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[II] Interviews
a. Questionnaires (Next page)



General information



Name of the participant:

Date of the survey:



By signing this document I hereby grant my consent for the utilization of the data I provided in the 
survey for research purposes.



Signature: 

Context: How Might ChatGPT Improve the Accessibility of Quantum Computing?



The research project deals with the use of large language models, in particular, the widespread 
ChatGPT as a means of learning for complex topics such as quantum computing.



The purpose of the research is to explore the possibility of using this tool to help non-experts in the 
writing of working algorithms for Quantum computers, with the addition of explanations and guides to 
understand both the cognitive processes behind the code and the real implications of certain 
algorithms.



One of the first questions to be answered is “Who Could Benefit from This Approach?” to try to 
understand how to use this application and determine its level of difficulty and language complexity.

The assumption is that people interested in the technology but not necessarily with coding skills 
would like to learn how to code. In particular, they are divided into 4 possible categories: Classical 
Code Quantum maestro, Classical Code Quantum Voyager, Quantum theory maestro, and Quantum 
code newbie.

Questions

  Given the assumption that the ideal target audience is individuals interested in technology but 
lacking coding skills who aspire to acquire coding expertise, do you believe this assumption to be 
accurate or not? Please provide your rationale for your stance.

18/10/23

I think this assumption is partially true. In my experience, people who have heard of quantum
computing and want to take the next step of learning how to work with it usually have a general 
interest in technology and often some technical skills as well, even at a basic level. Because quantum
computing is still at such an early stage, especially in terms of supporting developers, there's quite a 
high barrier to entry. I think ChatGPT would certainly be a natural fit for people who don't have coding
skills generally and want to learn more, but the added context of quantum computing 
makes it less likely that people with no coding experience would engage with the topic in this way.



  Considering the complexity of the subject matter, what type of preparation do you believe is 
requested for the ideal target audience of this project? In your perspective, is it imperative to 
possess a solid understanding of both quantum theory and coding? Or do you think having not 
such knowledge might not be an issue?

 Still regarding the identification of the ideal user; do you believe that there exists a more 
appropriate academic level that would facilitate a better understanding of these issues? Please 
provide your rationale for your statement.

 In conclusion, do you perceive potential domains where the application and instruction of this 
approach to non-experts could generate even greater value? For instance, in fields like design, 
economics, geology, or any other areas you may have in mind?

Thank you for your collaboration and time spent, it is really appreciated. If you are interested in finding out the search results and 
staying informed please select yes or no.

NOYES

I don't think a deep knowledge of quantum mechanics is needed to work with quantum computing
in a practical sense, but since the way we currently work with quantum computers is mostly through 
existing programming languages, some knowledge of coding would be very helpful. I think if someone
approaches this topic with no knowledge whatsoever of coding it might be too much information at
once. That being said, the level at which simple QC programs are written is probably quite accessible
for someone who has a small amount of coding experience. For very simple circuits it's mostly just
initialising a few qubits and adding some gates to them, then measuring and seeing what happens.
If someone understands what objects, variables, functions, etc. are at a basic level I think it would be
enough. 

I can imagine perhaps students in a computer science course—specifically those focused on develop-
ment or implementation—using this approach to quickly generate and play with code snippets. Such
students would hopefully have enough understanding of programming concepts and techniques to be
able to parse the code whilst benefitting from the rapidity and scaffolding this approach might offer.
I do wonder, though, if the reliability of ChatGPT's generated code might cause problems; if someone 
doesn't already have expertise in coding with/for quantum computers,  how can they identify potential
errors in the code?

Perhaps this approach could be helpful for developers in potential application domains (e.g. finance,
cybersecurity, manufacturing) to start building an awareness of and hands-on skills for working with
quantum computers. For technologies in general, this approach could be useful for a range of 
technology-adjacent disciplines, although I do think that more clarity is needed on how to identify
errors or misalignments in generated code without expertise.

X



Generai infarmation 

Name of the participant: 

Date of the survey: 9/10/2023 

By signing this document I hereby grant my consent for the utilization of the data I provided in the survey 

for research purposes. 

Signature: 

Context: How Might ChatGPT lmprove the Accessibility of Quantum Computing? 

The research project deals with the use of large language models, in particular, the widespread ChatGPT as 

a means of learning for complex topics such as quantum computing. 

The purpose of the research is to explore the possibility of using this tool to help non-experts in the writing 

of working algorithms for Quantum computers, with the addition of explanations and guides to understand 

both the cognitive processes behind the code and the real implications of certa in algorithms. 

One of the first questions to be answered is "Who Cou/d Benefitfrom This Approach ?" to try to understand 

how to use this application and determine its level of difficulty and language complexity. 

The assumption is that people interested in the technology but not necessarily with coding skills would like 

to learn how to code. In particular, they are divided into 4 possible categories: Classica! Code Quantum 

maestro, Classica! Code Quantum Voyager, Quantum theory maestro, and Quantum code newbie. 

Questions: 

1. Given the assumption that the ideai target audience is individua/s interested in technology

but /acking coding skil/s who aspire to acquire coding expertise, do you be lieve this

assumption to be accurate or not? Please provide your rationale far your stance.

Not completely accurate. I think also people with traditional coding skills but not accustomed with 

quantum programming could resort to Chat GPT far help. 







b. Findings

Out of all the experts contacted, only two responded, shedding light on several points: 
The assumption about the ideal target audience being non-experts is partly true, but a keen 
interest is necessary. Those with minimal coding or quantum knowledge might also find the 
method of chatGPT beneficial. While a deep understanding of quantum mechanics is not 
crucial, a basic grasp can aid in addressing potential issues, especially since the language 
of code can be daunting for non-coders. A significant consideration raised is how to verify if 
the outcomes of the approach are correct, indicating an area for further investigation.



[III] User test #1
a. Framework for Identifying Potential Users



b. Template (Next page)



User test #1 - Participant informations

*mandatory field

Participant number:  

note: this is for the researcher to fill in

Date of the text

*Participant name:  

*Participant Background:  

*Participant Age:  

By signing this document I hereby grant my consent for the utilization of the data I provided in the 
survey for research purposes.




Signature: 
*

P5



User test #1 - Questionnaire 

 How confident do you feel about your final result from 1 to 5, where 1 is not very confident 
and 5 is very confident?

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

 How well do you believe you understood the final code from 1 to 5, where 1 is I didn't 
understand anything and 5 is I understood everything?

 How much do you believe your background helped you in understanding the final code from 
1 to 5, where 1 is very little and 5 is a lot?

 Do you think this approach could be useful in your field? 

 Feedbacks and reflactions

Explain your answer

Yes No



EMOTIONS

Knowledge

STEPS

 Having a problem to solv
 Open chatGP
 Frame the problem

 Open IBM quantu
 Copy paste the code

 Search for error
 Check ChatGP
 Debuggin
 Try agai

 Start a new prompt 

(if needed)

 Final cod
 Understandin
 Check working

PHASE

Prompting Coding Itineration Evaluation

TOUCHPOINTS

12 13

1

2

3 4
5 6

7

8

9

10

2 11



c. Participant’s results  (Next page)
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d. Miroboard results:
https://miro.com/welcomeonboard/VkNjU3B0bDhYdmpzQzU5NFlUODR6eXlUdEN5N-
k14WFh3emxTSDNzOVo5TFBtSGhJUGZUQzBHYnREalpCdGRPaHwzNDU4NzY0NTE4M-
zE0MjA1NTE5fDI=?share_link_id=641786781195



[IV] IDE workshop

https://miro.com/welcomeonboard/bUplWlRmOWlyRGNhblhad1RlUmFKOGxWd0o-
3c1haMXNKdlFZMVhtWXdFWm8wOENtSlVua0c5bFJ0eXhJQzlJRHwzNDU4NzY0NTE4M-
zE0MjA1NTE5fDI=?share_link_id=375433377441

https://miro.com/welcomeonboard/VkNjU3B0bDhYdmpzQzU5NFlUODR6eXlUdEN5N-
k14WFh3emxTSDNzOVo5TFBtSGhJUGZUQzBHYnREalpCdGRPaHwzNDU4NzY0NTE4M-
zE0MjA1NTE5fDI=?share_link_id=641786781195

b. Miroboard results

c. Results collection

a. Miroboard workshop:

ROOM 1



ROOM 2

ROOM 3



ROOM 4



ROOM 5



ROOM 6



ROOM 7



ROOM 8

ROOM 9



ROOM 10

ROOM 11



ROOM 12

ROOM 13





[V] Quantum Explorer

httpschat.openai.comgg-xQ9eEcoSN-quantum-explorer

b. Link for Quantum Explorer

The initial version of GPT was developed using the OpenAI “myGPT” tool. As a trial 
version, its creation aimed to comprehend the underlying mechanisms. This version 
was constructed to create a custom AI capable of understanding the realm of quantum 
mechanics. The prompt provided to the AI was as follows:

“Quantum Explorer is a cheerful, beginner-friendly assistant for quantum computing, 
designed to adapt to various expertise levels: ‘Newbie’, ‘Code Expert’, and ‘Quantum 
Mechanics Expert’. It offers customizable learning paths for each user, tailoring content 
and recommendations based on their knowledge and goals. Quantum Explorer provides 
accessible explanations, incorporating emojis for a friendly approach. For newbies, it 
covers basic concepts; for code experts, programming aspects of quantum algorithms; 
and for quantum mechanics experts, advanced theoretical discussions. It uses relatable 
phrases and analogies, ensuring that learning about quantum computing is engaging and 
informative. Quantum Explorer’s goal is to guide users through a personalized journey in 
quantum computing, making it a rewarding experience for everyone.”
Named Quantum Explorer, Version 1 was then independently evaluated to gauge its 
capabilities. The testing involved assessing the chatGPT’s response to a hypothetical 
general request, given the tester’s background as a designer.

“I would like to create a combination of lights that is always different for an LED panel that I 
want to install. Can I do it with a quantum algorithm?”

Subsequently, the GPT inquired about the tester’s level of expertise and proceeded to 
create a practical guide outlining the subsequent steps. After obtaining the code and 
applying it within the IBM quantum lab, the GPT was requested to produce a visualization 
of the quantum state. It accomplished this through a visual representation from DALL-E, 
and later, it was asked to provide an image of what the final result might look like once 
implemented in the initially proposed design.

a. GPTs V1 - Quantum Explorer



Understanding that GPT could be enhanced with raw data, the individual decided to 
advance it further and make some modifications. The improved version, named Quantum 
Buddy, maintained the same initial prompt as its predecessor but distinguished itself 
through additional data and capabilities. 
Initially, there was a desire to comprehend and acquire knowledge about the Python 
code and Quiskit used in the IBM quantum simulator. To achieve this, the working code 
generated during the thesis research process has been used. The new material code was 
provided first, followed by the new drug code, then the quantum Grover algorithm, and 
finally, the creative quantum coding developed for the first workshop. 
To gain a comprehensive understanding of the available algorithms, was decided to 
incorporate quantum algorithms currently utilized in the field of quantum computing.
Additionally, a general knowledge of quantum computers was incorporated, based on 
the paper “Quantum computing for non-physics,” (E. Rieffel, W. Polak, 2000) along with 
an understanding of the workings and structure of the IBM quantum lab (J. Coles, 2018). 
Recognizing the capabilities of GPT-4, the GPT was also tasked with reading images from 
the IBM simulator results and describing them according to the user’s expertise level.
To summarize, as the GPT itself acknowledged, this new version possesses the ability to:
“...discuss a wide array of quantum computing topics and algorithms. I understand quantum 
parallelism, the nuances of quantum mechanics, the behavior of photon’s polarization, 
and the implications of quantum measurements. I’m familiar with qubits, quantum key 
distribution, multi-qubit systems, and the intricacies of quantum gates and transformations. 
I can delve into advanced quantum algorithms like Shor’s and Grover’s, explain quantum 
Fourier Transforms, and discuss quantum error correction. Moreover, I recognize the need 
for innovative programming techniques to exploit the full power of quantum computers. 
Whether you’re curious about the fundamentals or advanced aspects of quantum 
computing, I’m here to guide and provide insights.”
Before presenting it to users, a preliminary personal iteration was conducted, particularly 
focusing on the potential prompts of the test. It was decided to iterate a data cluster 
algorithm based on the application of quantum computers for machine learning. This test 
evaluated all the desired features of the GPT:
- the creation of code based on a clear explanation of the steps,
- the ability to read images and explain them at different levels,
- the capacity to create examples for clearer understanding,
- the ability to generate images for better comprehension.
After this initial independent test, GPT-V2 was compared with a standard GPT in the second 
user test. 

