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Abstract. Quantum noise cannot be avoided in the quantum computing devices due to unstable nature of qubits and signals.
The error caused by quantum noise can be detected and corrected using different error correcting codes. In this work, we have
tested the feasibility and accuracy of three qubit bit flip and phase flip error correcting code in quantum computer provided by
International Business Machine Quantum Experience (IBM QX) cloud platform. Among five quantum processors, ibmq_ourense
is found to have highest average accuracy 77.9%± 3.09% on all qubits simultaneously. Three qubits bit flip error correction
circuit gave correct output 89.9%± 1.01% of the time on average. Similarly three qubits phase flip error correction circuit give
88.05%±1.89%. The measurement error mitigation has improved the accuracy of bit flip and phase flip error correction code by
5.01% and 7.01% respectively on average. The error rate shows that the error in quantum computations are random in nature and
can be corrected. IBM QX quantum computer are suitable for only small scale quantum computation and demonstrate purpose.
Furthermore, the accuracy of error correction codes can be increased with the use of higher accuracy quantum qubits and quantum
gates.
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INTRODUCTION

Computer has important role in physics to understand and
realize different natural phenomena and these computers
are simulating many classical problems efficiently; how-
ever, they are not capable of simulating the quantum me-
chanical problems efficiently. The quantum computing
and quantum information processing is necessary for ef-
ficient simulation of different natural phenomena in the
subatomic level [1]. Other uses of quantum computers are
quantum key distribution, more robust encryption tech-
nology and quantum data storing devices [2]. The quan-
tum computer uses qubit as its fundamental component.
The ability of qubit to remain on superposition state is the
key strength of qubit over classical bit. Speed and accu-
racy of quantum computer is directly related to efficiency
of creating and manipulating coherent superposition of
quantum states [3, 4]. In fact the fundamental physical
component that differentiate the quantum computer from
classical one is quantum bit (qubit) [5]. A qubit is the
mathematical entity that carries quantum information and

it is also known as physical object which carry quantum
information. The qubit is a quantum analogous of clas-
sical bit 0 and 1. The classical bit can exist either on
state 0 or 1, but the qubit can exist in continuum states
between |0〉 and |1〉, until observed. During the observa-
tion or measurement state of qubit is destroyed to classical
bit either 0 or 1 [2]. The conventional quantum states that
describes the single qubit computational basis states are:

|0〉=
(

1
0

)
and |1〉=

(
0
1

)
(1)

The state of an arbitrary qubit is given by |ψ〉 = α|0〉+
β |1〉, where α and β are the complex number associated
with probability amplitude of the qubits. To apply the dif-
ferent quantum mechanical operators on the state of qubit,
quantum gates are used. The most used gates in quantum
computation are: quantum NOT (X) gate, CNOT (CX)
gate and Hadamard (H) gate, where X and H gates are
single qubit gates and CNOT gate is multiple qubits gate,
which has one control qubit and one target qubit [2]. The
quantum not gate flips the spin of qubit which is analo-
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gous to classical NOT gate, whereas the Hadamard gate
keeps the qubit in superposition state which is fundamen-
tal property of qubit. The effect of different gates on the
qubit of state |ψ〉= α|0〉+β |1〉 are;

Pauli-X: α|0〉+β |1〉 −→ β |0〉+α|1〉 (2)

Hadamard: α|0〉+β |1〉 −→ α
|0〉+ |1〉√

2
+β
|0〉− |1〉√

2
(3)

and

Pauli-Z: α|0〉+β |1〉 −→ α|0〉−β |1〉 (4)

