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Quantum Information Software Kit (Qiskit) is an open-source SDK for working with quantum
computers of IBM Quantum Experience, and it is available for everyone who is interested in
programming real quantum computers. Open Quantum Assembly Language (OpenQASM) is an
intermediate representation of quantum instructions. Jupyter notebook is a web-based interactive
computational environment for the creation of notebook documents for Python language. In this
paper, we introduce four compact versions of Jupyter notebook environment to help students start

programming with IBM Quantum Experience using Qiskit and OpenQASM.
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Fig. 1. (Color online) Quantum circuit diagram of the
Bell state or EPR pair. Hadamard and CNOT quantum
gate have been applied to the quantum register q0 and
ql. The results of the quantum measurement are placed
to the classical register c.
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Anaconda Navigator (anacond...

Anaconda Powershell Prompt...

Anaconda Prompt (anaconda3)

Jupyter Notebook (anaconda3)

Reset Spyder Settings (anacon...

Spyder (anaconda3)

Fig. 2. (Color online) Menu of Anaconda on PC. The
icon of Anaconda Prompt (anaconda3) is used to in-
stall qiskit and pylatexenc. The icon of Jupyter Notebook
(anaconda3) is used to open the Jupyter notebook.

- Anaconda Prompt (Anaconda3) - olEN|

(hase)> C:tfisersHXNOTE>

pip install qiskit

pip install pylatexenc

Fig. 3. (Color online) Window of Anaconda Prompt. En-
ter “pip install qiskit” and “pip install pylatexenc” at
the prompt.
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" Jupyter paper_newp2207_bloch_h Last Checkpoint: X% 222
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In [1]: from giskit import =+
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2 111 (autosaved) P Logout

Not Trusted | Python 3 (ipykemel) O

from qgiskit.tools.visualization import plot_histogram, plot_bloch_nultivector

In [2]: a = QuantumRegister(1, 'a')
¢ = ClassicalRegister(1, 'c')
ac = QuantumCircuit(a, o
qc. drawlout put="npl '}

Fig. 4. (Color online) The layout of the Jupyter notebook. After the input of the first cell (In [1]) press [shift]+[enter]
of the keyboard to execute the cell. Tt is the same case as that of the notebook of the Mathematica software [18].
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In [1]: | from giskit import =+
from aiskit.tools.visualization import plot_bloch_multivector

In [2]: o = QuantunRegister(2, 'a')
¢ = ClassicalRegister(2, 'c')
gc = QuantunCircuitia, <)
ac.hial0l)
ac.cxfall], all])
gc.measure(a, ¢
ac. drawloutput="npl ")

o g —

2 0 il

In [3]: simulator = &er.get_backend('statevector_sinulator')
job = executefqc, backend=sinulator)
result = job. result()
print{result, get_statevector())
plot _bloch_nult ivector(result. get _statevector())

Out [2]:

a1

Statevector([0.+0.J, 0.+0.], 0.+0.], 1.+0.]1,

dims=(2, 2]]
out 131 qubit 0 qubit 1
[0) [0)

Fig. 5. (Color online) Python program for executing

quantum instructions on PC simulator to plot the Bloch
sphere of the Bell state.
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In (11 from aiskit import +
from giskit.tools.visualization import plot_histogram

In [2]: a = QuantunRegister(2, 'q')
¢ = ClassicalRegister(2, "¢’
gc = QuantumCircuit(a, c)
ac.hial0])
gc.cxlall, al1])
gc.measurefa, ¢
gc. draw(output="npl )

out [2]:
do
@ #
0 1

In [3]: simulator = #er.get_backend( ' gasn_simulator')
job = execute(ac, backend=simulator)
result = job. result()
print{result.get_counts(ac))
plot _histogran(result .get_counts(ac))

{*11': 504, '00": 520}
out [3]: 0.60

0508 0,452

0.45 4

Probabilities
o
w
o

o
-
wn

0.00 -

5 5

Fig. 6. (Color online) Python program for executing
quantum instructions on PC simulator to plot the his-
togram of the Bell state.
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In [1]: from giskit import *
from giskit.tools.visualization import plot_histogram
from aiskit.tools.monitor import job_monitor

In [2]: a = QuantunPegister(2, 'a')
¢ = ClassicalRegister(2, 'c')
qc = QuantumCircuit(a, ¢)
ac.hlal0])
qc.cx(alll, alll)
qc.neasure(q, c)
qc. draw(output="npl ")

out [2]:
do
q1
0 E 1

In [3]: IBMQ. load_account ()
provider = |BHQ.get_provider( ibn-a')
qconp = provider.get_backend( ' ibna_manila’)
job = execute{ac, backend=aconp)
job_nonitor(job)

Job Status: job has successful ly run

In [4]: result=job.result()
print{result.get_counts(ac))
plot_histoaran(result. get_counts(ac))

{'00": 1913, '01': 98, "10': 107, "11': 1882}
Out [4]:
0478 0470
0.45
w
Q@
% 0.30
[
Q
o
&
0.15
0025 0027
0.00
8 S 4 il

Fig. 7. (Color online) Python program for executing
quantum instructions on the real IBM quantum com-
puter at the system “ibmqg_manila” to plot the histogram
of the Bell state.
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Details

59m 17.6s Sent from AP

Total completion time m

ibmg_manila

setEm Provider ibm=g/open/main

mode fairshare
# of shots 4000
# of circuits 1

Created on Jun 25, 2022 10:28 PM

Jun 25,2022 10:28 PM
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Created: Jun 25, 2022 10:28 PM
Transpiling

Validating: 922ms

In queue: 58m 57.7s

Running: 6.

e sy

Completed: Jun 25, 2022 11:27 PM

Fig. 8. (Color online) Details of the job sent to the IBM system “ibmq-manila” of the Python program in Fig. 7.
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> Job Status: job is being validated
> Job Status: job is queued (...)

> Job Status: job has successfully run
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Figure 79] Tn [4]-= #7128} 2}, chat Aol 4] [01)
T [10)01A ZH7F 2.5%2F 2.7% Lho = AL A4 At A
FEj0]7] who] noiseo] oI5 Ao F2 4 rk.

Table 1. Available IBM quantum computers of 22 sys-
tems with their qubits at the stand of June 25, 2022.

System Qubits System Qubits

ibm_washington 127 ibmq-guadalupe 16
ibmq_brooklyn 65 ibm_perth 7
ibm_ithaca 65 ibm_lagos 7
ibmgq_kolkata 27 ibm_nairobi 7
ibmq_montreal 27 ibm_oslo 7
ibmqg-mumbai 27 ibmq_jakarta 7
ibm_cairo 27 ibmqg_manila 5
ibm_auckland 27 ibmq_quito 5
ibm_hanoi 27 ibmg_belem 5
ibmq_toronto 27 ibmq_lima 5
ibm_peekskill 27 ibmg_armonk 1
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gc = QuantumCircuit.from_gasm_str(qasm_string)
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In [11: from qiskit import *
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OPENOASH 2.0:
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h al0l:
cx al0l, alll:
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neasure al1]l -> c[1];
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do
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0 i 1
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plot_histogran(result.get _counts(ac))
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