quantum
codes known as stabilizer codes



Pauli group

single qubit Pauli operates

Tais i
ab

ya 26

I a b 10,0

9 61 10,1

x

9,6 lil

The n qubit Pauli operator

Ta 6 Ta 6 Tan bn

i916 xd z ion th yonzton

ikke x'zone x'z

i
9 b

Xaz o Xazbn

where La b E Knx 72

Jenn We have

Tano Tef 58196 et Tate bef

where 8 ab ef b e a f nod 4



Reet For n l recall the formula
Ta Te f ite af Tate btf Lem

where a b e f E 72

Then for arbitrary n we have

Ta b Ty f

ite a fi Ta te so tf yo i
then f

Tatem butfn

on the other hand

Tatu etf i
19 0 etf

y
anti zlatf

X
to

z
centful

Isao cetfl
i
1a th etf

Tato e tf
i anton ett

Tanta etf

Tanto atf Tenth en tf

Then wring this we obtain

Ta o Te f i
be f

Tanto atf

Tatler etfs

I



Lem We have

Tail Te f 1
what et Te f Ta 6

where w ab et be t af nod 2

Poet For nel we proved this identity
Fr n I we have

Tai Te f

Ta o Te if Tan bn Ten fu

zygienta f Te fTalib
e

bren af Tan inter fu
C 1

b et a f
Tate Gtf



Pali operates constitute a group

The n qubit Pauli group is defined by

Pn it Ta b a b E Knx K
8 E 0,1 2,33

Recall that a group is a ret G

with a junction G x G G

sum that

is g h E G H g h E G

ti There exists an identity element

I E G

g I I g g H g E C

iii For every ge G there exists an

inverse J E G

g J J g 1

Note that

i it Ta 6 i P Te f

impt 8196 et Tate of E Ph
Ii Identity element To I

iii Invese of it Ta is i T a b



Observe that Knx K D on abelian

group under addition

a 6 a to a bn

A
group D abelian if

g h h g H g h EG

Knx K is abelian but Pn is not

Poe The junction ti Pn Knx Tin
defined by

M it Ta o a b

is a surjective group homomorphism whose

kernel is the subgroup
it I 2 0,112,3

A group home mop him D a gentian
f G H

such that

f g g f g f g gig E G

A bijective group homomorphism is called

an isomorphism In this case we write

G E H



The kernel of f D the subgroup

Kelf g EG fig L C G

Let NC G be a subgroup
N is a nerd subgroup if

g
N J N H g E G

In this cone one or define a

quotient grey GIN whose elements

are coset

gn gn i n en

The multiplication is given by

g N g N gg N

The identity element is IN

The in vice of g
N D J N

There is a sweetie grey
homomorphism

G GIN

Conversely given a anjeche group
homomorphism f G H we have

G ke f E H



Ref We have

M i Taro if Te f ti i4p 8 met
Tate by

Late Gtf
a b e f

acid Taco a lip Te f
Moreover

Ti I i t Ta s a b

o o

hence the kernel is given by

it
IE

d o in

For g
e Pn we think of trig as

a row of size In with entries in 74
Let

A
O H

JanI

Then if and only if

Tcg A M g'T 0 mod 2

Lem



For a subset of elements

on se 3 C G

we write

comms
for the subgroup generated by

these elements

Elements of er Je conush of

arbitrary products of 9 is De

The set Ji ge S D said to

be independent if
J i i Ji i Titi Je 91 Je

for all I si El

Given g s ge E Pn we define
the check matrix

Mio a se

a ale b

i t

ae alee be bee

where ai bi til



Lem Let s g se be such that

I 4 S Then gi ge is independent

if and only if the rows of the

check notrix Mlg ge are linearly
independent

Poet The condition I 4 S implies that

g
it Tai i

i
24

y

I

i.e it Il and Ji I

Assume that the news of the check