Quantum gates are arranged in a net like structure called
quantum circuit and this is widely used model for quan-
tum coding. The quantum information is passed to quan-
tum circuit in the form of qubits and are manipulated
through gates and measured at the end of operation. The
circuit is read from left to right. Classical components
are also added for reliable storing of information, the
quantum circuit is different from classical circuit in many
ways: the lines in quantum circuit are not actual wires
as in the classical circuit and denote axis of time. The
operation given in circuit are performed in specific order
(left to right) [6]. Several operations of classical circuit
are not available for quantum circuit such as feedback,
fan-in, fan-out etc. The measurement is an interesting op-
eration in quantum circuit where it collapses the state of a
qubit α|0〉+β |1〉 to classical bit 0 and 1 with probability
|α|2 and |β |2, respectively. These qubits are very sensi-
tive to noise and other signals used to control quantum
computer [7]. The sustainable coherence of superposi-
tion of quantum information is challenging task in field
of quantum computing. This process requires far more
precise and better maintenance of quantum system [8,
9] than currently available. The noise introduced by any
cause, relaxation and decoherence corrupts the quantum
state of qubit [9]. This effect of noise must be eliminated
to perform large scale quantum computation and to main-
tain the correct state of quantum information through out
the computation. The general framework of reducing or
eliminating the effect of noise on quantum computation
and quantum information processing is called quantum
error correction [8].
In the recent years, the quantum error correction has
gained considerable interest due to successful develop-
ment of quantum computation theories and small scale
real quantum computers [9, 10, 11]. As the realization
of quantum computer increases, the necessity of error
correction increases more rapidly. Hence, several error
correcting codes are also developed and systematically
studied in past few years [11, 12, 13, 14, 15]. Stabi-
lizer code [5], three qubit error correcting code, the Shor
code, surface code [16] are some examples of quantum
error correcting codes. This codes are found suitable for

large scale quantum computation on superconducting cir-
cuit [17], trapped ions [18] and diamond valency centers
[19]. Recently, even the silicon spin qubits are consid-
ered promising for large scale quantum computation with
the help of surface code and increasing 2 qubit gate fi-
delity to 99.5% [20]. With the advancement of cloud
computing, the International Business Machine (IBM)
released a cloud of quantum computing platform, IBM
Quantum Experience (IBM QX) and it is available for
public too. That provided the opportunity of running
quantum computer (up to 20 qubit) over cloud. Some
remarkable works are also done in this cloud platforms.
Quantum artificial life [21], Quantum router circuit for
quantum computer [22], experimental study on violation
of mermin inequality using 5 qubit quantum computer
[23] are some remarkable works are also done in this
cloud platforms. The state of bit can be copied easily
and measurement does not affect the state of classical
bit, but in case of quantum mechanical error correction,
following problem occurs [9]:

i) Information of quantum bit cannot be copied easily
i.e., it is impossible to construct unitary operator Uc
that performs following operation to qubit |ψ〉,

Uc(|ψ〉⊗ |0〉)→ |ψ〉⊗ |ψ〉 (5)

ii) Qubit can suffer from bit-flip as well as phase-flip
error in contrast to only one bit flip error in classical
bit.

iii) Measurement of wave function of qubit as the part
of error correction collapses quantum information.

Normally errors occurring on quantum computation are
bit flip error and phase flip error in which the bit-flip error
is most dominant error in quantum computation. Suppose
we have a qubit on state α|0〉+β |1〉, then effect of bit flip
is [2]:

α|0〉+β |1〉 → β |0〉+α|1〉 (6)

On the other hand, the phase flip error is also a domi-
nant in quantum computation and it has no analog error
in classical computer. The phase flip error changes sign
of complex number associated with vector |1〉 in compu-
tational basis. The effect of phase flip error is [2]:

α|0〉+β |1〉 → α|0〉−β |1〉 (7)

In this work, we have ran a small scale quantum algo-
rithms and perform experiments over cloud and studied
the implementation of simple 3-qubit error correcting
code in IBM QX. The obtained results revealed that the
numbers of quantum gates used in the quantum circuit
causes error on qubits and gates as well. On quantum
circuits, three qubits bit flip and phase flip error correc-
tion can be employed with an error of less than 20%. The

8 Sharma et al.
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mistake, however, was not found in the same circuit as the
simulator. The accuracy has increased by 7.01 percent as
a result of the measurement error minimization. Further-
more, with higher-accuracy quantum qubits and quantum
gates, the results of error correction may approach those
of the simulator.

