
Lecture 1 · Quantum LDPC
--
-

Codes
-

LDPC = Low density parity cheet

This term comes from classical
-

coding theory so that is where
-

we will start !

LinearRecap : -Codes
-

A (classical) linear code C

is a subspace of the vector

space F is vectors of

Length n with enties in 80, 13 ④



and addition carried out mod 2.

We can specifyC via its

Pity-cheekmatrix He Mmxn)#2)

in H is an m bya matrix

with entries in E2
.

We haveH
where Ger H = Eve #2"s .

t . Hu = 03.
.

We interpret O as the zero vector

here .

In words
,
C contains all

rector that have even overlap
with all the rows of H.

We call these reckers codewards .

②
--













We add a variable mode o

to the graph for each column

of H.

Then we connect variable mode i

to checki iff Hij = > .

In other words there is an edge

between a check mode and

a variable mode if the check

acts non-trivially on the bit

corresponding to the variable

node .

⑧





(For a codeword Hu = O by defn .

e. g. H
= [6018, , &

u = (1100000)
T

Hu = (110)

Graphically
D T
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The tack of the decoder is

to solve the optimization problem
argmin wt(n)>

for a given

u+ F2"S .
t . Hu = S syndromas . ⑳













We recall that the weight of
-

a Pauli operatur is the number
-

of none identity factors in the

operator.

e .

g.
wt(X(X) = 2

w + (zzz)) = 3

w + (XXz) = 3

For a physical qubit in the

code
,
its qubit degree is the
-

muter of stabilize that act

on it. This is analogous
to

the column weight of a

(classical) parity-check matrix. ⑯



Example i Quante repetition code
-

LIE ... ) IEE ... )
,Stabilizes C

1 ... Izzy

n() = L
[EL , 1 , 73] code

E(L) = 1

d() = 7 I we can think of Las

& z ...
the Length of a

chain

of physical qubits)
is a logical operater

This is a family-

You may
have noticed that

the LDPC property is not really

a property of the code but

rather a property of a set

of stabilize generators. ⑰



T The same is true in the ther

code case (stabilizer generators
-> paity-check matrix)

For a given stabilizer code

there we many
(exponential)

possible set of stabilizer generators.

So we say that
a code is

(w , 2) - LDPC if there
exists a

(W-G)-LDPC set of stabilizer generators

for the code. This is had to

check in the general case ! ⑱







For a CSS cock we define

wx andqx to be the max row

and colun weight of Hx o

We and 92 to be the max rou

and colum weight of Hz .

Then W = max(wx ,wz-Iqqx + qz
Example :Sare'scode
-

Hx = He = [6018,, &
(the parity-check matrix of the Having
code)

Wx = wz
= 4 W = 4

[[7 , 1 , 3]]
qx = at = 39

=

6















https://youtu.be/k7LuOiOBYyQ?feature=shared