[VI] Quantum Buddy
a. GPTs V2 - Quantum Buddy



c. Data in the GPT (Next page)

https://chat.openai.com/g/g-cRO4qaAyH-quantum-buddy

b. Link Quantum Buddy



IBM quantum lab infos:  

Libro – selezionato solo alcune par� che mi interessavano 

The IBM Quantum computer: The reason why it could be important to know the physical gate set is that 
some user-programmed gates may need to be decomposed into mul�ple physical gates, and hence could 
lead to a longer physical algorithm.  

when implemen�ng a quantum algorithm it is important to consider the sources of noise in the computer. 
The two main sources of noise are typically gate infidelity and decoherence. Gate infidelity refers to the fact 
that the user-specified gates do not precisely correspond to the physically implemented gates. Decoherence 
refers to the fact that gradually over �me the quantum computer loses its “quantumness” and behaves 
more like a classical object. 

Programming the IBM quantum computer: Qiskit library. Qiskit [4] is an open-source quantum compu�ng 
library developed under the aegis of IBM. Qiskit allows users to write and run programs on either IBM’s 
quantum processors or on a local simulator, without the use of the graphical interface.  Python library.  

Quantum mechanics for non-physics 

Intro: Classically, the �me it takes to do certain computa�ons can be decreased by using parallel processors. 
To achieve an 

exponen�al decrease in �me requires an exponen�al increase in the number of processors, and hence an 
exponen�al increase in the amount of physical space needed  Thus, an exponen�al increase in parallelism 
requires only a linear increase in the amount of physical space needed. This effect is called quantum 
parallelism. Two technique to manipulate this is:  1) common property of all of the output values such as 
the symmetry or period of a func�on can be read off. 2) transforms the quantum state to increase the 
likelihood that output of interest will be read. 

Quantum mechanics: Quantum mechanical phenomena are difficult to understand, since most of our 
everyday experiences are not applicable. Quantum mechanics is a theory in the mathema�cal sense: it is 
governed by a set of axioms. 

photon’s polariza�on state can be modelled by a unit vector poin�ng in the appropriate direc�on. Any 
arbitrary polariza�on can be expressed as a linear combina�on of the two basis vectors. // any device 
measuring a two-dimensional system has an associated orthonormal basis with respect to which the 
quantum measurement takes place. 

Measurement of the quantum state will change the state to the result of the measurement furthermore will 
change that state, and it is not possible to determine what the original state was. 

State spaces and bra/ket nota�on: The state space of a quantum system, consis�ng of the posi�ons, 
momentums, polariza�ons, spins, and so on of the various par�cles, is modelled by a Hilbert space of wave 
func�on. 

Quantum bits: A quantum bit, or qubit, is a unit vector in a two-dimensional complex vector space for 
which a par�cular basis, denoted by 0, 1, has been fixed. Even though a quantum bit can be put in infinitely 
many superposi�on states, it is only possible to extract a single classical bit’s worth of informa�on from a 
single quantum bit. As every measurement can result in only one of two states, one of the basis vectors 
associated to the given measuring device, so, just as in the classical case, there are only two possible 
results. 



Quantum key distribu�on: Sequences of single qubits can be used to transmit private keys on insecure 
channels. Thus any eavesdropper on the quantum channel is bound to introduce a high error rate that Alice 
and Bob can detect by communica�ng a sufficient number of parity bits of their keys over the open channel. 

Mul�ple qubits: A surprising and unintui�ve aspect of the state space of an n-par�cle quantum system is 
that the state of the system cannot always be described in terms of the state of its component pieces. 
However, in a quantum system the resul�ng state space is much larger; a system of n qubits has a state 
space of 2n dimensions. Quantum states, combine through the tensor product. These states represent 
situa�ons that have no classical counterpart and for which we have no intui�on. These are also the states 
that provide the exponen�al growth of quantum state spaces with the number of par�cles. 

Measurements: mul�bit measurement can be treated as a series of single-bit measurements in the 
standard basis. Any quantum state can be writen as the sum of two vectors, one in each of the subspaces. 

Quantum gates: The dynamics of a quantum system, when not being measured, are governed by 
Schrodinger’s equa�on; the dynamics must take states to states in a way that preserves orthogonality. Any 
linear transforma�on on a complex vector space can be described by a matrix. Any unitary transforma�on 
of a quantum state space is a legi�mate quantum transforma�on, and vice versa.  quantum 
transforma�ons are unitary is that they are reversible. Thus quantum gates must be reversible. 

Simple quantum gates: transforma�ons are fully specified by their effect on the basis vectors. The names of 
these transforma�ons are conven�onal. I is the iden�ty transforma�on, X is nega�on, Z is a phase shi� 
opera�on, and Y D ZX is a combina�on of both. Then the paper talks about the C-not open gate. 

  

Quantum computers: While the classical NOT gate is reversible, AND, OR, and NAND gates are not. Thus it is 
not obvious that quantum transforma�ons can carry out all classical computa�ons. 

Quantum gates array 

Quantum parallelism 

Shor’s algorithm 

The Quantum Fourier Transform 

Search problem 

Quantum error connec�on 

Conclusion: Quantum compu�ng is a new, emerging field that has the poten�al to drama�cally change the 
way we think about computa�on, programming, and complexity. The challenge for computer scien�sts and 
others is to develop new programming techniques appropriate for quantum computers. new dimension to 
computa�on. Programming no longer consists 

of merely formula�ng step-by-step algorithms but requires new techniques of adjus�ng phases and mixing 
and diffusing amplitudes to extract useful output. But the real power of these new machines, the 
exponen�al parallelism, can only be exploited using new, innova�ve programming techniques. People have 
only recently begun to research such techniques. Beyond these algorithms not much more is known about 
what could be done with a prac�cal quantum computer 



 

Various Algorithms 

• Quantum Approximate Op�misa�on Algorithm (QAOA) 
• Quantum Amplitude Es�ma�on (QAE) 
• Quantum (enhanced) Support Vector Machine (QSVM) 
• Varia�onal quantum eigensolver (VQE) 
• Quantum Neural Networks (QNN) 
• Quantum phase es�ma�on (QPE) / quantum eigenvalue es�ma�on 
• Quantum Annealing (QA) 
• Quantum (enhanced) Machine Learning (QML) 
• Varia�onal Quantum Classifier (VQC) 
• Q-Means 
• Shor’s algorithm 
• Grover’s algorithm 
• HHL (Harrow-Hassidim-Lloyd) 
• Quantum-assisted Reinforcement Learning (QaRL) 
• Quantum Singular Value Decomposi�on (QSVD) 
• Quantum Principal Component Analysis (QPCA) 
• Quantum Finite Volume Method (QFVM) 
• Varia�onal Quantum Linear Solver (VQLS) 
• Quantum Convolu�onal Neural Networks (QCNN) 
• Quantum Risk Analysis (QRA) 
• Quantum Monte Carlo (QMC) 
• Quantum Decision Tree (QDT) 
• Quantum Bayesian Networks (QBN) 
• Quantum Extreme Value Searching (QES) 
• Quantum-inspired Par�cle Swarm Op�misa�on (QPSO) 
• Quantum K-Means Clustering 
• Quantum Distance Classifica�on (QDC) 

 

Developing new drug – code 

pip install qiskit 

from qiskit import QuantumCircuit, Aer, execute 

# Create a Quantum Circuit ac�ng on a quantum register of three qubits 

circuit = QuantumCircuit(3) 

# Add a Hadamard gate on qubit 0, pu�ng this qubit in superposi�on. 

circuit.h(0) 

# Add a CX (CNOT) gate on control qubit 0 and target qubit 1, crea�ng entanglement. 

circuit.cx(0, 1) 

# Add another CX gate on control qubit 0 and target qubit 2, crea�ng more entanglement. 



circuit.cx(0, 2) 

# Visualize the circuit 

print(circuit.draw(output='text')) 

# You can also use 'mpl' for a matplotlib drawing, or 'latex' for a LaTeX-based drawing. 

 

 

New Material – code 

pip install qiskit 

from qiskit import QuantumCircuit, Aer, execute 

# Create a Quantum Circuit ac�ng on a quantum register of one qubit 

circuit = QuantumCircuit(1) 

# Apply a Hadamard gate, which puts the qubit in a superposi�on state 

circuit.h(0) 

# Measure the qubit 

circuit.measure_all() 

# Use Aer's qasm_simulator 

simulator = Aer.get_backend('qasm_simulator') 

# Execute the circuit on the qasm simulator 

job = execute(circuit, simulator, shots=1000) 

# Grab the results from the job 

result = job.result() 

# Print the result 

counts = result.get_counts(circuit) 

print("Counts:", counts) 

 

 

Lines – code (quantum crea�ve code) 

from qiskit import QuantumCircuit, execute, Aer 

import numpy as np 

import matplotlib.pyplot as plt 

qc = QuantumCircuit(3) 

qc.h(range(3)) 



backend = Aer.get_backend('statevector_simulator') 

result = execute(qc, backend).result() 

statevector = result.get_statevector() 

real_parts = [np.real(amp) for amp in statevector] 

plt.figure(figsize=(10, 6)) 

plt.bar(range(len(real_parts)), real_parts) 

plt.xlabel('Quantum State') 

plt.ylabel('Real Part of Amplitude') 

plt.�tle('Quantum Randomness Visualiza�on') 

plt.show() 

# ... [previous code for se�ng up the quantum circuit and ge�ng the statevector] 

# Select a colormap with warm colors 

colormap = plt.cm.autumn 

# Plot the bar graph with the chosen colormap 

plt.figure(figsize=(10, 6)) 

bars = plt.bar(range(len(real_parts)), real_parts, color=colormap(np.linspace(0, 1, len(real_parts)))) 

# Add random lines for an abstract pain�ng effect 

num_lines = 20  # Number of lines to add 

for _ in range(num_lines): 

    start_point = np.random.rand(2) * len(real_parts)  # Random start point 

    end_point = np.random.rand(2) * len(real_parts)  # Random end point 

    line_color = np.random.choice(['darkred', 'brown'])  # Random line color 

    plt.plot([start_point[0], end_point[0]], [start_point[1], end_point[1]], color=line_color, 
linewidth=np.random.rand() * 2) 

plt.xlabel('Quantum State') 

plt.ylabel('Real Part of Amplitude') 

plt.�tle('Quantum Randomness as Abstract Art') 

plt.show() 

 

 

 

 



P5 test – code (Grover algorithm) 

from qiskit import QuantumCircuit, Aer, transpile 

from qiskit.visualiza�on import plot_histogram 

from qiskit.providers.aer import QasmSimulator 

nqubits=5 

oracle = QuantumCircuit(5) 

oracle.x(2) 

oracle.mct([0,1,2,3], 4) 

oracle.x(2) 

def diffuser(nqubits): 

    qc = QuantumCircuit(nqubits) 

    # Apply H and X gates to all qubits 

    for qubit in range(nqubits): 

        qc.h(qubit) 

        qc.x(qubit) 