METHODOLOGY

Any quantum error correction algorithm consists three
steps: encoding, decoding and correcting errors. En-
coding section entangles data qubit to other qubits and
prepares syndrome qubits. Decoding is process of finding
qubit(s) in which error is introduced and another step is
correcting error qubits by suitable gate operations [11].
We repeat these steps for bit-flip error and phase-flip er-
ror corrections. In addition, we examine the evolution
of error in quantum bits with the increase in number of
gate operations. We have qubit in the pure state which is
written as [2]:

|ψ〉= α|0〉+β |1〉 (8)

This information has encoded and transmitted through a
noisy quantum channel and receiver receives the informa-
tion in encoded state with noise and examines the syn-
drome bits with the application of data qubit correction.
The error in qubit may be either bit flip type or phase flip
type. For the bit flip error correction, simply X gate is
applied to final state of qubit. This is quantum analogous
of classic error correcting code and it can correct the bit-
flip error in only one qubit. In classical error correcting
codes, data qubit is simply copied for the multiple times,
but no-cloning theorem forbids to make an exact copy of
quantum state i.e., |ψ〉 → |ψ〉|ψ〉|ψ〉 is forbidden [6]. In-
stead we prepare extra two qubits on state |0〉 and make
an entanglement of three qubits which are independently
sent through quantum channel. The circuit diagram of bit
flip correcting code is depicted in Fig. 1. The CNOT
gates are used to make entanglement of data qubit. Since
the initial state of syndrome qubit is known as receiver
can track the error by measuring syndrome qubit.
The initial data state is ψ = α|0〉+β |0〉 with (α = 0,β =

1),(α = 1,β = 0), and (α = β = 1/
√

2) where α , and
β are the complex number and |α|2 + |β |2 = 1. The bit
flip error is introduced manually on each qubit one at a
time and encoder section entangles all qubits with the
data qubit (q2). The error is introduced corresponds to
the qubits on the error section, while the decoder section
removes the error on data qubit (if any) and flips the state
of syndrome bit. The Taffoli gate is required on both en-
coder and decoder sections as the Taffoli gate changes the
target qubit if and only if both the control qubits are on
state |1〉. The measurement of qubits destroys the state of
qubit to either 0 or 1 classical bit. The value of α and β is

measured by simulating circuit for many times and using
normalizing condition and this measured state is stored
on classical register. The quantum and classical bits are
mapped logically to diagnose the error with more preci-
sion. In present case, the syndrome qubits are mapped to
most significant classical bits and data qubit to the least
significant classical bit.
Suppose we encode the state α|0〉+ β |1〉 using bit-flip
error correcting circuit into 3 qubits as α|000〉+β |111〉.
Formally, the encoding can be written as;

|0〉 −→ |0L〉 ≡ |000〉 and |1〉 −→ |1L〉 ≡ |111〉 (9)

where |0L〉 and |1L〉 denote the states are logical |0〉 and
logical |1〉 not physical |0〉 and physical |1〉. After making
the entanglement, we now send same information through
three qubits independently. Due to very basic nature of
quantum error circuit, some assumptions should be made
such as:

i) Probability of error must be less than 1/2. For three
qubits circuit, error should not be in two or more
qubits simultaneously.

ii) Only a bit flip error can be corrected by circuit at a
time. In case of other errors, results become worse.

FIGURE 1. Schematic diagram of bit-flip error correcting cir-
cuit for three qubits.

