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Neuromorphic-Inspired Quantum Error Correction Logic
with Superconducting Circuits

ABSTRACT

A fault-tolerant quantum computing requires a great deal of
help from classical computers in detecting and correcting
errors of qubits. One of the most promising quantum error
correction (QEC) methods is Surface code which can be
decoded by solving a matching problem of weighted graphs.

will be expected, but there are several major barriers towards
the rapid increase in the number of qubits. One of them is
considered to be high fragility of quantum state in a qubit
which itate fault tolerance hanism for QC systems.

To increase the robustness of QCs to errors on qubits, huge
amount of efforts has been paid for using multiple physical
qubits to rep! a single logical qubit and to construct

Itis i that most large quantum
now is based on the superconducting qubits. Because of
the superconducting nature, they should be operated only
in the cryogenic environment. One of the big challenges of
developing large quantum computer which has thousands of
qubits is scalability of OEC. Since the OEC is performed

error detection and correction mechanisms [30]. It is not
possible to detect and correcl errors by dlreclly observmg
qubits because 1 state is dq yed when
they are measured. Therefore, researchers usually use meth-

ods to encode multiple physical qubits plus observational
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Algorlthm 1 Spike-based on-line QEC for 3

-D Surface code

: MeasureEachUnit:

2‘ m=20

3: whlle true do

4: = checkAncilla()

5: |f m == ( then

6:  Reg[0] =

7: else

8: Reg[m] = Reg[m-1] & A
9: end if

10: m=m+1

11:  Sleep(Mcycle)

12: end while

1: Controller:

2: start_loop:

3: for C =110 Njjpnir do
4: for b= 010 Nyepe, do
5:  shift = true

6: fori =010 Ny do

T currentRow = 7

8: for j =0 to N, do
9: if m — b > th, then
10: giveToken(i,j)
11: RestartUnit(b)
12: while !getFinish() &&
13: !Timeout()
14: end if
15: shift&=!Unit(i,j).Reg[0]
16:  end for
17:  end for

18:  sendResetFlag()
19: if shift then
20:  SHIFTREG()
21:  goto start_loop
22:  endif

23: end for

24: end for

: procedure SHIFTREG

if m > 0 then

for i =010 Ngepth — 2 do
Reg[i] = Reg[i+1]

end for

m=m-1

end if

: end procedure

: RestartUnit(Input: b)
: if Token == | then

FlagToken = 1
if Reg[b] == | then
requestSpike()
for t = b to Ngepen do
if (S = getSpike()) != NULL then
Dir = rotate(S)
correctQubit(Dir)
sendSyndrome(Dir)
end if
if t != b && Reg[t] == | then
sendController("Finish™)
end if
end for
else
sendController("Finish™)
end if

: else

for t = b to Nyepen do
if Reg[t] == 1 then
SPIKE(self.row,FlagToken)
if getCorrect() then
Reg[t] =
sendController("Finish™)
end if
else
if (S = getSpike()) != NULL then
Dir = rotate(S)
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