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Study of Quantum Error Correction on IBM Quantum Platform
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ABSTRACT

he effective and safe communication of information using quantum systems is one of the important facets of

ongoing Quantum technology. In the quantum information theory, a quantum channel is used which is based on
the phenomena of entanglement and superposition. The entangled pairs retain a non-local correlation between them
making them useful as quantum channel. The information transfer involves key distribution scheme in which data is
encoded and sent through public channel. A private key is shared amongst the two parties using which they can
retrieve the information. The channel cannot be purely isolated and noise free. So, there occurs a change in the
encoded qubits which needs to be corrected. In order to identify and mitigate the errors, the error correction codes
are required.

With the help of quantum computing on real quantum systems, the quantum phenomenon, quantum algorithms and
correction codes can be designed. IBM offers its Quantum Information Science toolkit known as giskit which is an
open cloud based sdk. The advanced problems with classical computers with particular algorithms cannot be solved
more efficiently and quickly, but it can be done with the help of quantum computers. The paper is about the design of

error correction schemes on giskit and their implementation on openly accessible quantum computers.
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1. Introduction

The secure and error free transfer of information is
important in the information processing and
communication theory. The entangled pair of photons can
be used as a quantum channel in the communication. In
the initial stage of quantum communication theory, the
systems as well as channel were taken to be isolated and
dissipation free. But there is a possibility of noise in actual
physical systems which are used to encode and transmit
data in the form of qubits. If the channel is noisy, there are
methods to measure the errors occuring in the channel
mathematically.

The quantum error correction schemes involves the
encoding, error detection and decoding of the qubits.
There are a number of researchers working on error
correction schemes as it's an important issue of concern. In
a recent paper [1], phase flip and bit flip errors were
estimated on IBM Quantum platform. It is a cloud-based
platform in which user can access and work on a number
of Quantum hardwares situated at various parts of the
world. The largest real world quantum computers are able
to handle 100-200 noisy qubits. Error mitigation
constitutes a class of promising techniques using which
the computational errors can be reduced to a minimum{[2].

With the help of quantum neural networks, in the form of
quantum autoencoders active detection and correction of

1. Assistant Professor, Department of Physics, Patna Women's College, Patna.

* Corresponding Author >< amritaphy@gmail.com

errors, including spatially correlated computational errors
as well as qubit loss can be done [3]. The inherent
symmetry of the physical system can effect the error
correction as a constraint. An approximate QEC with
covariant symmetry and fidelity of the system was studied
in work by Dai [4]. Anumber of techniques for Quantum
error corrections have been discussed , such as
probabilistic QEC[5], gauge symmetry [6],circuit
engineering [7], IBM computing [1]. In the present paper, |
have tried to discuss the repetitive method and circuits for
noise detection, encoding and decoding of the
information.

2. Repitition Method of Error Detection

Bit-flip error codes are a type of quantum error correction
code used to protect quantum information against errors
that flip the values of individual qubits (i.e., change O to 1
or vice versa). The most well-known bit-flip code is the 3-
qubit repetition code which can be used to correct bit-flip
errors. Initially, the qubit is encoded by creating multiple
copies (usually three) of the same quantum state. For
example, if you want to encode the logical qubit state 10>,
you create three physical qubits in the 10> state. The next
step is to take into consideration the different types and
means of errors, during quantum operations or due to
external factors. Bit-flip errors might flip some of the
qubits, changing 10> to 11> or vice versa. The detection
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method involves comparing the values of the three qubits.
If two or more qubits agree, it's likely that the majority
value is correct. Then the minority value can be flipped to
match the majorit to corrects the bit-flip errors. Finally, the
qubits were measured to retrieve the corrected logical
qubit.

The simplest type of errors is independent single bit
random errors that have the same probability for every bit
value. The probability of a bit flip error in each bit can be
taken as p, which is same for both 0 and1. So, the
probability that bit value remains unchanged is 1-p.
Another little complicated case is that in which the bit flip
error probabilities are not the same for different bit values.
i. e. for 1, the probability equals p, and for 1, the
probability equals p,. Then the probabilities of no errors
are (1-p,) and (1-p,) for 0 and 1 respectively [8,9].

The most general case includes multibit or correlated
errors, meaning uncontrollable changes in several bits at
once. Such errors are schematically depicted by a certain
logical elements. The action of such a logical element can
be represented as a set of certain logical operations, which
can be both single bit or multibit i.e. each operation  has
probability p.. If we have a model of errors, then we can
choose encoding methods that will make the information
more resistant to this type of errors.