The encoded quantum states may be changed due to
the quantum noise which can be found by syndrome bit
measurement, gives four possible outcomes. For error on
syndrome qubits, nothing is done because information is
protected on data qubit. However, when error is on data
qubit, it is fixed by applying Taffoli gate. If the error is oc-
curred on data qubit, Taffoli gate applies bit flip again and
original state is recovered. The efficiency of any quantum
circuit is measured by a quantity called fidelity, which
measures how far the two states are. The fidelity (ρ) be-
tween a pure state |ψ〉 and arbitrary state ρ is given by
[2]:

ρ = [(1− p)3 +3p(1− p)2]|ψ〉〈ψ|+ ..... (10)

where p is the probability of error on quantum chan-
nel. The variation of minimum fidelity as the function of

9 Sharma et al.
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probability with and without error correction is depicted
in Fig. 2, which clearly shows that the error correction
code works only for the probability p < 1/2.
If the error in quantum computation is phase flip type,
Hadamard gates are used at the end of encoding and be-
ginning of decoding section for each qubit [24]. The
Hadamard gate changes basis of qubit from |0〉, |1〉 to
|+〉, |−〉 and written as

|+〉 ≡ (|0〉+ |1〉)/
√

2 and |−〉 ≡ (|0〉− |1〉)/
√

2 (11)

The circuit diagram for the phase flip error is shown in
Fig. 3. We have performed the error correction for dif-
ferent state as in bit flip code. The Hadamard gates have
been applied before and after quantum channel and error
correction for the different state has been performed. First
Hadamard gate changes computational basis (Z-basis) to
(+) basis. The phase flip error introduced on (+) basis is
changed to bit-flip error and detected using same method
as before. Again, the Hadamard gate is applied after
quantum channel to reverse the changes made by previ-
ous Hadamard gate. Three qubits are prepared on the state
|0〉. On data qubit, control NOT gate is applied to make it
on state |1〉while other qubits are left unchanged. The en-
coder circuit entangles data qubit with other qubits. The
Hadamard gates are applied on all qubits that changes the
basis of operation to (+). The phase flip error is manually
introduced on one of the qubits at a time and again the
Hadamard gates are applied on all the qubits, and basis is
restored to computational state (Z-basis).

FIGURE 2. Fidelity of three qubits error correcting code.

There may be some background noise which may present
during qubit preparation and measurement and such
noises can be mitigated using simple algebraic noise
mitigation technique. Different qubit states are simply
prepared without any other operation and measured. The
three qubits measurement can give have eight different
possible states: 000, 001, 010, 011, 100, 101, 110 and

111. If each of eight states are prepared and measured
for 1000 times, maximum counts are obtained for the
prepared state but other seven state also may arise as
noise and a 8x8 calibration matrix (M) is obtain. If CN
is the count matrix obtained by measuring output of any
error correcting experiment, the measurement of error
mitigated counts can be obtained as [25];

CM = M−1×CN (12)

where M is the 8×8 calibration matrix.

FIGURE 3. Circuit diagram of phase flip error correction.

RESULTS AND DISCUSSIONS

IBM has provided several computational back-ends for
public with various architecture and computing power.
The accuracy of available back-end is calculated by
counting number of times the correct state obtained. A
best back-end is selected by computing accuracy of each
on different test circuits. This process is repeated for
different circuits, identical to our circuits on error cor-
rection on all available back-ends. The variation of an
accuracy percentage of 1000 measurements for different
test back-ends is shown in Fig. 4. The mean accuracy is
taken after several computations on different test circuits
and error bar shows the standard error of mean accuracy.
The circuit is assumed to be accurate if all the qubit states
match their theoretical state. It is found that an accuracy
of individual qubit is usually higher than this value. The
ibmq_ourense and ibmq_vigo have higher accuracy on
almost all circuit and ibmq_burlington has low accuracy.
Despite of the same circuit and similar back-end architec-
ture, there is variation on the error rates and this variation
is due to the variation of error on individual qubit and
error on different gate operations on different back-ends.
On average ibmq_ourense has 77.9±3.09 percent accu-
racy as highest accuracy among five back-ends and the
waiting time on ibmq_ourense is lower than others, so we
have used this back-end for error correction purpose. A
back-end have different qubits and each qubits have dif-
ferent error rate. For the efficient computation, we have
to map our circuit to ibmq_ourense such that overall error
is minimized. It is usually done automatically by IBM
QX and sometimes it needs to be reconfigured. Three

10 Sharma et al.
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qubits error correcting code works only when probability
of error is small (p < 0.5). Thus, we have studied evolu-
tion of error on different qubits by increasing number of
operations on qubits. With the increase in number of gate
operation, error rate also increased but rate of increment
on individual qubit is found to be different. This shows
the fundamental difference in the nature of qubits and
their error rate.