matrix are linearly dependent i.e

there exists an al f 72 not all

zero such that

It ai Mi o d 2

whee Mi IT Ji

We have

T II 99 It ai tics o

Pro



hence If g i 1 for some 2

Sine I 45 we have 2 0

4 aj to then

9 If 99
Therefore

g 917 9 Jj 195 12 De

i e g se D dependent

Convene is similar Exercise A

Lem Let S g get such that

14 S and on se is independent
For if l e 3 there exists g t Pn

such that

99 It Ji

9 Dj St Jj Hj i

Reet The rows of the check matrix

M MI Ji De is linearly independent

Thus there exists x such that



Mx Ii É sine

T Ti
het g E Pn be such that

Mlg x x2

Then for j i we have

III 127 0

jand
E

3
s

Given a subgroup SC Pn the

vector space stabiliced by S is

defined to be

s V E V g v v Hg E S

S is called the stabiliser of Us



Ex Let

S Z X Z X H H Zx Z at flip code
Then

vs span love 111173

Pre 4 Ys to ther S D abelian

and I 4 S

Peet We will show that failure of

any of the two conditions implies

Vs 0

Fist assume S is not abelian i.e

there exists g h E S such that

g h h g
Then fr ay v E Vs

Y g L V

h g v

V V 0

Next arm I E S

Ther H V y 4 0 12



Theorem Let S Ji In k

where g g In k D independent
Assume S n abelian and A ES

Then dim Ys 2k

Ref Fer g E P with 92 1

we have

g Tht M

where
My

HIM
Note that

g Th w 921 w

It w
2

Tht W

i e Me projection onto l eigenspee
Simileh

g Tl w M w

i e th projection onto l eiger pace



For x Xi xn u define the prgerter

2

It C if gnMy It y g
2

For i E l n k there exists ki
such that

ki 9 kit 9
ki g kit 9 H j i Lem

het Ky ki KII
Then

My Kx Mo kit

Therefore rank My rank to din Ys
Observe that

1 Tho is the projector onto Us
2 My My 8

1
1 Mx

EF ETI ETI ETI
Hy

Thus dim Vs 2 2
k 2k

a



A subgroup of the form
S C g g Sn ie

D called a stabilizer subgreep if
1 S D abelian

2 I 4 S

I 91 In k independent

By the theorem

Ys C X

D a subspace of dimension 2k

A pure state N is called a

pure stabilele state if there

exists a stabilizer grey
S g In

such tot

Vs Span 1 7



Clifford group

The normalizer of Pn in UCV D

defined by
N Cen U E U Y U g Ut E R

Hg E Pn

Note that Pa C N Pn and in

particular e'I OE 1123 C N Pn

The n qubit Clifford snap is

defined to be

cen N Pn e'v13
A subgroup H C G D called normal

it g h J E H H g E G L E H

Given a normal subgrep HCG

we can define a gustier group

G H g H g E G

where

g H f g h i h E H

The
group operation is given by

g th i g th gg H



Lea Cl is generated by

H
gate

s

d

Phase gate

Poet Let U E N Pi Then

U Taro Ut U Tai Ut
I

in particle

U I Ut H U Ta Ut Tad
Tat 9,6 and c d nerve

Let Io date the permutation grep

permuting the set

I o lil CO 1

Then given U thee exists out I

such that

U Ta Ut Tad
whee Cid Gu 9,6



Moreover any permutation can be

realised by a unitary
HX Z

GM
I 110

is iii I it
and

as il

Note that I oh Gs Exercise

This shows that there is a surjective

group homomorphism

d Cl Is
The kernel of 0

Fist convide U such that

U Ta Ut I Tail

Writing U e
k

det 4 1

U Gi Ut R 1141 e G

Under rotation there is always at

least one if 1,2 for which

U Oi Ut Gi

Became other if U Gi UE bi Hi

then def R G 1 not a rotation



Then