    # Mul�-controlled Z gate 

    qc.h(nqubits-1) 

    qc.mct(list(range(nqubits-1)), nqubits-1)  # mul�-controlled-toffoli 

    qc.h(nqubits-1) 

    # Apply X and H gates to all qubits again 

    for qubit in range(nqubits): 

        qc.x(qubit) 

        qc.h(qubit) 

    return qc 

grover_circuit = QuantumCircuit(5, 5) 

grover_circuit.h([0, 1, 2, 3]) 

grover_circuit.append(oracle, [0, 1, 2, 3, 4]) 

grover_circuit.append(diffuser(4), [0, 1, 2, 3]) 

grover_circuit.measure([0, 1, 2, 3], [0, 1, 2, 3]) 

 

 

 



IO PROV – code 

!pip install qiskit 

!pip install qiskit_algorithms 

!pip install qiskit==0.24.0 

import qiskit 

print(qiskit.__version__) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



[VII] User Test 2
a. Miroboard Test (template)



b. Miroboard Results
https://miro.com/welcomeonboard/VkNjU3B0bDhYdmpzQzU5NFlUODR6eXlUdEN5N-
k14WFh3emxTSDNzOVo5TFBtSGhJUGZUQzBHYnREalpCdGRPaHwzNDU4NzY0NTE4M-
zE0MjA1NTE5fDI=?share_link_id=641786781195

c. Participants results (Next Page)
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[VIII] Evaluation User Test 2

https://miro.com/welcomeonboard/VkNjU3B0bDhYdmpzQzU5NFlUODR6eXlUdEN5N-
k14WFh3emxTSDNzOVo5TFBtSGhJUGZUQzBHYnREalpCdGRPaHwzNDU4NzY0NTE4M-
zE0MjA1NTE5fDI=?share_link_id=641786781195

b. Miroboard Results

a. Miroboard Test (template)



[IX] Quantum buddy 2.0
a. Link Quantum Buddy 2.0

b. Database Quantum Buddy 2.0 (Next page)

https://chat.openai.com/g/g-HuukcppqT-quantum-buddy-2-0



IBM quantum lab infos:  

Libro – selezionato solo alcune par� che mi interessavano 

The IBM Quantum computer: The reason why it could be important to know the physical gate set is that 
some user-programmed gates may need to be decomposed into mul�ple physical gates, and hence could 
lead to a longer physical algorithm.  

when implemen�ng a quantum algorithm it is important to consider the sources of noise in the computer. 
The two main sources of noise are typically gate infidelity and decoherence. Gate infidelity refers to the fact 
that the user-specified gates do not precisely correspond to the physically implemented gates. Decoherence 
refers to the fact that gradually over �me the quantum computer loses its “quantumness” and behaves 
more like a classical object. 

Programming the IBM quantum computer: Qiskit library. Qiskit [4] is an open-source quantum compu�ng 
library developed under the aegis of IBM. Qiskit allows users to write and run programs on either IBM’s 
quantum processors or on a local simulator, without the use of the graphical interface.  Python library.  

 

Quantum mechanics for non-physics 

Intro: Classically, the �me it takes to do certain computa�ons can be decreased by using parallel processors. 
To achieve an 

exponen�al decrease in �me requires an exponen�al increase in the number of processors, and hence an 
exponen�al increase in the amount of physical space needed  Thus, an exponen�al increase in parallelism 
requires only a linear increase in the amount of physical space needed. This effect is called quantum 
parallelism. Two technique to manipulate this is:  1) common property of all of the output values such as 
the symmetry or period of a func�on can be read off. 2) transforms the quantum state to increase the 
likelihood that output of interest will be read. 

Quantum mechanics: Quantum mechanical phenomena are difficult to understand, since most of our 
everyday experiences are not applicable. Quantum mechanics is a theory in the mathema�cal sense: it is 
governed by a set of axioms. 

photon’s polariza�on state can be modelled by a unit vector poin�ng in the appropriate direc�on. Any 
arbitrary polariza�on can be expressed as a linear combina�on of the two basis vectors. // any device 
measuring a two-dimensional system has an associated orthonormal basis with respect to which the 
quantum measurement takes place. 

Measurement of the quantum state will change the state to the result of the measurement furthermore will 
change that state, and it is not possible to determine what the original state was. 

State spaces and bra/ket nota�on: The state space of a quantum system, consis�ng of the posi�ons, 
momentums, polariza�ons, spins, and so on of the various par�cles, is modelled by a Hilbert space of wave 
func�on. 

Quantum bits: A quantum bit, or qubit, is a unit vector in a two-dimensional complex vector space for 
which a par�cular basis, denoted by 0, 1, has been fixed. Even though a quantum bit can be put in infinitely 
many superposi�on states, it is only possible to extract a single classical bit’s worth of informa�on from a 
single quantum bit. As every measurement can result in only one of two states, one of the basis vectors 
associated to the given measuring device, so, just as in the classical case, there are only two possible 
results. 



Quantum key distribu�on: Sequences of single qubits can be used to transmit private keys on insecure 
channels. Thus any eavesdropper on the quantum channel is bound to introduce a high error rate that Alice 
and Bob can detect by communica�ng a sufficient number of parity bits of their keys over the open channel. 

Mul�ple qubits: A surprising and unintui�ve aspect of the state space of an n-par�cle quantum system is 
that the state of the system cannot always be described in terms of the state of its component pieces. 
However, in a quantum system the resul�ng state space is much larger; a system of n qubits has a state 
space of 2n dimensions. Quantum states, combine through the tensor product. These states represent 
situa�ons that have no classical counterpart and for which we have no intui�on. These are also the states 
that provide the exponen�al growth of quantum state spaces with the number of par�cles. 

Measurements: mul�bit measurement can be treated as a series of single-bit measurements in the 
standard basis. Any quantum state can be writen as the sum of two vectors, one in each of the subspaces. 

Quantum gates: The dynamics of a quantum system, when not being measured, are governed by 
Schrodinger’s equa�on; the dynamics must take states to states in a way that preserves orthogonality. Any 
linear transforma�on on a complex vector space can be described by a matrix. Any unitary transforma�on 
of a quantum state space is a legi�mate quantum transforma�on, and vice versa.  quantum 
transforma�ons are unitary is that they are reversible. Thus quantum gates must be reversible. 

Simple quantum gates: transforma�ons are fully specified by their effect on the basis vectors. The names of 
these transforma�ons are conven�onal. I is the iden�ty transforma�on, X is nega�on, Z is a phase shi� 
opera�on, and Y D ZX is a combina�on of both. Then the paper talks about the C-not open gate. 

  

Quantum computers: While the classical NOT gate is reversible, AND, OR, and NAND gates are not. Thus it is 
not obvious that quantum transforma�ons can carry out all classical computa�ons. 

Quantum gates array 

Quantum parallelism 

Shor’s algorithm 

The Quantum Fourier Transform 

Search problem 

Quantum error connec�on 

Conclusion: Quantum compu�ng is a new, emerging field that has the poten�al to drama�cally change the 
way we think about computa�on, programming, and complexity. The challenge for computer scien�sts and 
others is to develop new programming techniques appropriate for quantum computers. new dimension to 
computa�on. Programming no longer consists 

of merely formula�ng step-by-step algorithms but requires new techniques of adjus�ng phases and mixing 
and diffusing amplitudes to extract useful output. But the real power of these new machines, the 
exponen�al parallelism, can only be exploited using new, innova�ve programming techniques. People have 
only recently begun to research such techniques. Beyond these algorithms not much more is known about 
what could be done with a prac�cal quantum computer 



 

Various Algorithms 

• Quantum Approximate Op�misa�on Algorithm (QAOA) 
• Quantum Amplitude Es�ma�on (QAE) 
• Quantum (enhanced) Support Vector Machine (QSVM) 
• Varia�onal quantum eigensolver (VQE) 
• Quantum Neural Networks (QNN) 
• Quantum phase es�ma�on (QPE) / quantum eigenvalue es�ma�on 
• Quantum Annealing (QA) 
• Quantum (enhanced) Machine Learning (QML) 
• Varia�onal Quantum Classifier (VQC) 
• Q-Means 
• Shor’s algorithm 
• Grover’s algorithm 
• HHL (Harrow-Hassidim-Lloyd) 
• Quantum-assisted Reinforcement Learning (QaRL) 
• Quantum Singular Value Decomposi�on (QSVD) 
• Quantum Principal Component Analysis (QPCA) 
• Quantum Finite Volume Method (QFVM) 
• Varia�onal Quantum Linear Solver (VQLS) 
• Quantum Convolu�onal Neural Networks (QCNN) 
• Quantum Risk Analysis (QRA) 
• Quantum Monte Carlo (QMC) 
• Quantum Decision Tree (QDT) 
• Quantum Bayesian Networks (QBN) 
• Quantum Extreme Value Searching (QES) 
• Quantum-inspired Par�cle Swarm Op�misa�on (QPSO) 
• Quantum K-Means Clustering 
• Quantum Distance Classifica�on (QDC) 

 

Developing new drug – code 

pip install qiskit 

from qiskit import QuantumCircuit, Aer, execute 

# Create a Quantum Circuit ac�ng on a quantum register of three qubits 

circuit = QuantumCircuit(3) 

# Add a Hadamard gate on qubit 0, pu�ng this qubit in superposi�on. 

circuit.h(0) 

# Add a CX (CNOT) gate on control qubit 0 and target qubit 1, crea�ng entanglement. 

circuit.cx(0, 1) 

# Add another CX gate on control qubit 0 and target qubit 2, crea�ng more entanglement. 



circuit.cx(0, 2) 

# Visualize the circuit 

print(circuit.draw(output='text')) 

# You can also use 'mpl' for a matplotlib drawing, or 'latex' for a LaTeX-based drawing. 

 

 

New Material – code 

pip install qiskit 

from qiskit import QuantumCircuit, Aer, execute 

# Create a Quantum Circuit ac�ng on a quantum register of one qubit 

circuit = QuantumCircuit(1) 

# Apply a Hadamard gate, which puts the qubit in a superposi�on state 

circuit.h(0) 

# Measure the qubit 

circuit.measure_all() 

# Use Aer's qasm_simulator 

simulator = Aer.get_backend('qasm_simulator') 

# Execute the circuit on the qasm simulator 

job = execute(circuit, simulator, shots=1000) 

# Grab the results from the job 

result = job.result() 

# Print the result 

counts = result.get_counts(circuit) 

print("Counts:", counts) 

 

 

Lines – code (quantum crea�ve code) 

from qiskit import QuantumCircuit, execute, Aer 

import numpy as np 

import matplotlib.pyplot as plt 

qc = QuantumCircuit(3) 

qc.h(range(3)) 



backend = Aer.get_backend('statevector_simulator') 

result = execute(qc, backend).result() 

statevector = result.get_statevector() 

real_parts = [np.real(amp) for amp in statevector] 

plt.figure(figsize=(10, 6)) 

plt.bar(range(len(real_parts)), real_parts) 

plt.xlabel('Quantum State') 

plt.ylabel('Real Part of Amplitude') 

plt.�tle('Quantum Randomness Visualiza�on') 

plt.show() 

# ... [previous code for se�ng up the quantum circuit and ge�ng the statevector] 

# Select a colormap with warm colors 

colormap = plt.cm.autumn 

# Plot the bar graph with the chosen colormap 

plt.figure(figsize=(10, 6)) 

bars = plt.bar(range(len(real_parts)), real_parts, color=colormap(np.linspace(0, 1, len(real_parts)))) 