The information to be sent or stored is converted into larger
qubits by multiples copies of the same so as to protect it
from noise. A qubit can have two possible states 0> or [ 1>,
so the encoded data can be 000> or |111>. There are two
possible errors, one is the gate error which can occur due
to a wrong operation and other is the measurement error
which can flip the data bits. In order to design a python
code for this, let us consider the probability of each noise
type and create a function which measures them.[10, 11]

The simplest change that can occur is the bit flip or phase
flip which can be considered as operation of Pauli I, X, Y
and Z operators on the data qubit. pauli_error is afunction
from Noise Model which shows the change of state due to
any of the pauli operators whereas depolarizing _error
implements the same in all the encoded qubits. p_meas
and p_ gate represent the probability of errors. The errors
which can change the state is corrected by applying a X
gate and then a controlled X gate [12].

from qiskit.providers.aer.noise import NoiseModel
from qiskit.providers.aer.noise.errors import pauli_error, depolarizing_error

def get_noise(p_meas,p_gate):
error_meas = pauli_error([('X',p_meas), ('I', 1 -

error_gatel = depolarizing_error(p_gate, 1)
error_gate2 = error_gatel.tensor(error_gatel)

p_meas)])

noise_model = NoiseModel()
noise_model.add_all_qubit_quantum_error(error_meas, "measure”)
noise_model.add_all_qubit_quantum_error(error_gatel, ["x"])
noise_model.add_all qubit_quantum_error(error_gate2, [“"cx"])
return noise_model
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The different noise values can be put in the model and then
the measurement of the encoded qubits can be done. In
the code below, both the errors are taken to be 2 percent
and the quantum circuit of 3 qubits with initial 1000> is
measured 1024 times. The result shows the different
possible states and their counts, the encoded data qubit
has the largest possibility of occurrence. This is a repetitive
method of detecting and measuring the data qubits.

noise_model = get_noise(0.02,0.02)

from qiskit import QuantumCircuit, execute, Aer

qcl = QuantumCircuit(3,3,name="0")

qcl.measure(qcl.qregs[0],qcl.cregs[e])
counts=execute(qcl,Aer.get_backend('qasm_simulator'),noise_model=noise_model).result().get_counts(
print(counts)

{'001': 16, '100': 19, '010': 23, '000': 966}
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Figure 1 : Histogram of probability of possible
states when noise percentage is low

If the error considered is high then the encoded qubit
would be difficult to obtain. Let us consider the case when
p_gate is 10 percent and p_meas is 50 percent in the noise
model and apply on the encoded qubit I111>. This is
observed from the histogram of all the possible states and
their probability.

hoise_model = get_noise(0.5,0.1)

from qiskit import QuantumCircuit, execute, Aer

qcl = QuantumCircuit(3,3,name="0"

qc1.x(qcl.qregs[e])

qcl.measure(qcl.qregs[0],qcl.cregs[0])
counts=execute(qcl,Aer.get_backend('qasm_simulator'),noise_model=noise_model).result().get_counts()|
print(counts)

from qiskit.visualization import plot histogram

plot_histogram(counts)

{'101': 131, 'e01': 140, '100': 137, '011': 119, '111': 123, '110': 115, '010': 124, '@00': 135}

Thus noise results in complete change of the expected
state at the receiver’s end.

When the qubits need to be stored then they can also
interact amongst themselves and the surroundings,
resulting in change of their states. In order to keep track of
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Figure 2 : Histogram of probability of possible
states when noise percentage is high

the states , we can use one or two ancilla qubits and two
syndrome bits for making measurement of the encoded
qubits. For the simplest case, consider two data qubits and
one ancilla qubit which is in state |0>. Both the data qubits
serve as control for the ancilla qubit and the measurement
of the same is done on syndrome bit. This can be done in a
quantum circuit as follows:

from giskit import QuantumRegister, ClassicalRegister

cq = QuantumRegister(2, ‘code_qubit')

1q = QuantumRegister(1, ‘ancilla_qubit')
sb = ClassicalRegister(1, 'syndrome_bit")
gqc = QuantumCircuit(cq, 1q, sb)
qc.cx(cq[e], 1qg[e])