1 U G Ut G i.e Ry lat e e

I e and 191 M or 21T

Thus U H or X

2 U o z Ut G U H or Y

3 U G Ut G U I or Z

Therefore Ker O E P it

Finally observe that

2 52 and X H S H

This means that Cl L His
in a

Fr a single qubit witey U we will

write
yet I

eat
U damn k

Ey The 2 qubit with

extiattia that
belongs to N P2 and here Clz

CX x ext Xox

X X ext X

CX za Xt 2

X C 2 Xt 0 Z



Theorem The n qubit Clifford group

is generated by

is
ion

eth gun't D target

Pret Let U E N Pn

We have

U Ta Ut I Te d

For G E In we define unitary operate

Ug la an I doo Goin

Moreover

Uc Taio Ut UG Tano 0 Tanis Uf
Te if o Ten fr

where Cei fi aoci Goli

Thus UG E Cn

We can write

u z Ut Gi Oz

for some g z
E Pn i

Note that U Z ut I 11



Composing U with a mites V in

H S UG G E In we

can arrange

v u z utyt X Sz

for some ga E Pm l

We can assume U satisfies this

property
U Z Ut X Oz

On the other hand U x at anti commutes

with lez at this

Ux ut Gj DX
where j 2,3 and Dx E Pn 1

Replacing U with s u if needed

we can arrange
u z ut X Oz
u x ut

Ox
We can write

U I la 61 0 Uab

where Uab 1992 gy Uno Exercise



U x ut Ig la 61 X d al Uae Utd

e
la al Uas Uct

I la cel o I Uco Ufc on

I Is a Teats
Infatuate

I C it la Cal Ix

Z J y

where we used Dx 92 Dz Tx
and Ut Yoo I 1 lexeme

Similey we can show

u z ut X Iz



We will show tutantifods en is quoit Clifford

U Cz H Eg I thus its

Coz H Cy I 05240 10 to 11714

Cg H Cg lo Volvo 117 U o ly

VI Coz H lo U 167 1179 Uo ly

FEEL 1 7 1

10 U o Iv 117 92 U I Yo

107 9 Ho ly 117 929 Yo 1 1

I la bl o Uab lo lie 11 vis

U lo lie 11 vis E

For U E N Pn define a 2 2

matrix Nu

fit I
where

U Tx Ut Ily
To left



We have

NT X N N
commutation
relaties presered

Let Spack denote the group at

2x 2h matrices M over 72 satisfying

MT X M A

Then sending U to Ny defines a

group homomorphism

In Spa Tz

on

further show that this homomorphism

is also sugentive



stabilizer measurements

Recall that for a single qubit

Taio ME Mia
where

Mg
I 15 Tans

2

For n qubits we have

Ta b Tai b Tan bn

Tian Min 0 0 Tam Thon

I C 1 E TI Tl
on bn

CETI

Tta o
M where

Tia I 17
C Ici e

TIG
on 6m

A stabilizer measurement D a projectile
measurement of the form

Man 72 Pj X

Where Maio c Tato



Jorgen Tais D measured mean that

Taro D measured

We have only talked about destructive

measurements

A nondestructive measurement associated

to M E L V satisfying

I Mat Ma Hi
AEI

is a chord of the germ

Ece Es la Cal
Mugging

Let lx be a stebilicer state
state

specified by S g on

Given a stabiliser menneret

Man Th Pj Y

on w w

of

Tai n Cul Tai
Wai

pc

and the probability p Tr Tai 1 741



Pa There are two ceres

1 4 gg 9 g H i lg i n ther

c neg E S ger some e E 72 and

Ive 7 1 7
and

p f ee

c e

2 Y g g 9,9 and

99 9 9 H i 2 n ther

Ix n stabilised by

9792 9n c O

9 921 Jn 0 1

y
4 g anti commies more than two

elements g and 9 where is

we can replace gj with 9 95
an element which commutes with

g Then the unique anticommtily
element can be placed as the first
generate



Reef 17 Note that

9 91 7 99 x

g ly H i l n

This g ly E Vs and

91 7 21 7 L E Q

Since g I we have

Ix g g 1 7 g a x

all x

i e a I l