# Add random lines for an abstract pain�ng effect 

num_lines = 20  # Number of lines to add 

for _ in range(num_lines): 

    start_point = np.random.rand(2) * len(real_parts)  # Random start point 

    end_point = np.random.rand(2) * len(real_parts)  # Random end point 

    line_color = np.random.choice(['darkred', 'brown'])  # Random line color 

    plt.plot([start_point[0], end_point[0]], [start_point[1], end_point[1]], color=line_color, 
linewidth=np.random.rand() * 2) 

plt.xlabel('Quantum State') 

plt.ylabel('Real Part of Amplitude') 

plt.�tle('Quantum Randomness as Abstract Art') 

plt.show() 

 

 

 

 



P5 test – code (Grover algorithm) 

from qiskit import QuantumCircuit, Aer, transpile 

from qiskit.visualiza�on import plot_histogram 

from qiskit.providers.aer import QasmSimulator 

nqubits=5 

oracle = QuantumCircuit(5) 

oracle.x(2) 

oracle.mct([0,1,2,3], 4) 

oracle.x(2) 

def diffuser(nqubits): 

    qc = QuantumCircuit(nqubits) 

    # Apply H and X gates to all qubits 

    for qubit in range(nqubits): 

        qc.h(qubit) 

        qc.x(qubit) 

    # Mul�-controlled Z gate 

    qc.h(nqubits-1) 

    qc.mct(list(range(nqubits-1)), nqubits-1)  # mul�-controlled-toffoli 

    qc.h(nqubits-1) 

    # Apply X and H gates to all qubits again 

    for qubit in range(nqubits): 

        qc.x(qubit) 

        qc.h(qubit) 

    return qc 

grover_circuit = QuantumCircuit(5, 5) 

grover_circuit.h([0, 1, 2, 3]) 

grover_circuit.append(oracle, [0, 1, 2, 3, 4]) 

grover_circuit.append(diffuser(4), [0, 1, 2, 3]) 

grover_circuit.measure([0, 1, 2, 3], [0, 1, 2, 3]) 

 

 

 



IO PROV – code 

!pip install qiskit 

!pip install qiskit_algorithms 

!pip install qiskit==0.24.0 

import qiskit 

print(qiskit.__version__) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Quiskit circuit library :  

import numpy as np 
from qiskit import QuantumCircuit 
 
def build_qft(n): 
   circuit = QuantumCircuit(n) 
   for j in reversed(range(n)): 
       circuit.h(j) 
       for k in reversed(range(j)): 
           circuit.cp(np.pi * 2. ** (k - j), j, k) 
 
   for j in range(n // 2): 
       circuit.swap(j, n - j - 1) 
 
   return circuit 
 
qft = build_qft(5) 

 

from qiskit.quantum_info import SparsePauliOp 
 
hamiltonian = SparsePauliOp.from_list( 
    [("YZ", 0.3980), ("ZI", -0.3980), ("ZZ", -0.0113), ("XX", 0.1810)] 
) 

 

from qiskit.circuit.library import EfficientSU2 
 
ansatz = EfficientSU2(hamiltonian.num_qubits) 
ansatz.draw("mpl") 

 

 

A guide to the Qiskit circuit library 

htps://medium.com/qiskit/a-guide-to-the-qiskit-circuit-library-36ee0f189956  

When it comes to quantum circuits, some�mes the “do it yourself” approach is best. Even for common 
subrou�nes like the quantum Fourier transform (QFT), a user may find that it’s beter to build their circuit 
by hand, so they can implement it in a way that works for their specific use case. But in many cases, the 
circuits we need are well-studied, and we can avoid having to reinvent the wheel (poten�ally crea�ng bugs 
in the process) by simply using circuits that already exist. That’s just one reason why we created the Qiskit 
circuit library. 

The Qiskit circuit library is a collec�on of valuable, well-studied circuits and gates that Qiskit 
users can easily plug into their quantum circuits. These include useful tools for a wide array of quantum 
compu�ng applica�ons—including quantum machine learning, quantum chemistry, circuits for 
benchmarking, and even a number of circuits that are hard to simulate classically. Whether you’re a 
complete beginner or a bona fide Qiskit wizard, we’re sure you’ll find something useful in our extensive 
circuit library module. 

https://medium.com/qiskit/a-guide-to-the-qiskit-circuit-library-36ee0f189956
https://qiskit.org/documentation/apidoc/circuit_library.html#module-qiskit.circuit.library


Why every Qiskit user should give the circuit library a 
closer look 
Before we launched the circuit library a few years ago, users could only run quantum circuits they had 
constructed manually. If a user wanted to implement a phase es�ma�on, a Fourier transform, or a 
varia�onal circuit—really anything at all—they either had to build it themselves, or build a func�on that 
generated the circuit for them. In either case, the process was cumbersome, and documenta�on was 
limited and disorganized. 

As the Qiskit community began to grow, we developed a clearer sense of which circuits were most 
important to users. Eventually, we began to organize these into the circuit library we have today. This library 
is designed to be a repository of building blocks—a collec�on of any and all circuits we think are valuable to 
users. Here, we define “valuable” circuits as those that are either (1) widely used for common quantum 
compu�ng tasks, (2) difficult to simulate classically, or (3) useful for quantum hardware benchmarking. 

For example, the quantum Fourier transform (QFT) is an essen�al building block in a number of quantum 
algorithms including quantum phase es�ma�on and the famous Shor’s algorithm. Now, if they really want 
to, a user can certainly run a QFT on quantum hardware by building the circuit manually. That might look 
something like this: 

import numpy as np 
from qiskit import QuantumCircuit 
 
def build_qft(n): 
   circuit = QuantumCircuit(n) 
   for j in reversed(range(n)): 
       circuit.h(j) 
       for k in reversed(range(j)): 
           circuit.cp(np.pi * 2. ** (k - j), j, k) 
 
   for j in range(n // 2): 
       circuit.swap(j, n - j - 1) 
 
   return circuit 
 
qft = build_qft(5) 

But users who want to save �me on this common quantum compu�ng task can simply import the QFT from 
the circuit library and use it in their subrou�nes like so: 

from qiskit.circuit.library import QFT 
 
qft = QFT(5) 

Most Qiskit users are aware the circuit library exists, but not everyone realizes just how useful it can be. 
That’s why we suggest all users spend �me familiarizing themselves with it. The circuit library provides 
essen�al tools for building quantum algorithms, and gives users the ability to write programs at a higher 
level of abstrac�on. Gates and other elements found in the circuit library are developed so that users can 
easily plug them into their own quantum circuits using the QuantumCircuit.append() method, 
meaning users shouldn’t need to concern themselves with the lower level details of how those elements 
actually work. 



The circuit library also provides tools that help users inves�gate proper�es of the quantum system itself, 
such as measuring quantum volume, and it offers useful informa�on about the gates and circuits we use 
most o�en. It really is a library in the truest sense—in many cases; documenta�on for gates and other 
objects include links to a paper detailing the theory upon which they’re based. 

Now, let’s take a look at some of the different kinds of circuits and gates that users will find in the Qiskit 
Circuit Library. 

Variational quantum circuits (ƎN-local circuitsƐ) 
The N-local circuits sub-module of the circuit library contains a selec�on of subclasses 

that serve as parameterized models in variational algorithms, such as the varia�onal 
quantum eigensolver (VQE) algorithm and the quantum approximate op�miza�on algorithm (QAOA). 

In fields like chemistry and physics, these algorithms serve to approximate wave func�ons efficiently, which 
is a task that is generally hard for classical computers. Varia�onal algorithms are also useful for problems in 
classical op�miza�on and machine learning, where a quantum computer might enable a beter op�miza�on 
of the objec�ve. 

Let’s take a look at an example of how to define a problem instance for a VQE algorithm, using 
the EfficientSU2 ansatz circuit taken from the circuit library. In this example, we’ll derive our 
Hamiltonian from a quantum chemistry problem: 

from qiskit.quantum_info import SparsePauliOp 
 
hamiltonian = SparsePauliOp.from_list( 
    [("YZ", 0.3980), ("ZI", -0.3980), ("ZZ", -0.0113), ("XX", 0.1810)] 
) 

As men�oned above, our choice of ansatz is the EfficientSU2 circuit. By default, 
the EfficientSU2 circuit linearly entangles qubits. This makes it ideal for use in quantum hardware 
with limited connec�vity: 

from qiskit.circuit.library import EfficientSU2 
 
ansatz = EfficientSU2(hamiltonian.num_qubits) 
ansatz.draw("mpl") 

Here’s what the circuit looks like: 

 
Try prin�ng with the following code to see how the circuit is structured! 



 

Based on the previous figure, we know that our ansatz circuit is defined by a vector of parameters, θi, with 
the total number given by: 

num_params = ansatz.num_parameters 
print(num_params) 

And in this case we get the output: 

16 

For an example on how to use the circuit library to run a VQE, 

see: https://qiskit.org/ecosystem/algorithms/tutorials/01_algorithms_in
troduction.html 

Data encoding circuits 
Data encoding circuits enable the prepara�on of input data for QML applica�ons. There are several 
techniques to encode classical data, or features, into a quantum state, for example: 

Amplitude encoding: Encode the features into the amplitude of a basis state. This allows to 
store 2^n numbers in a single state, but can be costly to implement 

Basis encoding: Encode an integer k by preparing the corresponding basis state |k> 

Angle encoding: Encode features as rota�on angles in a varia�onal quantum circuit 

Deciding which of these approaches is best really depends upon the specifics of your applica�on. On 
current quantum computers, however, we o�en use angle encoding. 

One example is the ZZFeatureMap found in the circuit library: 

from qiskit.circuit.library import ZZFeatureMap 
 
feature = [0.2, 0.4, 0.8] 
feature_map = ZZFeatureMap(feature_dimension=len(feature)) 
 
encoded = feature_map.assign_parameters(feature) 
encoded.draw('mpl') 

which prints 

https://qiskit.org/ecosystem/algorithms/tutorials/01_algorithms_introduction.html
https://qiskit.org/ecosystem/algorithms/tutorials/01_algorithms_introduction.html


 
Try prin�ng with the following code to see how the circuit is structured! 

encoded.decompose().draw('mpl') 

 

For an example of how to use data encoding circuits for classica�on, 

see: https://qiskit.org/ecosystem/machine-
learning/tutorials/02_neural_network_classifier_and_regressor.html. 

Time evolution circuits 
Time evolu�on circuits allow us to evolve a quantum state in �me. Physics researchers make use of them for 
a wide-array of applica�ons, including inves�ga�ons of thermaliza�on proper�es or poten�al phase 
transi�ons of a system. Time evolu�on circuits are also a fundamental building block of chemistry wave 
func�ons—e.g., for unitary coupled-cluster trial states—and of the QAOA algorithm we use for op�miza�on 
problems. 

from qiskit.circuit.library import PauliEvolutionGate 
from qiskit.circuit import QuantumCircuit 
from qiskit.quantum_info import SparsePauliOp 
 
hamiltonian = SparsePauliOp(["ZZI", "IZZ"]) 
 
# prepare an initial state with a Hamadard on the middle qubit 
state = QuantumCircuit(3) 
state.h(1) 
 
evolution = PauliEvolutionGate(hamiltonian, time=1) 
 
# evolve state by appending the evolution gate 
state.append(evolution) 
 
state.draw('mpl') 

And in this case we get the output: 

https://qiskit.org/ecosystem/machine-learning/tutorials/02_neural_network_classifier_and_regressor.html
https://qiskit.org/ecosystem/machine-learning/tutorials/02_neural_network_classifier_and_regressor.html


 

Benchmarking and complexity theory circuits 
Benchmarking and complexity theory circuits are a vital tool for anyone working with quantum computers. 
They give us a sense of how well our hardware is actually working, and the true level of computa�onal 
complexity involved in the problems we want to solve. 

One of the most important examples of this is the QuantumVolume circuit, which allows us to quan�fy 
the largest random circuit of equal width and depth that a near-term quantum computer of rela�vely 
modest size can successfully implement. This single metric can help us understand how well the quantum 
computer is doing in terms of fidelity of opera�ons, qubit connec�vity, gate set calibra�on, and circuit 
rewiring tool chains. 