FIGURE 4. Bar graph showing accuracy of different back-ends
on test circuits.

For the bit flip error correction, circuit is prepared as
shown in Fig. 1 with error on third qubit. When the data
qubit was on state ψ = α|0〉+ β |1〉 with α = 1 and β = 0,
the probabilities of different state are obtained as shown
in Fig. 5. The histogram shows difference in probabil-
ities of different states for ibmq quantum computer and
the local simulator with bit flip error. Local simulator
is qasm_simulator provided on Qiskit API which acts
as an ideal quantum computer and ibmq_ourense which
is noisy quantum computer. The local simulator does
not show any error on measurement, but ibmq_ourense
shows error. The ibmq_ourense has finished the work
with 90.9% accuracy on data qubit, 89.4% on first qubit
and 94.0% accuracy on second qubit. The simple circuit
shows error about 10% due to the error on qubit and gate
itself. If the qubits and gates are made more robust, quan-
tum computer result approaches simulator result.
Number of counts of different states when error is man-
ually applied to q0, q1 and q2 for data qubit state |1〉 and
superposition state are presented in Tables I and II. The
resultant outcomes of the computation with errors on dif-
ferent qubits are kept on corresponding rows of the tables.
The column label on each table denotes the final states of
three qubit when measured. All eight possible classical
states are obtained with small proportion. The maximum
number of counts for data qubit state |1〉 have third classi-

FIGURE 5. Result of measurement error correction circuit for
data state.

cal bit 1 as shown in Table I. In Table II, there are around
50% counts for state 0 and same for state 1 which shows
the data qubit is in superposition state before measure-
ment. In 2nd and 3rd row, when error is introduced in q0
and q1, the dominant state is found to be other than 111.
This shows that one of the qubit is flipped, but the state
of data qubit is same as initial state. The decoder section
corrects the error on data qubit and gives state same as
initial.

TABLE I. Number of counts for 1000 shots with initial data
qubit at state |1〉.

Error 000 001 010 011 100 101 110 111
None 68 804 16 40 11 37 13 11

1 24 57 60 796 6 7 29 21
2 14 100 9 4 67 767 26 13
3 127 20 49 35 47 53 69 710

TABLE II. Number of counts for 1000 shots with initial data
qubit at superposition state.

Error 000 001 010 011 100 101 110 111
None 428 434 30 31 26 24 15 12

1 48 35 397 413 16 20 35 36
2 43 41 19 16 460 336 30 55
3 11 10 56 39 45 23 380 436

Fig. 6 shows error rates in different qubits for differ-
ent states (a) state |0〉 and (b) state |1〉 with the error in
q0, q1 and q2. The error is introduced in any one of the

11 Sharma et al.
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qubit one at a time. The average error is least in all state
when no manual error is introduced. We couldn’t find
significant variation of error rates on the qubits. There
is no pattern on error and error is found to be random.
The randomness in measurement occurs due to quantum
decoherence, physical noise and cannot be controlled re-
motely. This shows that the error is random and error
correcting circuit performed well on any condition of bit
flip error with overall error less than 20%. Fig. 6(a)
shows that the average error is relatively high in qubit q0
while in Fig. 6(b), the average error is high in qubit q2.
This result shows data qubit state is protected in all cases
with error less than 18%. The error rate in data qubit has
not a definite pattern that shows the error is independent
of qubit in which error is introduced.

FIGURE 6. Error rate for data qubit for |0〉 and |1〉 state (a)
state |0〉 and (b) state |1〉.