Therejee C 1 Eg E S for some e E Th

and

Man
I

ly

te
ly

2 We have

to 1 7
1

1 7

II g 1 7

9 12 1 7 2 T ly



Ther
p Tr TT ly x1

Tr g ti 1 7 yl

Tr M ly ul g

Tr Tl ly ul p
i e p p 112

The state after the measurement

1 7 V2 TIC Ix

I g T lx

g I v07

Thus

1 7 E s

where
S s 15g 92 In



Stabilizer codes

In Chik stabilizer code D a teeter

space of the form lls where S D a

stabilizer subgroup of Pa with

n ta independent generator

We need to goop theoretic dignities
Let us unite S g is On ie

1 Centraliner of S

2 s ge Pn g g gt g Hi

27 Normative of S

NCS g E Pn gg gt E S Hi

Len N S 2 S

Pet Ln Jered 2 s CN J

Assume g E N s Then either gg gtg
or g g gt g

in the latter case

we have

Jsigtgt gig t H ES

But H S A



Erne correction conditions for stabilier

Codes
Let AaSaez be operates in Pn
such that

AI Ab 4 NCS S Ha b EI

Then Aa la ez is a correntble set of
errors on the code space C Ys

Eet The presenter onto the code space

C is given by

tic It Its.com
one

We will show that

The Hat As Me
Me At Ab ES

Act As E Pm NLS

safeness
thee can be only two pombilities

Theregee AaSa satisfies the ene cornetily
condition since the matrix

81910 AI AGES
Act AGE Pn NLS

D Hermitian



1 Assume Act Ar E S

Me Me

since elements of S stabilius C

2 Assume Aat Ab E Pa N S

This mean that there exists Jj such

that
Ast Ao g Jj

At Ab

Then

Me At Ao Me Me At A It III
Me III At As If tÉ

17

0

Therefore the ever correction conditions are

satisfied A



Three quit bit flip code

stabilie grey
S Z Ze 22

Emer opetes
A I A X

Ar Xz As X

The set

At Aa a b o tin

I H X X X

Xi Xi X X Xcx

has no intersection with N S S and

this can be cornered



Line qubit Sher code

stabilizer subjep
S 2 Ze Z Z Zo Z g

X Xz X G Xy Xs X q

Emer operates
A o H

A Xk Ai Ye AY Zk
where k l 9

The set

AG Ate K l l

9,6 0 3

does not interest with N s S

Hence can be connected



The weight of an operate g E Pn

D the number of terms in

g I A An Ai E H X Y Z

that are different then I i.e

g i l n Ai I 31
The distance of a stabilizer code

C Vs where S Jl In 27
D defined to be the minimum

d C min wig

JEN S S

h this case we say C D a

Ch k d stabilizer code

G Y C is a In k d stabilicer

code where dy 2ft then any error

on quits on

Ff

Reet Since Ota ft Ha we have

AI Ab f 2 t

d men

genes s
419 72 1

Theater Act As E NCS S A



Clamial linear codes

An n h liner code is given by the

image of an injective line map

G Tak 712 3
G a nxk
matrix with
entries in

called the generator matrix 72

Ex Repetition code 3,1 code

k k

sends o to 000 and I to 111

72 with
Dad gormletier
Choose n k linearly independent

Yeates y s s gu y
in im G and

let

H II ki 75
hi sweetie

Then im G ke H

H is called the parity chest matrix

Conversely given superhe linear map

H Mi 74 chose linearly
independent vents Xi x k th Ke H



Defining G x Xie gives
in G ke H

Ex For the repetition code the lonely
independent venter 110 oil span ing

Then
H

The Hamming distance between the bit

sting a on b o b E 72 D defined

by
d la on 61 bn 9 ai bi ai bi

i I on 1

Exercise d ka x 76 Z D a metric

1 d Xin de x

2 d Xiu 70 with equality if and

only if X y