A quantum volume model circuit comprises layers of Haar random elements of SU(4) applied between 
corresponding pairs of qubits in a random bipar��on. Here’s an example of a quantum volume circuit built 
in Qiskit that runs on four qubits: 

from qiskit.circuit.library import QuantumVolume 
 
qv = QuantumVolume(4) 
qv.decompose().decompose().draw('mpl') 

 



Some quantum circuits have been shown to deliver advantage over classical algorithms. Many readers will 
already be familiar with some of the more famous examples of these circuits, which include Shor’s 
algorithm for prime factoriza�onand the Grover search algorithm. 

The circuit library contains circuits that are conjectured to be hard to simulate classically, such as the IQP 

circuit. (Learn more about the IQP circuit here.) 

It also contains building blocks for algorithms that are believed to provide quantum advantage. Some of 
these are of a more prac�cal nature. For example, Qiskit users can build the circuit for Grover’s algorithm by 
using GroverOperator. 

Others are of more theore�cal interest. For example, Fourier checking uses 

the FourierChecking method. (Click here to learn more about Fourier checking.) 

Let’s take a look at an example of the IQP circuit: 

from qiskit.circuit.library import IQP 
 
interactions = [[6, 5, 3], [5, 4, 5], [3, 5, 1]] 
circuit = IQP(interactions) 
circuit.decompose().draw("mpl") 

 

Arithmetic circuits 
Some users may be surprised to learn that the circuit library includes numerous quantum circuits that are 
designed to perform classical arithme�c opera�ons on qubit states or state amplitudes, such as addi�on or 
mul�plica�on. These are useful for applica�ons like amplitude es�ma�on, which have the poten�al to be 
valuable in finance applica�ons, and in algorithms like HHL, which is a proposed method for solving linear 
systems of equa�ons. 

As an example, let’s try adding two 3-bit-long numbers, using a ripple-carry circuit to perform in-place 
addi�on (CDKMRippleCarryAdder). This adder take two numbers—A and B—then it adds them, and 
“sets” B with the result. In this example, A=2 and B=3: 

from qiskit.circuit.library import CDKMRippleCarryAdder 
adder = CDKMRippleCarryAdder(3)  # Create an adder of 3-bit-long numbers 
 
from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister 
 
# Create the number A=2 
reg_a = QuantumRegister(3, 'a') 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.080501
https://arxiv.org/pdf/0910.4698.pdf


number_a = QuantumCircuit(reg_a) 
number_a.initialize('010') # number 2 - equivalent to format(2, '03b') 
 
# Create the number B=3 
reg_b = QuantumRegister(3, 'b') 
number_b = QuantumCircuit(reg_b) 
number_b.initialize('011')  # number 3 - equivalent to format(3, '03b') 
 
# Create a circuit to hold everything, including a classical register to put the result 
reg_result = ClassicalRegister(3) 
circuit = QuantumCircuit(*adder.qregs, reg_result) 
 
# Compose setting A and B with the adder. Measure the result in B 
circuit = circuit.compose(number_a, qubits=reg_a).compose(number_b, qubits=reg_b).compose(adder) 
circuit.measure(reg_b, reg_result) 
circuit.draw('mpl') 

 

By calling the sampler in qiskit.primitives.Sampler, it is possible to simulate the execu�on of 
this circuit and observe that the result is 5. 

from qiskit.primitives import Sampler 
 
result = Sampler().run(circuit).result() 
print(result.quasi_dists[0].keys()) 

dict_keys([5]) 

Standard gates 



The Standard Gates sec�on of the Qiskit Circuit Library is a founda�onal toolbox for building up a 
wide array of quantum circuits—from the humble X Gate all the way to more complex mul�-controlled 
rota�on gates. 

Users can add standard gates to their circuits by calling the gates as methods—e.g., circuit.x(3) will 
append an X Gate to the qubit 3. That's the most common way to use them. With that being said, this is s�ll 
an incredibly useful sec�on of the circuit library, and of our documenta�on in general, as it provides some 
very useful informa�on about the matrices underlying these gates. 

Let’s take a look at an example of how to append a mul�-controlled CNOT to an exis�ng quantum circuit, 
using the circuit library as a reference. In the following example we are construc�ng a mul�-controlled X 
Gate (MCXGate) with 4 control qubits from the circuit library and applying it to a quantum circuit, 
specifying the control qubits are at indices 0,1,2 and 4: 

from qiskit import QuantumCircuit 
from qiskit.circuit.library import MCXGate 
 
# create circuit 
circuit = QuantumCircuit(5) 
 
# initialise MCX gate with 4 control qubits 
gate = MCXGate(4) 
 
# append gate to circuit, specifying qubit indices 
circuit.append(gate, [0, 1, 4, 2, 3]) 
circuit.draw('mpl') 

The resul�ng quantum circuit looks like this: 

 
And here’s an example of how we would transpile that to a quantum backend: 

from qiskit import transpile 
from qiskit.providers.fake_provider import FakeTokyo 
 
backend = FakeTokyo() 



transpiled = transpile(circuit, backend) 
transpiled.draw('mpl', idle_wires=False) 

 

Other interesting circuits 
This ar�cle only scratches the surface in terms of describing the many, many different types of circuits that 

are available in the Qiskit Circuit Library. Some other notable examples include the quantum 
Fourier transform (QFT), which is an essen�al subrou�ne in many 

algorithms, PhaseOracle, which implements the oracles used in grover search, and multi-
control multi-target gate (MCMT), which makes it possible to (for example) 
implement an X gate ac�ng on two qubits and controlled by three others. 

 

API Reference: 

htps://qiskit.org/documenta�on/apidoc/  

API Reference 

Quantum Circuits (qiskit.circuit) 

Circuit Library (qiskit.circuit.library) 

Classical expressions (qiskit.circuit.classical) 

Singleton instruc�ons (qiskit.circuit.singleton) 

Compila�on Rou�nes (qiskit.compiler) 

Execu�ng Experiments (qiskit.execute_func�on) 

Visualiza�ons (qiskit.visualiza�on) 

ClassicalFunc�on compiler (qiskit.circuit.classicalfunc�on) 

https://qiskit.org/documentation/apidoc/


Circuit Converters (qiskit.converters) 

Circuit and Schedule Assembler (qiskit.assembler) 

DAG Circuits (qiskit.dagcircuit) 

Quantum Circuit Extensions (qiskit.extensions) 

Passmanager (qiskit.passmanager) 

BasicAer: Python-based Simulators (qiskit.providers.basicaer) 

Providers Interface (qiskit.providers) 

Wri�ng a New Provider 

Migra�ng between Backend API Versions 

Fake Provider (qiskit.providers.fake_provider) 

Backend Objects (qiskit.providers.models) 

Pulse (qiskit.pulse) 

Circuit Scheduler (qiskit.scheduler) 

Circuit Synthesis (qiskit.synthesis) 

Primi�ves (qiskit.primi�ves) 

OpenQASM 2 (qiskit.qasm2) 

OpenQASM 3 (qiskit.qasm3) 

Qasm (qiskit.qasm) 

Qobj (qiskit.qobj) 

QPY serializa�on (qiskit.qpy) 

Quantum Informa�on (qiskit.quantum_info) 

Experiment Results (qiskit.result) 

Qiskit Tools (qiskit.tools) 

Jupyter Tools (qiskit.tools.jupyter) 

Transpiler (qiskit.transpiler) 

Transpiler Passes (qiskit.transpiler.passes) 

Preset Passmanagers (qiskit.transpiler.preset_passmanagers) 

Transpiler Stage Plugin Interface (qiskit.transpiler.preset_passmanagers.plugin) 

Synthesis Plugins (qiskit.transpiler.passes.synthesis.plugin) 

Built-in Transpiler Synthesis Plugins 

U�li�es (qiskit.u�ls) 

Measurement Mi�ga�on U�ls (qiskit.u�ls.mi�ga�on) 



Top-level excep�ons (qiskit.excep�ons) 

 

htps://www.avanade.com/nl-nl/blogs/be-orange/technology/quantum-compu�ng-an-op�miza�on-
example  

Consider a company that needs to deliver thousands of packages to addresses in the Netherlands. They 
have a fleet of trucks and they want to op�mize the route that each truck takes. This is a huge problem that 
is difficult to solve for classical computers given the massive number of possible routes. Quantum 
computers however, take a completely different approach to this problem. To illustrate the power of 
quantum, let’s look at a scaled down version of this problem. 

Suppose we have 1 truck that is tasked with driving to Amsterdam, Roterdam and Den Haag, star�ng in and 
returning to Utrecht. What is the best order of visi�ng the ci�es? The table below contains all travel �mes 
between the ci�es in minutes. We will represent each of these segments with a qubit. Recall that a qubit is 
in a superposi�on of 1 and 0. Only upon measuring will the qubit take on one of these two values. If we 
measure a 1, we will travel over the corresponding segment, if the outcome is zero, we do not. The 
quantum algorithm is therefore responsible for manipula�ng the qubits in such a way that if we measure 
each qubit, it will give 1 for segments that are part of the op�mal route, and 0 for segments that are not 
part of the op�mal route. 

Data, the distance between the ci�es: Amsterdam-Den Haag: 53km; Amsterdam-Roterdam: 59km; 
Amsterdam-Utrecht: 46km; Den Haag-Roterdam: 32km; Den Haag-Utrecht: 56km; Roterdam-Utrecht: 
51km 

Step 1: formulate the problem 

The first step now is to formulate the problem as a mathema�cal equa�on. I will skip the mathema�cs here, 
but I will sketch the idea behind it. If you are interested, the Traveling Santa blog explains very well how to 
get this equa�on. 

Each segment of the route that we will take has a cost associated to it. In our case it is the number of 
minutes it will take to travel between two ci�es. Let’s assume the measurements on our qubits yields 
101011. That would mean we travel over segments S0, S2, S4, and S5, which corresponds to a route from 
Utrecht to Den Haag, then to Amsterdam, Roterdam and finally back to Utrecht (see Figure 1). This will take 
us 219 minutes of driving �me. The goal is to minimize the number of minutes, however because these are 
qubits, we could also measure 000000. This route will take 0 minutes, so that’s beter right? To ensure that 
the quantum algorithm that minimizes the driving �me op�mizes for a valid route, we add constraints in the 
form of penal�es. For example, we can add a penalty of 100 minutes for each city that is not on the route. 
A�er you have iden�fied all constraints, you end up with a lengthy equa�on as input for the algorithm. 

Step 2: manipulate qubits 

The next step is to find a way to manipulate our qubits such that upon measuring, the qubits that belong to 
segments that are part of the op�mal route have a high probability to yield a value of 1. This will be done 
using a hybrid algorithm; it consists of a quantum part and a classical part. The quantum part manipulates 
the qubits based on the lengthy equa�on and a set of parameters passed to the algorithm. The purpose of 
these parameters will become evident in a litle. The quantum part returns an es�mate of the driving �me 
for the current quantum state, including the penal�es for invalid routes, to the classical part. Note the word 
‘es�mate’ in the previous sentence. The stochas�c nature of quantum mechanics causes measurements on 
the exact same state to return different routes, with different dura�on. 

https://www.avanade.com/nl-nl/blogs/be-orange/technology/quantum-computing-an-optimization-example
https://www.avanade.com/nl-nl/blogs/be-orange/technology/quantum-computing-an-optimization-example


As a simple example, consider a two-qubit quantum state that has a probability of 25% to be measured as 
01, and 75% to be measured as 10 (and 0% for 00 and 11). Let’s say route 01 takes 9 minutes, and route 10 
takes 5 minutes, then we will measure the 5-minute route 3 �mes more o�en than the 9-minute route. On 
average, we can say that measurements on this state yields a route that takes 6 minutes. It is impossible 
however, to know the probabili�es of the individual routes. All we know is that the way this state is 
currently prepared will yield a driving �me of 6 minutes on average, if we were to perform many 
measurements on it. The important realiza�on here is that the lower average driving �me, the higher the 
probability of measuring a short route. 