.ex(cq[1], 1q[e])
.measure(lq, sb)
.draw()

qc
qc
qc

code_qubity

code_qubit;

ancilla_qubit

syndrome_bit

In the circuit, if both the code qubits are in 10> then the
syndrome bit will give the result 0 as the ancilla qubit will
retain its state. If we initialize the code qubits to 11> by
applying X gate, then also the measurement will give 0. If
one of the code qubits is set to superposition state by
applying H gate and CNOT is applied between the two
code qubits then they are entangled to one another. The
first code qubit state will be 10>+11>/+2 and the second
code qubit will be 100>+111> /2. As the ancilla qubit is
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controlled by the two code qubits it changes its state twice,
its final measurement will give 0. If another X gate is
applied on first code qubit after CNOT, then the output will
be 1 which shows the presence of error.

qc_init = QuantumCircuit(cq, 1lq, sb)
qc_init.h(cq[e])
qc_init.cx(cq[@], cq[1])

qc_init.compose(qc).draw()

code_qubity

code_qubit;

ancilla_qubit

syndrome_bit

counts = execute(qc_init. conpose(qc), Aer.get_backend( qasn sinulator')).result().get_counts|)
print("Results:", counts)

Results: {'0": 1004}

Out of the four different possible states of code qubits,
three are providing a correct result justifying the repetitive
code. Github possesses a repetitive code and topological
code which performs the repetition by just specifying the
number and syndrome bits.

from topological_codes import RepetitionCode
from topological_codes import lookuptable_decoding
from topological_codes import GraphDecoder

from giskit import QuantumCircuit, execute, Aer
from giskit.providers.aer import AerSimulator
qubits = 3

circ = QuantumCircuit(qubits, qubits)

circ.h(®e)

circ.cx(e, 1)

circ.x(@)

circ.cx(e, 1)

circ.cx(@, 2)

circ.measure(range(qubits), range(qubits))
circ.draw()

simulator = AerSimulator()

result = execute(circ, simulator, shots=1).result()
counts = result.get_counts(circ)

print(counts)

{'111": 1}

Once the topological and repetition code is installed and
imported , the number of repeititions n and the number of
syndrome bits T is to be specified. In the circuit below,
three data qubits in states 0> and 1> are the targets of
two ancillary qubits in pairs and finally all the qubits are
measured.
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n=3
T=1
code = RepetitionCode(n, T)

code.circuit['@"].drau()

code = RepetitionCode(n, 4)

raw_results = get _raw_results(code)
for log in raw_results:
print(f'Logical {log}: {raw_results[log]}’)

Logical ©: {'000 00 00 00 00': 1024}
Logical 1: {'111 00 @0 00 e8': 1924}

link_qubit 0o —
link_qubit_01

code_qubit_0¢ —

code_qubit_01

code_qubit_0;

2 0 1

round_0_link_bit_0

code_bit_0 3

code.circuit[ "1’ ].draw()

link_qubit 0o
link_qubit 01

code_qubit_0g — X —

code_qubit_0; — X _

code_qubit_0; — X

round_0_link_bit_0 =

code_bit_0 3

code = RepetitionCode(5, 4)

raw_results = get _raw_results(code)
for log in raw_results:
print(f'Logical {log}: {raw_results[log]}')

Logical ©: {'60000 0000 2000 0000 60e0': 1024}
Logical 1: {'11111 ©6e@ 2000 0000 6060 ': 1024}

def get_raw_results(code,noise_model=None):
circuits = code.get_circuit_list()
raw_results = {}
for log in range(2):
job = execute( circuits[log], Aer.get_backend('gasm_simulator'), noise_model=noise_model)
raw_results[str(log)] = job.result().get_counts(str(log))
return raw_results

rau_results = get_raw_results(code)

for log in raw_results:
print(f'Logical {log}: {raw_results[log]}")

Logical @: {'@0e @8': 1024}

Logical 1: {'111 @@': 1024}

The output shows the initial qubit states along with the
ancillary qubits, when both the circuits are run 1024
times. If the number of syndrome bits is increased to 4,
then also the qubit state is recovered alongwith the
ancillary qubits.

3. Conclusions and Discussion

Qiskit offers a user interface to run circuits of different
quantum machines. It include the algorithm design and
development for studying entanglement , communication
theory, teleportation, quantum key distribution and so on.
In the present paper, the method of Bit flip error and its
correction is discussed using the qgiskit programming. The
guantum repetition code and its circuit has been studied
using the quantum platform. The noise model and its effect
on the qubit states has been shown pictorially. The
decoding and measurement of states can be done using the
inbuilttopographic codes.
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