o d x z E d x y t d ly z

The distance of a code is defined to

be d C min
x ecdftfxts.es
x y
Min

YI EYE weight at x

we denote such codes by Chik d



PI Assume that d C 7 2 1

For y E C and e e c own that

die l Et the element 2 E C with

minimum d z y te satisfies z y

Root Assume z E C D such that

d Z y te E d ly yte

Then
d z y I d it Ute t d lyte y

I
j e

2d Cte y

2 d le o

Zt

THwhich implies that

É cz a 7,2 tt

fer 2 E C and Z y

When d C 7 2 1 the Proposition

implies that an error e with ale o It
can be arrested by setting y quel
to in C with minimal d Z yte

output Stenner
in this case we say C can correct t

ernes Simile to stabilier codes



Ex Hamming code

Let r 72

Let H be the matrix where alums

are 2 I bit strings of length r

which are not identically 0

The j th column of H D given by
the binary representation of J

Then H defines a C 271 2Ir 1

linear ode

For intern yer re

gives a 7 4 ode

Code distal is J Exerie



Colderberg Shor Steane CSS codes

Let C and C2 be n h and h K2
linear codes such that

17 Cz C C

2 d Ci 7,2 1 and d Cat 72 1

Cz and Gt cement t errors

The CSS code anociated to Ci Ca is

the subspace Vc C C G spared by
the vector of the form

1 92 Jeez 1 7

whee x E Ci

ten din Vc a 2k
k

Pret The co eh

x Cz x E C

satisfies
x Ca n x't Cz Xt Cz X X E Ca

0 other

Thayer
x Cal x Ca x x e G

theme



Moreover there coset partition C

Therefore there are 1C I I Cal many

corresponding vectors

This

din Ya I II E

Yc cz is a Chi ki ka question code

I Ve ez is a stabiliser code

Pat A stabilizer code D uniquely
specified by the stake line group
S C g Je
The generates can be organised into

a notix called the check notix

M
91 6

ie ie
where Cai bi is such that g i I Tai si

Conversely the generators up to sign
or be specified by the church matrix



Convide the notix

m
Hot

Ia
This specifies a stobilice subgrep
since

1 Rows of M are lined independent

since the rows of HC at and

HCC are linearly independent
2 We have ne exercise

MT X M HCE Hca

aight Healthiest

III
Hca

Q 0 0

Ie Cz C C

in Gca C im G Ci Ker Hk

Next we show that Yg Va Ca
1 Vana C Ys

l I 1 For a E H at we have



Taio 1 97 Ies t

where

af HCC Gla'T
a E Cz

I Xt G

1 2 For 6 E H Ci we have

to ma

IE.II.ie
b x 137 0 Alice

x y E C

I Xt Ca

2 din Ys din Ya G

dim Yg 2
n rank m

2n ka t n ki

z
ki k

din Ya c 11
Lem



Cer Let C Ya er Then

dCC 7 2 1

Preet First we conide N S where

s her the cheer me tin

M
Heat

HCC

Let N denote the matrix whose rows

are lined independent and Jereete
the image of NCS under to Pn Ze
Ther

n acct accts

The fellas from N X Mt 0

ret
N E 8

Then
want E f

D Hearst
HECHT

O H Cet T A HCC T

is it at T
c HLC

T
0

E C Cat A C C

D C at C C C



Then for g E N s we have

W J W att an on

max d c c d at

2 1
A

Therefore Va c D a En ki ka t

stabilizer code



Steane code

Jet H denote the party check

note of the 7,4 Hanged
Lt C denote the amounted ode

C x ETF H x

Let Ct dote the duel ode that

is the greeting matrix is given by
HT

Let C C and Cz Ct

The anatted CSS code

Heat o

Q H G

H o

Q H

is called the Steere code

Code distan D D here on cornet

any single quest ever