Informa�on of the average driving �me is then passed to the classical part. The classical part is an op�mizer 
that tweaks the set of parameters passed to the quantum algorithm as to minimize the average driving 
�me. In Figure 2 you can see the op�mizer lowering the es�mated driving �me. Since we are running on a 
simulator, we can also inspect the quantum state during the op�miza�on. So, to beter understand what is 
happening, we plot in Figure 3 the probability of measuring each state during the op�miza�on. On an actual 
quantum computer, we would not have access to this informa�on. 

In the top le� picture, no op�miza�on has been done, and each combina�on of routes to take and not to 
take have equal probability. The average driving �me is rela�vely high (Figure 2 at 0 op�miza�on steps). 
A�er approximately 3400 op�miza�on steps, three states start to stand out. And in the final picture, we can 
see that 010111, 101011 and 111100 have a significantly higher probability to be measured than any other 
state. These 3 states are the only states that correspond to valid routes that visit each city exactly once. 
Among each other, 111100 has the highest probability to be measured. This state corresponds to driving 
along segments S0, S1, S2 and S3, or in words: star�ng in Utrecht, go to Roterdam, then Den Haag, 
Amsterdam, and finally back to Utrecht (or in the exact opposite order). Indeed, we can calculate that of 
these three routes, this is the fastest with a total travel �me of 182 minutes. 

In step 2 we found a way to manipulate the qubits such that, upon measuring, there is rela�vely high 
probability to find the shortest route, but that is s�ll a probability. So the final step is to repeat the op�mal 
manipula�on found by the op�mizer mul�ple �mes. With enough measurements, the result that pops up 
the most corresponds to the op�mal route. 

Using beter op�miza�on and prepara�on algorithms than the ones currently implemented, it is possible to 
prepare a quantum state that has a larger than 80% probability to give an op�mized solu�on to the 
problem. 

In these series on quantum compu�ng I tried to give a prac�cal introduc�on to quantum compu�ng as 
concise as possible. If you want to learn more, don’t hesitate to contact me. I am more than happy to talk in 
more depth about quantum compu�ng and programming. 

 

htps://quantumalgorithmzoo.org/traveling_santa/ 

The Microsoft Quantum Development Kit (QDK) has gates of the 
form e−iXjt/2�−����/2 built in as R(PauliX, t, qubit[j]). Thus we can implement 
time evolution according to H0�0 with the following Q# operation. 
 
//This applies the X-rotation to each qubit. We can think of it as time 
evolution 
//induced by applying H = - \Sum_i X_i for time t. 
operation DriverHamiltonian(x: Qubit[], t: Double) : () 
{ 

https://quantumalgorithmzoo.org/traveling_santa/


    for(i in 0..Length(x)-1) 
    { 
        R(PauliX, -2.0*t, x[i]); 
    } 
} 
 
Similarly, all the individual terms in HC�� commute. These come in two types: single-qubit 
Pauli Z and two-qubit ZZ couplings. The single-qubit Z rotations can be implemented 
using R(PauliZ, t, qubit[j]), which is built in to the QDK. To implement the unitaries of 
the form e−iZiZjt�−������ we note that this applies a phase determined by the 
exclusive-or of qubits i and j. Thus, we can compute this exclusive-or into an ancilla qubit, 
apply a Z-rotation on the ancilla, and then uncompute. Putting this all together (and cancelling 
some redundant CNOT gates) yields the following Q# function to 
implement e−iHCt�−����. 
 
//This applies the Z-rotation according to the instance Hamiltonian.  
//We can think of it as Hamiltonian time evolution for time t induced 
//by the Ising Hamiltonian \Sum_ij J_ij Z_i Z_j + \sum_i h_i Z_i. 
operation InstanceHamiltonian(z: Qubit[], t: Double, h: Double[], J: Double[]) : 
Unit 
{ 
    using (ancilla = Qubit[1]) 
    { 
        for(i in 0..5) 
        { 
            R(PauliZ, 2.0*t*h[i],z[i]); 
        } 
        for(i in 0..5) 
        { 
            for (j in i+1..5) 
            { 
                CNOT(z[i], ancilla[0]); 
                CNOT(z[j], ancilla[0]); 
                R(PauliZ, 2.0*t*J[6*i+j], ancilla[0]); 
                CNOT(z[i], ancilla[0]); 
                CNOT(z[j], ancilla[0]); 
            } 
        } 
    } 
} 
 
 
Then, we call these operations from an overall QAOA method as follows. 
 
// Here is a QAOA algorithm for this Ising Hamiltonian 
operation QAOA_santa(segmentCosts:Double[], penalty:Double, tx: Double[], tz: 
Double[], p: Int) : Bool[] 
{ 
    // Calculate Hamiltonian parameters based on the given costs and penalty 
    mutable J = new Double[36]; 



    mutable h = new Double[6]; 
    for (i in 0..5) { 
        set h[i] = 4.0 * penalty - 0.5 * segmentCosts[i]; 
    } 
    // Most elements of J_ij equal 2*penalty, so set all elements to this value, 
then overwrite the exceptions 
    for (i in 0..35) 
    { 
        set J[i] = 2.0 * penalty; 
    } 
    set J[2]  = penalty; 
    set J[9]  = penalty; 
    set J[29] = penalty; 
    // Now run the QAOA circuit 
    mutable r = new Bool[6]; 
    using (x = Qubit[6]) 
    { 
        ApplyToEach(H, x);                          // prepare the uniform 
distribution 
        for (i in 0..p-1) 
        { 
            InstanceHamiltonian(x, tz[i], h, J);    // do Exp(-i H_C tz[i]) 
            DriverHamiltonian(x, tx[i]);            // do Exp(-i H_0 tx[i]) 
        } 
        set r = MeasureAllReset(x);                 // measure in the 
computational basis 
    } 
    return r; 
} 
 
 
One of the key elements of a QAOA algorithm is a good choice of durations to apply the 
Hamiltonians. 

 

Max-Cut and Traveling Salesman Problem 

htps://qiskit.org/ecosystem/op�miza�on/tutorials/06_examples_max_cut_and_tsp.html#  

Introduc�on 

Many problems in quan�ta�ve fields such as finance and engineering are op�miza�on problems. 
Op�miza�on problems lie at the core of complex decision-making and defini�on of strategies. 

Op�miza�on (or combinatorial op�miza�on) means searching for an op�mal solu�on in a finite or 
countably infinite set of poten�al solu�ons. Op�mality is defined with respect to some criterion func�on, 
which is to be minimized or maximized. This is typically called cost func�on or objec�ve func�on. 

Typical op�miza�on problems 

Minimiza�on: cost, distance, length of a traversal, weight, processing �me, material, energy consump�on, 
number of objects 

https://qiskit.org/ecosystem/optimization/tutorials/06_examples_max_cut_and_tsp.html


Maximiza�on: profit, value, output, return, yield, u�lity, efficiency, capacity, number of objects 

We consider here max-cut problems of prac�cal interest in many fields, and show how they can be mapped 
on quantum computers manually and how Qiskit op�miza�on module supports this. 

Weighted Max-Cut 
Max-Cut is an NP-complete problem, with applica�ons in clustering, network science, and sta�s�cal physics. 
To grasp how prac�cal applica�ons are mapped into given Max-Cut instances, consider a system of many 
people that can interact and influence each other. Individuals can be represented by ver�ces of a graph, and 
their interac�ons seen as pairwise connec�ons between ver�ces of the graph, or edges. With this 
representa�on in mind, it is easy to model typical marke�ng problems. For example, suppose that it is 
assumed that individuals will influence each other’s buying decisions, and knowledge is given about how 
strong they will influence each other. The influence can be modeled by weights assigned on each edge of 
the graph. It is possible then to predict the outcome of a marke�ng strategy in which products are offered 
for free to some individuals, and then ask which is the op�mal subset of individuals that should get the free 
products, in order to maximize revenues. 

The formal defini�on of this problem is the following: 

Consider an �-node undirected graph G = (V, E) where |V| = n with edge 
weights ���>0, ���=���, for (�,�)∈�. A cut is defined as a par��on of the original set V into 
two subsets. The cost func�on to be op�mized is in this case the sum of weights of edges connec�ng points 
in the two different subsets, crossing the cut. By assigning ��=0 or ��=1 to each node �, one tries to 
maximize the global profit func�on (here and in the following summa�ons run over indices 0,1,…n-1) 

�~(x)=∑�,������(1−��). 

In our simple marke�ng model, ��� represents the probability that the person � will buy a product 
a�er � gets a free one. Note that the weights ��� can in principle be greater than 1 (or even nega�ve), 
corresponding to the case where the individual � will buy more than one product. Maximizing the total 
buying probability corresponds to maximizing the total future revenues. In the case where the profit 
probability will be greater than the cost of the ini�al free samples, the strategy is a convenient one. An 
extension to this model has the nodes themselves carry weights, which can be regarded, in our marke�ng 
model, as the likelihood that a person granted with a free sample of the product will buy it again in the 
future. With this addi�onal informa�on in our model, the objec�ve func�on to maximize becomes 

�(x)=∑�,������(1−��)+∑�����. 

In order to find a solu�on to this problem on a quantum computer, one needs first to map it to an Ising 
Hamiltonian. This can be done with the assignment ��→(1−��)/2, where �� is the Pauli Z operator 
that has eigenvalues ±1. Doing this we find that 

�(Z)=∑�,����4(1−��)(1+��)+∑���2(1−��)=−12(∑�<��������+∑�����)+co
nst, 

where const=∑�<����/2+∑���/2. In other terms, the weighted Max-Cut problem is equivalent to 
minimizing the Ising Hamiltonian 

�=∑�����+∑�<��������. 

Qiskit op�miza�on module can generate the Ising Hamiltonian for the first profit func�on �~. To this 
extent, func�on �~ can be modeled as a QuadraticProgram, which provides the to_ising() method. 



Approximate Universal Quantum Compu�ng for Op�miza�on 
Problems 
There has been a considerable amount of interest in recent �mes about the use of quantum computers to 
find a solu�on to combinatorial op�miza�on problems. It is important to say that, given the classical nature 
of combinatorial problems, exponen�al speedup in using quantum computers compared to the best 
classical algorithms is not guaranteed. However, due to the nature and importance of the target problems, 
it is worth inves�ga�ng heuris�c approaches on a quantum computer that could indeed speed up some 
problem instances. Here we demonstrate an approach that is based on the Quantum Approximate 
Optimization Algorithm (QAOA) by Farhi, Goldstone, and Gutmann (2014). We frame the algorithm in the 
context of approximate quantum computing, given its heuris�c nature. 

The algorithm works as follows: 

Choose the �� and ��� in the target Ising problem. In principle, even higher powers of Z are allowed. 

Choose the depth of the quantum circuit �. Note that the depth can be modified adap�vely. 

Choose a set of controls � and make a trial func�on |�(�)⟩, built using a quantum circuit made of C-
Phase gates and single-qubit Y rota�ons, parameterized by the components of �. 

Evaluate 

�(�)=⟨�(�) |�| �(�)⟩=∑���⟨�(�) |��| �(�)⟩+∑�<����⟨�(�) |����| �(�)⟩ 

by sampling the outcome of the circuit in the Z-basis and adding the expecta�on values of the individual 
Ising terms together. In general, different control points around � have to be es�mated, depending on the 
classical op�mizer chosen. 

Use a classical op�mizer to choose a new set of controls. 

Con�nue un�l �(�) reaches a minimum, close enough to the solu�on �∗. 

Use the last � to generate a final set of samples from the distribu�on |⟨�� |�(�)⟩|2∀� to obtain the 
answer. 