Phase flip error correction circuit is slight modified form
of bit flip error correction circuit as shown in Fig. 3. The
data qubit is prepared for three different states |0〉, |1〉
and superposition state. Tables III, IV and V show the
result of measurements of three qubits for data qubits on
(a) state |0〉, (b) state |1〉 and (c) superposition state. The

error qubit is specified by row heading on each table and
first column shows error qubit and other eight columns
are result of measurement of the corresponding states.
First two bits of each state represent binary equivalent of
error qubit and last bit denotes data bit which needs to be
protected against any errors on the circuit. In Table III,
a large number of counts occurs for the state with least
significant bit (last bit) 0 and other states also exist with
small proportion indicating errors. Similarly, in Table IV,
most occurred state is the state with last bit 1.

TABLE III. Result of phase-flip error correction for state |0〉

Error 000 001 010 011 100 101 110 111
None 722 88 46 35 43 16 16 34

q0 55 18 825 33 2 1 0 25
q1 96 22 10 7 777 40 30 18
q2 17 21 52 50 41 29 748 42

TABLE IV. Result of phase-flip error correction for state |1〉.

Error 000 001 010 011 100 101 110 111
None 201 506 48 47 42 76 49 31

q0 12 51 66 775 15 16 31 34
q1 15 93 27 23 46 716 41 39
q2 32 24 95 33 38 70 55 653

TABLE V. Result of phase-flip error correction for the super-
position state.

Error 000 001 010 011 100 101 110 111
None 362 501 30 25 32 29 11 10

q0 65 40 444 361 18 16 28 28
q1 35 57 17 13 371 449 32 26
q2 18 17 35 37 41 62 432 358

In Table V, most occurred states are on nearly 50-50
ratio. This concludes the preservation of data qubit state
even with error is occurred and with no manual error
present on the circuit; however, some error is obtained in
each state. Thus, there is some noise and other errors are
presented. The last row of each table is related to data
qubit while the first row of each table is output of error
correction circuit without any error. The first two bits
of most probable state for first row are 00 indicating no
error at all. On the second row, the most probable state
has 01 as its first two bits. This indicates that the error
is on first qubit. On the third row, the error bits have
state 10 indicating error on qubit q1. On the last row, the
error qubit have state 11 indicating error on q2. For the
error on q0 and q1, the error qubit is successfully identi-
fied. Since error on the syndrome bit does not affect the
data qubit, only error occurred indication is performed.

12 Sharma et al.
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In case of error on the data qubit, state is recovered and
error indication is also done to obtain initial state of the
data qubit.

For overall acceptance of the given circuit for phase
flip error correction, error in the individual qubit is to be
calculated. Figure 7 shows accuracy of individual qubit
on each state of computation performed. The error qubits
are separated by the different colors and the data qubit
states are separated by columns. An accuracy of individ-
ual qubit for all experiments are calculated and average
is taken for each error state. An accuracy is almost same
for all the state and qubits and the maximum accuracy is
for qubit q0 on the state |0〉 with 90.5%±1.66%, whereas
the minimum accuracy is for the qubit q0 on the state |1〉
(79.7% ± 5%)). The superposition state has highest ac-
curacy (on average) with low deviation. This result shows
phase flip error correcting circuit can be implemented on
ibmq_ourense.

FIGURE 7. Accuracy of qubits on the different states.

One of the type of errors that can be addressed without
physical access to quantum computer is the measurement
error. A calibration matrix is calculated for all the possi-
ble states with three qubits. This matrix gives the correc-
tion factor in order to obtain more correct result and the
calibration matrix is obtained as:



0.951 0.038 0.038 0.001 0.030 0.000 0.001 0.000
0.016 0.936 0.002 0.042 0.001 0.029 0.001 0.000
0.020 0.001 0.937 0.040 0.000 0.011 0.029 0.001
0.001 0.016 0.015 0.909 0.000 0.001 0.001 0.038
0.012 0.000 0.000 0.000 0.946 0.034 0.048 0.001
0.000 0.009 0.000 0.000 0.009 0.899 0.000 0.034
0.000 0.000 0.008 0.000 0.014 0.001 0.905 0.023
0.000 0.000 0.000 0.008 0.000 0.250 0.015 0.903



