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1 Juypter Notebooks

There are three Juypter notebooks delivered as part of this research project. They are
written in Python and using scikit-learn Python machine learning library (Pedregosa
et al.; 2011) and IBM Qiskit software development kit for quantum computing (ANIS
et al.; [2021)). The notebooks are as follows:

e QiskitIntro.ipynb : Introduction to Qiskit and quantum computing through ex-
amples

e (lassicallris.ipynb : Exploration of the Iris dataset using conventional machine
learning techniques from scikit-learn

e Quantumlris.ipynb : Classification of the Iris dataset observations using SVM ker-

nels produced by quantum computing processors via Qiskit

1.1 Demonstration Videos

The following set of hyperlinked demonstration videos are a guided tour of the notebooks
and the IBM Quantum environment

e QiskitIntro.ipynb Part I: Introduction to Qiskit and quantum computing through
examples

e QiskitIntro.ipynb Part II: Introduction to Qiskit and quantum computing through
examples

e (lassicallris.ipynb: Exploration of the Iris dataset using conventional machine
learning techniques from scikit-learn

e [IBM Quantum: A guided tour of the IBM Quantum environment

e Quantumlris.ipynb: Classification of the Iris dataset observations using SVM ker-
nels produced by quantum computing processors via Qiskit

2 Runtime Installation Prerequisites

The notebooks are designed to run on a local JuypterLab server installation or a cloud
based notebook environment specifically IBM Quantum Lab or Google Colaboratory.


https://web.microsoftstream.com/video/c97512ca-2479-4896-b557-a57363de6671
https://web.microsoftstream.com/video/c75be127-9127-4a4b-8ffc-d7d10f242d13
https://web.microsoftstream.com/video/c86e369a-730a-4753-9218-659afcb8374e
https://web.microsoftstream.com/video/c0fc2f9f-4b4c-4bbb-888f-63ce76c932e4
https://web.microsoftstream.com/video/c0e2dc34-d552-44a1-8e37-bed2228ddaa7

2.1 Local JuypterLab Installation

It is recommended to install the Anaconda Python distribution platform as the simplest
way to deploy JuypterLab. For instructions on deploying Anaconda please see https:
//www.anaconda.com/products/individual.

For instructions on installing JuypterLab individually as a stand alone application
please see https://jupyter.org/installl

It is recommend that a PC with at least 4 CPUs, 8GB RAM and 100GB of free disk
space is used. Otherwise the cloud hosted notebook servers are recommended.

Note that even if running a locally installed Juypter notebook server, if actual quantum
processing backends are required then an IBM Quantum account and API token is re-
quired. Sign up for these at https://quantum-computing.ibm.com/

2.2 Cloud Hosted Juypter Notebook Servers

IBM Quantum Labs https://quantum-computing.ibm.com/|is recommended especially
with its additional IBM Quantum Composer and IBM Quantum Services forming a com-
plete quantum computing development environment.

It is also possible to run the notebooks in Google Colaboratory https://colab.
research.google.com. Note that even if running on Google Colaboratory, if actual
IBM quantum processing backends are required then an IBM Quantum account and API
token is required. Sign up for these at https://quantum-computing.ibm.com/

3 IBM Quantum Environment
Figure [1] shows the Juypter notebook environment in IBM Quantum Lab.

1 untitied.ipynb - Quantum Lab - X+ = [m} b

« C @ O E} https://quantum-computing.ibm.com/lab/files/Untitled.ipynb ks [\ eS| 9 D * ﬁ

IBM Quantum Lab

O Labfiles Kernel ) jupyter
o File Edit View  Insert  Cell Kernel — widgets Help
Q ¥ B + 3 & B 4+ % PR B C W Code v @ 4+ 0
[RE]
Memeory: 243.9 MB / 8 GB
Name Updated \[, -

import numpy as np
= Untitled.ipynb af ¢ Importing st 0
from qiskit import QuantumCircuit, transpile, Aer, IBMQ

[ qiskit-textbook 16 minutes ago from giskit.tools.jupyter import *

from qiskit.visualization import =

R R from ibm_quantum_widgets import =
[3 giskit-tutorials 15 minutes ago

tum-challs 9 days ago T o
[Eifguanivschalsnps 7 ays ag provider = IBMQ.load_account()

Figure 1: Juypter notebook environment in IBM Quantum Lab
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Figure [2| shows the graphical construction of a SWAP Test circuit in IBM Quantum
Composer with Qiskit Python code generation along with quantum state representation
as a probability distribution histogram and in Bloch Sphere representation.
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Figure 2: SWAP Test circuit for measuring fidelity between quantum states in IBM
Quantum Composer

Figure 3| shows a sample of the publicly accessible physical quantum computing sys-
tems from IBM Quantum Services. The number of physical qubits determines the max-
imum size of the dataset that can be encoded.
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Figure 3: A sample of the publicly accessible physical quantum computing systems from
IBM Quantum Services



4 Python Dependencies

scikit-learn [Pedregosa et al.| (2011)) is a standard Python machine learning library de-
pendency so it is assumed that this is present in your Python environment. If not then
install it using ’pip install scikit-learn’. It comes with the Anaconda Python distribution
as standard.

Qiskit must be installed as a one-time operation. It has quite a long dependency
list. Please uncomment the following section in the notebooks that require Qiskit spe-
cifically. It does not need to be repeated once the packages are installed in your Python

environment.
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Figure 4: Qiskit python dependencies

5 IBM Quantum Tokens and Quantum Processor Backend
Access

Note that in order to access the actual IBM quantum processor backends then you need
an IBM Quantum API token. This is available upon setting up an account with IBM
Quantum at https://quantum-computing.ibm.com/. Your Token API will be displayed

on the dashboard as shown in Figure
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Figure 5: IBM Token on IBM Quantum dashboard

This token should then be inserted into the notebooks at the position shown in Figure
0]

from giskit import IBMQ

Figure 6: IBM Token storage in Juypter notebook

6 IBM Quantum Backends and Runtimes

In the main Quantumlris.ipynb notebook, the least busy IBM Quantum backend is chosen
by the notebook. However access to these devices is done on a first come, first served
basis and a fairshare method of processor execution during the job runtime. This can
lead to substantial delays in running the notebook.

For example, Figure [7] shows an elapsed time of over 50 minutes for the least busy
public access 5-qubit IBM quantum processor to produce a precomputed kernel for the
Iris dataset for an actual CPU time of just over 1 minute. The notebook calculates
4 different precomputed kernels using the quantum processor so there is a substantial
runtime for the entire notebook as delivered.
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Figure 7: IBM Quantum backend runtime for a single precomputed quantum kernel

An alternative to running on the actual IBM quantum processor backend is to use
a local Qiskit simulator. There are two alternative quantum simulators provided as
shown in Figure[8] The statevector simulator simulates an ideal error-corrected quantum
processing backend and represents the best theoretically achievable result. Perhaps of
more interest is the gasm simulator which has a built in noise model for simulating
current era NISQ devices which are non-error corrected and susceptible to environmental
noise. This simulator will be more representative of the physical quantum processing
backends but run a lot faster. Uncomment the simulator of choice from the code block
shown in Figure

from giskit.providers.ibmq import least busy

small devices = provider.backends(filters=lambda x: x.configuration().n_gubits == 5 and not x.configuration().simulator)
backend = least busy(small devices)

print (backend)

Figure 8: IBM Quantum Backends

The circuit executions may be monitored in IBM Quantum Jobs view as shown in
Figure [9]
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Figure 9: IBM Quantum Job statistics
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