It is our belief the difficulty of finding good heuris�c algorithms will come down to the choice of an 
appropriate trial wavefunc�on. For example, one could consider a trial func�on whose entanglement best 
aligns with the target problem, or simply make the amount of entanglement a variable. In this tutorial, we 
will consider a simple trial func�on of the form 

|�(�)⟩=[�single(�)�entangler]�|+⟩ 

where �entangler is a collec�on of C-Phase gates (fully entangling gates), 
and �single(�)=∏�=1��(��), where � is the number of qubits and � is the depth of the quantum 
circuit. The mo�va�on for this choice is that for these classical problems this choice allows us to search over 
the space of quantum states that have only real coefficients, s�ll exploi�ng the entanglement to poten�ally 
converge faster to the solu�on. 

One advantage of using this sampling method compared to adiaba�c approaches is that the target Ising 
Hamiltonian does not have to be implemented directly on hardware, allowing this algorithm not to be 
limited to the connec�vity of the device. Furthermore, higher-order terms in the cost func�on, such 
as ������, can also be sampled efficiently, whereas in adiaba�c or annealing approaches they are 
generally imprac�cal to deal with. 
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Applica�on classes 
We use the applica�on classes for the max-cut problem and the traveling salesman problem in this page. 
There are applica�on classes for other op�miza�on problems available as well. See Applica�on Classes for 
Op�miza�on Problems for details. 

[1]: 

# useful additional packages 

import matplotlib.pyplot as plt 

import numpy as np 

import networkx as nx 

 

from qiskit.tools.visualization import plot_histogram 

from qiskit.circuit.library import TwoLocal 

from qiskit_optimization.applications import Maxcut, Tsp 

from qiskit_algorithms import SamplingVQE, NumPyMinimumEigensolver 

from qiskit_algorithms.optimizers import SPSA 

from qiskit_algorithms.utils import algorithm_globals 

from qiskit.primitives import Sampler 

from qiskit_optimization.algorithms import MinimumEigenOptimizer 

Max-Cut problem 

[2]: 

# Generating a graph of 4 nodes 

 

n = 4  # Number of nodes in graph 

G = nx.Graph() 

G.add_nodes_from(np.arange(0, n, 1)) 

elist = [(0, 1, 1.0), (0, 2, 1.0), (0, 3, 1.0), (1, 2, 1.0), (2, 3, 1.0)] 

# tuple is (i,j,weight) where (i,j) is the edge 

G.add_weighted_edges_from(elist) 

https://qiskit-community.github.io/qiskit-optimization/tutorials/09_application_classes.html
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colors = ["r" for node in G.nodes()] 

pos = nx.spring_layout(G) 

 

 

def draw_graph(G, colors, pos): 

    default_axes = plt.axes(frameon=True) 

    nx.draw_networkx(G, node_color=colors, node_size=600, alpha=0.8, ax=default_axes, pos=pos) 

    edge_labels = nx.get_edge_attributes(G, "weight") 

    nx.draw_networkx_edge_labels(G, pos=pos, edge_labels=edge_labels) 

 

 

draw_graph(G, colors, pos) 

 

[3]: 

# Computing the weight matrix from the random graph 

w = np.zeros([n, n]) 

for i in range(n): 

    for j in range(n): 

        temp = G.get_edge_data(i, j, default=0) 



        if temp != 0: 

            w[i, j] = temp["weight"] 

print(w) 

[[0. 1. 1. 1.] 

 [1. 0. 1. 0.] 

 [1. 1. 0. 1.] 

 [1. 0. 1. 0.]] 

Brute force approach 
Try all possible 2� combina�ons. For �=4, as in this example, one deals with only 16 combina�ons, but for 
n = 1000, one has 1.071509e+30 combina�ons, which is imprac�cal to deal with by using a brute force 
approach. 

[4]: 

best_cost_brute = 0 

for b in range(2**n): 

    x = [int(t) for t in reversed(list(bin(b)[2:].z�ill(n)))] 

    cost = 0 

    for i in range(n): 

        for j in range(n): 

            cost = cost + w[i, j] * x[i] * (1 - x[j]) 

    if best_cost_brute < cost: 

        best_cost_brute = cost 

        xbest_brute = x 

    print("case = " + str(x) + " cost = " + str(cost)) 

 

colors = ["r" if xbest_brute[i] == 0 else "c" for i in range(n)] 

draw_graph(G, colors, pos) 

print("\nBest solution = " + str(xbest_brute) + " cost = " + str(best_cost_brute)) 

case = [0, 0, 0, 0] cost = 0.0 

case = [1, 0, 0, 0] cost = 3.0 

case = [0, 1, 0, 0] cost = 2.0 

case = [1, 1, 0, 0] cost = 3.0 

case = [0, 0, 1, 0] cost = 3.0 

case = [1, 0, 1, 0] cost = 4.0 



case = [0, 1, 1, 0] cost = 3.0 

case = [1, 1, 1, 0] cost = 2.0 

case = [0, 0, 0, 1] cost = 2.0 

case = [1, 0, 0, 1] cost = 3.0 

case = [0, 1, 0, 1] cost = 4.0 

case = [1, 1, 0, 1] cost = 3.0 

case = [0, 0, 1, 1] cost = 3.0 

case = [1, 0, 1, 1] cost = 2.0 

case = [0, 1, 1, 1] cost = 3.0 

case = [1, 1, 1, 1] cost = 0.0 

 

Best solution = [1, 0, 1, 0] cost = 4.0 

 

Mapping to the Ising problem 
Qiskit op�miza�on provides func�onality to generate QuadraticProgram from the problem specifica�on as 
well as create the corresponding Ising Hamiltonian. 

[5]: 

max_cut = Maxcut(w) 

qp = max_cut.to_quadratic_program() 

print(qp.prettyprint()) 



Problem name: Max-cut 

 

Maximize 

  -2*x_0*x_1 - 2*x_0*x_2 - 2*x_0*x_3 - 2*x_1*x_2 - 2*x_2*x_3 + 3*x_0 + 2*x_1 

  + 3*x_2 + 2*x_3 

 

Subject to 

  No constraints 

 

  Binary variables (4) 

    x_0 x_1 x_2 x_3 

 

[6]: 

qubitOp, offset = qp.to_ising() 

print("Offset:", offset) 

print("Ising Hamiltonian:") 

print(str(qubitOp)) 

Offset: -2.5 

Ising Hamiltonian: 

SparsePauliOp(['IIZZ', 'IZIZ', 'IZZI', 'ZIIZ', 'ZZII'], 

              coeffs=[0.5+0.j, 0.5+0.j, 0.5+0.j, 0.5+0.j, 0.5+0.j]) 

[7]: 

# solving Quadratic Program using exact classical eigensolver 

exact = MinimumEigenOptimizer(NumPyMinimumEigensolver()) 

result = exact.solve(qp) 

print(result.prettyprint()) 

objective function value: 4.0 

variable values: x_0=1.0, x_1=0.0, x_2=1.0, x_3=0.0 

status: SUCCESS 

Since the problem was cast to a minimiza�on problem, the solu�on of −4 corresponds to the op�mum. 

Checking that the full Hamiltonian gives the right cost 
[8]: 



# Making the Hamiltonian in its full form and getting the lowest eigenvalue and eigenvector 

ee = NumPyMinimumEigensolver() 

result = ee.compute_minimum_eigenvalue(qubitOp) 

 

x = max_cut.sample_most_likely(result.eigenstate) 

print("energy:", result.eigenvalue.real) 

print("max-cut objective:", result.eigenvalue.real + offset) 

print("solution:", x) 

print("solution objective:", qp.objective.evaluate(x)) 

 

colors = ["r" if x[i] == 0 else "c" for i in range(n)] 

draw_graph(G, colors, pos) 

energy: -1.5 

max-cut objective: -4.0 

solution: [1. 0. 1. 0.] 

solution objective: 4.0 

 

Running it on quantum computer 
We run the op�miza�on rou�ne using a feedback loop with a quantum computer that uses trial func�ons 
built with Y single-qubit rota�ons, �single(�)=∏�=1��(��), and entangler steps �entangler. 



[9]: 

algorithm_globals.random_seed = 123 

seed = 10598 

[10]: 

# construct SamplingVQE 

optimizer = SPSA(maxiter=300) 

ry = TwoLocal(qubitOp.num_qubits, "ry", "cz", reps=5, entanglement="linear") 

vqe = SamplingVQE(sampler=Sampler(), ansatz=ry, optimizer=optimizer) 

 

# run SamplingVQE 

result = vqe.compute_minimum_eigenvalue(qubitOp) 

 

# print results 

x = max_cut.sample_most_likely(result.eigenstate) 

print("energy:", result.eigenvalue.real) 

print("time:", result.optimizer_time) 

print("max-cut objective:", result.eigenvalue.real + offset) 

print("solution:", x) 

print("solution objective:", qp.objective.evaluate(x)) 

 

# plot results 

colors = ["r" if x[i] == 0 else "c" for i in range(n)] 

draw_graph(G, colors, pos) 

energy: -1.4996861455587294 

time: 3.004215717315674 

max-cut objective: -3.999686145558729 

solution: [0 1 0 1] 

solution objective: 4.0 



 

[11]: 

# create minimum eigen optimizer based on SamplingVQE 

vqe_optimizer = MinimumEigenOptimizer(vqe) 

 

# solve quadratic program 

result = vqe_optimizer.solve(qp) 

print(result.prettyprint()) 

 

colors = ["r" if result.x[i] == 0 else "c" for i in range(n)] 

draw_graph(G, colors, pos) 

objective function value: 4.0 

variable values: x_0=1.0, x_1=0.0, x_2=1.0, x_3=0.0 

status: SUCCESS 



 

Traveling Salesman Problem 

In addi�on to being a notorious NP-complete problem that has drawn the aten�on of computer scien�sts 
and mathema�cians for over two centuries, the Traveling Salesman Problem (TSP) has important bearings 
on finance and marke�ng, as its name suggests. Colloquially speaking, the traveling salesman is a person 
that goes from city to city to sell merchandise. The objec�ve in this case is to find the shortest path that 
would enable the salesman to visit all the ci�es and return to its hometown, i.e. the city where he started 
traveling. By doing this, the salesman gets to maximize poten�al sales in the least amount of �me. 

The problem derives its importance from its “hardness” and ubiquitous equivalence to other relevant 
combinatorial op�miza�on problems that arise in prac�ce. 

The mathema�cal formula�on with some early analysis was proposed by W.R. Hamilton in the early 19th 
century. Mathema�cally the problem is, as in the case of Max-Cut, best abstracted in terms of graphs. The 
TSP on the nodes of a graph asks for the shortest Hamiltonian cycle that can be taken through each of the 
nodes. A Hamilton cycle is a closed path that uses every vertex of a graph once. The general solu�on is 
unknown and an algorithm that finds it efficiently (e.g., in polynomial �me) is not expected to exist. 

Find the shortest Hamiltonian cycle in a graph �=(�,�) with �=|�| nodes and 
distances, ��� (distance from vertex � to vertex �). A Hamiltonian cycle is described 
by �2 variables ��,�, where � represents the node and � represents its order in a prospec�ve cycle. 
The decision variable takes the value 1 if the solu�on occurs at node � at �me order �. We require that 
every node can only appear once in the cycle, and for each �me a node has to occur. This amounts to the 
two constraints (here and in the following, whenever not specified, the summands run over 0,1,…N-1) 

∑���,�=1  ∀� 

∑���,�=1  ∀�. 

For nodes in our prospec�ve ordering, if ��,� and ��,�+1 are both 1, then there should be an energy 
penalty if (�,�)∉� (not connected in the graph). The form of this penalty is 



∑�,�∉�∑���,���,�+1>0, 

where it is assumed the boundary condi�on of the Hamiltonian cycles (�=�)≡(�=0). However, here it will 
be assumed a fully connected graph and not include this term. The distance that needs to be minimized is 

�(x)=∑�,����∑���,���,�+1. 