The principal diagonal elements show the correct result
percentage for the given state from 000 to 111 and off di-
agonal elements on each row represent error occurred for
correct state given by diagonal element. When we operate
this matrix with the result, we have obtained more accu-
rate results. The error mitigation is performed for all the
states and error on all qubits. Figure 8 shows the compar-
ative counts of noisy, mitigated and simulator results. Fig-
ure 8(a) shows the result of operations for the data qubit
on state |0〉 with error on the third qubit for the bit flip
error and the simulator gives 100% corrected results. It
is clearly seen that there is improvement in probability
of correct state after applying measurement error mitiga-
tion technique and probability of incorrect is decreased
after applying error mitigation. Figure 8(b) shows the re-
sult of similar operation with data qubit on the state |0〉
and with data qubit on superposition state, respectively.
The simulator result is 100% in agreement with theory
for all the measurements. Figure 8(c) shows the compar-
ison of probability of different states for noisy, mitigated
and simulator counts when state of data qubit is in the

1√
2
|0〉+ 1√

2
|1〉 state. Hence, the probability is nearly 0.5

for both the classical states 110 and 111. These clearly
indicate the error mitigation improves probability of true
states. By applying the error mitigation technique, the
obtained results have been improved by an amount 5.2%
in terms of magnitude. Also, the error improvement ra-
tio is nearly same for all the measurements. This shows
that the measurement error occurs while probing quan-
tum state of qubit and doesn’t depend upon initial state of
qubit as well.
Figure 9 shows the comparative probabilities of differ-
ent data qubits state before and after the application of
measurement error mitigation on the phase flip error cor-
rection circuit. The average probability of different data
qubits state is shown and it is found that the improvement
on probability of each state is nearly same which is 0.071
in average.

CONCLUSION
With the help of Qiskit API in python, we have performed
the three qubits bit flip error correction and phase flip er-
ror correction experiment on IBM QX. We test a sam-
ple circuit on different quantum computers in IBM QX,
in spite of their similar qubit architecture, ibmq_ourense
is found to be more accurate and stable with accuracy
77.9%±3.09% for our work. The error rate on each qubit
of same quantum chip is found to be different and in-
creases linearly with number of quantum gates used. This
restricts use of large and complex circuit implementation
on IBM QX with current hardware and three qubits er-
ror correction code seems suitable for implementation on
the ibmq_ourense for demonstration purpose. For three
qubits bit flip error correcting code, the state 1√

2
(|0〉+ |1〉)
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FIGURE 8. Counts for error on third qubit for (a) state |0〉, (b)
state |1〉 and (c) superposition state.

has lowest error and the state |1〉 has highest error on the
average. The average accuracy of bit flip error correction

FIGURE 9. Phase-flip error correcting circuit mitigated results.

circuit including error on qubit itself, quantum gates and
measurement error is 89.9%±1.01%. Similarly, for the
phase flip error correcting code, the error is high for the
state |0〉 and almost same for other two states. On av-
erage phase flip error correction accuracy is found to be
88.05%±1.89% In this case with the maximum accuracy
90.5%±1.66% and minimum accuracy 79.7% ± 5.00%.
In addition, for very few number of quantum gates, an
error on the individual qubit is same except very small
random error and is tested using a simple measurement
error mitigation technique. This technique improved our
result for bit flip error correction and phase flip error cor-
rection code as well. The obtained results show that the
error decreases by an average factor of 5.01 % in bit flip
error correction and 7.01% in phase flip error correction.
These quantum computer of early phase are found to be
suitable only for very small and simple quantum experi-
ment. To achieve scalacable quantum computer, noise on
qubits and gates should be reduced significantly.
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