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Abstract—Shor algorithm is one of the most spectacular
discoveries in quantum computing; that quantum computer can
solve problems which is not feasible on a classical computer.
Quantum Fourier Transform (QFT) is the key ingredient for
factoring and many other interesting quantum algorithms. We
demonstrate the implementation of QFT on the noise model of
IBM superconducting quantum devices. We show that by utilizing
the measurement error mitigation method, we can correct the
solution of QFT for some use cases on the IBM quantum
computing device.

I. INTRODUCTION

Quantum computers can perform tasks exponentially faster
than classical computers. Quantum computers represent a
fundamentally new paradigm for processing information. A
quantum bit, or a qubit, in short, is a quantum counterpart of
the bit, which is a two-dimensional state vector that can be
decomposed into a linear combination of orthonormal basis
states—called quantum superposition. Shor’s prime factoriza-
tion algorithm is one of the most well-known algorithms that
illustrate the capabilities of quantum computers. Solving this
computational problem in a traditional computing environment
would take billions of years, but in theory, a quantum computer
might do it in a few hours. Another significant discovery is
the quadratic speedup of the Grover quantum search algorithm
over conventional algorithms for searching over an unsorted
database.

Quantum Fourier Transform (QFT) is the important element
used by both algorithms. The classical task of computing
Fourier transforms of classical data is not sped up by applying
the quantum Fourier transform on the quantum mechanical
amplitude. However, one crucial task it does enable is phase
estimation, which, under certain conditions, approximates the
eigenvalues of a unitary operator and enables us to tackle other
issues like factoring problems and quantum search algorithms
[1]. However, operating devices for quantum processing have,
and still do, face several challenges. We are in the age of
noisy intermediate-scale quantum (NISQ) technology. Error
mitigation has been proposed as a partial solution to this
problem [2], [3].

In this paper, we examine a method for measurement error
mitigation that utilizes the error probability matrix, and a linear
equation system [4]. Then we implement this technique on an
IBM quantum computer to demonstrate how error mitigation

can reduce errors to find the correct solution of the 5-qubit
use case on the real device.

II. METHOD

Quantum Fourier Transform (QFT) algorithm is an exten-
sion of the Discrete Fourier Transform (DFT) to the quantum
domain, with exponential speed-up due to superposition and
quantum parallelism. The QFT is fundamentally the same as
the Fast Fourier Transform (FFT) in that it executes a DFT
on a list of complex, but the output of the QFT is stored as
amplitudes of a quantum state vector. The QFT is identical to
DFT with a different notation and is defined by

|j⟩ → 1√
N

N−1∑
k=0

e2πijk/N |k⟩ , (1)

where the amplitudes yk are the DFT of the amplitudes
xj . With a little algebra, QFT can be defined in the binary
representation

|j1, · · · , jn⟩ →
(
|0⟩+ e2πι̇0.jn |1⟩

)
· · ·

(
|0⟩+ e2πι̇0.j1···jn |1⟩

)
2n/2

.

(2)

We use a measurement error mitigation technique to remove
the measurement error on the noise model of the quantum
computing device. In this technique, we adjust the results on a
measurement device using Positive-Operator Valued Measure
(POVM) [5]. The noise model we defined as the POVM is
identical to invertible classical post-processing of experimental
data, and it can therefore be inverted merely by classical
post-processing. Let’s use the term Mideal to designate an
n-outcome quantum measurement that, in theory, ought to be
connected to our measurement tool. In reality, some POVM
Mexp serves as an actual measurement defining our equipment
due to the existence of noise. In this model, we suppose that
the relationship between Mideal and Mexp is represented by

∀i Mexp
i =

∑
j

p(i|j)M ideal
j , (3)

The left-stochastic property of Λ means that
∑

i Λi,j =∑
i p(i|j) = 1. Let’s refer to the ideal probability vector that

would have been acquired in the perfect device as pideal, and
the probability pexp vector obtained in an experiment using a
noisy device is given by
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Fig. 1. Probability distribution as a function of binary integer of 5 qubits. We can see that error-mitigated methods correct the error on ibm device and give
us the desired result after implementing the Quantum Fourier Transform.

pexp = Λpideal, (4)

According to this, one may left-multiply pexp by its inverse to
get the statistics one would have obtained from experiments
on the ideal quantum computer.

pideal = Λ−1pexp (5)

This allows us to mitigate the experimental noise through
classical post-processing. The current IBM quantum devices
has this measurement noise model

III. RESULTS

We perform the QFT on IBM fake simulator device. This
simulator makes use of actual quantum device noise data from
IBM. We will specifically apply the ibmq quito noise model
in this experiment.

First, we created 5 qubits QFT circuit consisting of two
types of gates. We use Hadamard and controlled rotation
CROTk gate. They are defined as

HHH =
1√
2

[
1 1
1 −1

]
, CP (θ) =


1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 eiθ

 , (6)

where θ = ϕ/2k−1.
Next, we encode a number in the qubits based on a

computational basis. In this experiment, we use the number 3,
defined by ’00011’ in binary. After that, we applied the QFT
and inverse QFT to return the initial quantum state. To provide
us with the ideal results that will serve as our benchmark for
evaluating the effectiveness of the error mitigation method,
this circuit is first implemented on the Qiskit Aer simulator.
Afterward, we ran this circuit 10 times and averaged the result
on the simulator with the ibmq quito noise model. On each run
of the circuit implemented on the simulator with and without

the noise model, we used 1024 shots. We use measurement
error mitigation for each run to compare the unmitigated and
mitigated effects. From Fig. 1, in this case, we can see that
the results from real hardware have errors and are different
from what we see on the simulator without noise. On the
other hand, the results gave the correct outcomes after applying
measurement error mitigation.

IV. CONCLUSION

In this paper, we investigated a measurement error miti-
gation technique to reduce error when running a quantum
circuit in a NISQ device. Additionally, we used the QFT
algorithm as an example to show how to mitigate errors on
an IBM quantum computer and demonstrated how, in some
circumstances, classical post-processing could help reduce
errors in NISQ-era devices.
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