Pu�ng this all together in a single objec�ve func�on to be minimized, we get the following: 

�(x)=∑�,����∑���,���,�+1+�∑�(1−∑���,�)2+�∑�(1−∑���,�)2, 

where � is a free parameter. One needs to ensure that � is large enough so that these constraints are 
respected. One way to do this is to choose � such that �>max(���). 

Once again, it is easy to map the problem in this form to a quantum computer, and the solu�on will be 
found by minimizing a Ising Hamiltonian. 

[12]: 

# Generating a graph of 3 nodes 

n = 3 

num_qubits = n**2 

tsp = Tsp.create_random_instance(n, seed=123) 

adj_matrix = nx.to_numpy_array(tsp.graph) 

print("distance\n", adj_matrix) 

 

colors = ["r" for node in tsp.graph.nodes] 

pos = [tsp.graph.nodes[node]["pos"] for node in tsp.graph.nodes] 

draw_graph(tsp.graph, colors, pos) 

distance 

 [[ 0. 48. 91.] 

 [48.  0. 63.] 

 [91. 63.  0.]] 



 

Brute force approach 
[13]: 

from itertools import permutations 

 

 

def brute_force_tsp(w, N): 

    a = list(permutations(range(1, N))) 

    last_best_distance = 1e10 

    for i in a: 

        distance = 0 

        pre_j = 0 

        for j in i: 

            distance = distance + w[j, pre_j] 

            pre_j = j 

        distance = distance + w[pre_j, 0] 

        order = (0,) + i 

        if distance < last_best_distance: 

            best_order = order 



            last_best_distance = distance 

            print("order = " + str(order) + " Distance = " + str(distance)) 

    return last_best_distance, best_order 

 

 

best_distance, best_order = brute_force_tsp(adj_matrix, n) 

print( 

    "Best order from brute force = " 

    + str(best_order) 

    + " with total distance = " 

    + str(best_distance) 

) 

 

 

def draw_tsp_solution(G, order, colors, pos): 

    G2 = nx.DiGraph() 

    G2.add_nodes_from(G) 

    n = len(order) 

    for i in range(n): 

        j = (i + 1) % n 

        G2.add_edge(order[i], order[j], weight=G[order[i]][order[j]]["weight"]) 

    default_axes = plt.axes(frameon=True) 

    nx.draw_networkx( 

        G2, node_color=colors, edge_color="b", node_size=600, alpha=0.8, ax=default_axes, pos=pos 

    ) 

    edge_labels = nx.get_edge_attributes(G2, "weight") 

    nx.draw_networkx_edge_labels(G2, pos, font_color="b", edge_labels=edge_labels) 

 

 

draw_tsp_solution(tsp.graph, best_order, colors, pos) 

order = (0, 1, 2) Distance = 202.0 

Best order from brute force = (0, 1, 2) with total distance = 202.0 



 

Mapping to the Ising problem 
[14]: 

qp = tsp.to_quadratic_program() 

print(qp.prettyprint()) 

Problem name: TSP 

 

Minimize 

  48*x_0_0*x_1_1 + 48*x_0_0*x_1_2 + 91*x_0_0*x_2_1 + 91*x_0_0*x_2_2 

  + 48*x_0_1*x_1_0 + 48*x_0_1*x_1_2 + 91*x_0_1*x_2_0 + 91*x_0_1*x_2_2 

  + 48*x_0_2*x_1_0 + 48*x_0_2*x_1_1 + 91*x_0_2*x_2_0 + 91*x_0_2*x_2_1 

  + 63*x_1_0*x_2_1 + 63*x_1_0*x_2_2 + 63*x_1_1*x_2_0 + 63*x_1_1*x_2_2 

  + 63*x_1_2*x_2_0 + 63*x_1_2*x_2_1 

 

Subject to 

  Linear constraints (6) 

    x_0_0 + x_0_1 + x_0_2 == 1  'c0' 

    x_1_0 + x_1_1 + x_1_2 == 1  'c1' 

    x_2_0 + x_2_1 + x_2_2 == 1  'c2' 



    x_0_0 + x_1_0 + x_2_0 == 1  'c3' 

    x_0_1 + x_1_1 + x_2_1 == 1  'c4' 

    x_0_2 + x_1_2 + x_2_2 == 1  'c5' 

 

  Binary variables (9) 

    x_0_0 x_0_1 x_0_2 x_1_0 x_1_1 x_1_2 x_2_0 x_2_1 x_2_2 

 

[15]: 

from qiskit_optimization.converters import QuadraticProgramToQubo 

 

qp2qubo = QuadraticProgramToQubo() 

qubo = qp2qubo.convert(qp) 

qubitOp, offset = qubo.to_ising() 

print("Offset:", offset) 

print("Ising Hamiltonian:") 

print(str(qubitOp)) 

Offset: 7581.0 

Ising Hamiltonian: 

SparsePauliOp(['IIIIIIIIZ', 'IIIIIIIZI', 'IIIIIIZII', 'IIIIIZIII', 'IIIIZIIII', 'IIIZIIIII', 'IIZIIIIII', 'IZIIIIIII', 'ZIIIIIIII', 
'IIIIIIIZZ', 'IIIIIIZIZ', 'IIIIIIZZI', 'IIIIIZIIZ', 'IIIIIZIZI', 'IIIIIZZII', 'IIIIZIIIZ', 'IIIIZIIZI', 'IIIIZIZII', 'IIIIZZIII', 
'IIIZIIIIZ', 'IIIZIIIZI', 'IIIZIIZII', 'IIIZIZIII', 'IIIZZIIII', 'IIZIIIIIZ', 'IIZIIIIZI', 'IIZIIIZII', 'IIZIIZIII', 'IIZIZIIII', 
'IIZZIIIII', 'IZIIIIIIZ', 'IZIIIIIZI', 'IZIIIIZII', 'IZIIIZIII', 'IZIIZIIII', 'IZIZIIIII', 'IZZIIIIII', 'ZIIIIIIIZ', 'ZIIIIIIZI', 
'ZIIIIIZII', 'ZIIIIZIII', 'ZIIIZIIII', 'ZIIZIIIII', 'ZIZIIIIII', 'ZZIIIIIII'], 

              coeffs=[-1282.5 +0.j, -1282.5 +0.j, -1282.5 +0.j, -1268.5 +0.j, -1268.5 +0.j, 

 -1268.5 +0.j, -1290.  +0.j, -1290.  +0.j, -1290.  +0.j,   606.5 +0.j, 

   606.5 +0.j,   606.5 +0.j,   606.5 +0.j,    12.  +0.j,    12.  +0.j, 

    12.  +0.j,   606.5 +0.j,    12.  +0.j,   606.5 +0.j,    12.  +0.j, 

    12.  +0.j,   606.5 +0.j,   606.5 +0.j,   606.5 +0.j,   606.5 +0.j, 

    22.75+0.j,    22.75+0.j,   606.5 +0.j,    15.75+0.j,    15.75+0.j, 

    22.75+0.j,   606.5 +0.j,    22.75+0.j,    15.75+0.j,   606.5 +0.j, 

    15.75+0.j,   606.5 +0.j,    22.75+0.j,    22.75+0.j,   606.5 +0.j, 

    15.75+0.j,    15.75+0.j,   606.5 +0.j,   606.5 +0.j,   606.5 +0.j]) 

[16]: 

result = exact.solve(qubo) 



print(result.prettyprint()) 

objective function value: 202.0 

variable values: x_0_0=1.0, x_0_1=0.0, x_0_2=0.0, x_1_0=0.0, x_1_1=1.0, x_1_2=0.0, x_2_0=0.0, x_2_1=0.0, 
x_2_2=1.0 

status: SUCCESS 

Checking that the full Hamiltonian gives the right cost 
[17]: 

# Making the Hamiltonian in its full form and getting the lowest eigenvalue and eigenvector 

ee = NumPyMinimumEigensolver() 

result = ee.compute_minimum_eigenvalue(qubitOp) 

 

print("energy:", result.eigenvalue.real) 

print("tsp objective:", result.eigenvalue.real + offset) 

x = tsp.sample_most_likely(result.eigenstate) 

print("feasible:", qubo.is_feasible(x)) 

z = tsp.interpret(x) 

print("solution:", z) 

print("solution objective:", tsp.tsp_value(z, adj_matrix)) 

draw_tsp_solution(tsp.graph, z, colors, pos) 

energy: -7379.0 

tsp objective: 202.0 

feasible: True 

solution: [0, 1, 2] 

solution objective: 202.0 



 

Running it on quantum computer 
We run the op�miza�on rou�ne using a feedback loop with a quantum computer that uses trial func�ons 
built with Y single-qubit rota�ons, �single(�)=∏�=1��(��), and entangler steps �entangler. 

[18]: 

algorithm_globals.random_seed = 123 

seed = 10598 

[19]: 

optimizer = SPSA(maxiter=300) 

ry = TwoLocal(qubitOp.num_qubits, "ry", "cz", reps=5, entanglement="linear") 

vqe = SamplingVQE(sampler=Sampler(), ansatz=ry, optimizer=optimizer) 

 

result = vqe.compute_minimum_eigenvalue(qubitOp) 

 

print("energy:", result.eigenvalue.real) 

print("time:", result.optimizer_time) 

x = tsp.sample_most_likely(result.eigenstate) 

print("feasible:", qubo.is_feasible(x)) 

z = tsp.interpret(x) 

print("solution:", z) 



print("solution objective:", tsp.tsp_value(z, adj_matrix)) 

draw_tsp_solution(tsp.graph, z, colors, pos) 

energy: -7326.02469952184 

time: 14.182559490203857 

feasible: True 

solution: [1, 2, 0] 

solution objective: 202.0 

 

[20]: 

algorithm_globals.random_seed = 123 

seed = 10598 

[21]: 

# create minimum eigen optimizer based on SamplingVQE 

vqe_optimizer = MinimumEigenOptimizer(vqe) 

 

# solve quadratic program 

result = vqe_optimizer.solve(qp) 

print(result.prettyprint()) 

 

z = tsp.interpret(x) 



print("solution:", z) 

print("solution objective:", tsp.tsp_value(z, adj_matrix)) 

draw_tsp_solution(tsp.graph, z, colors, pos) 

objective function value: 202.0 

variable values: x_0_0=0.0, x_0_1=0.0, x_0_2=1.0, x_1_0=1.0, x_1_1=0.0, x_1_2=0.0, x_2_0=0.0, x_2_1=1.0, 
x_2_2=0.0 

status: SUCCESS 

solution: [1, 2, 0] 

solution objective: 202.0 

 

[22]: 

import qiskit.tools.jupyter 

 

%qiskit_version_table 

%qiskit_copyright 

/tmp/ipykernel_10107/1492642725.py:1: DeprecationWarning: qiskit.tools.jupyter is deprecated and 
will be removed in Qiskit 1.0.0 

  import qiskit.tools.jupyter 

 



[X] User test 3

b. Miroboard Results

a. Miroboard Test (template)

c. Participants results (Next Page)

https://miro.com/welcomeonboard/VkNjU3B0bDhYdmpzQzU5NFlUODR6eXlUdEN5N-
k14WFh3emxTSDNzOVo5TFBtSGhJUGZUQzBHYnREalpCdGRPaHwzNDU4NzY0NTE4M-
zE0MjA1NTE5fDI=?share_link_id=641786781195
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#$%&'(�)f35:�12�)5;�<POm>=@�D=?EF�@P�?An?C>OCo�p?@=Bq



�����������	
�� ������

�����
����������������������������������	�� ������!�����!�������������������"�� ���

#$%&'�()*)+'�*,--�-,&'.��/)--�0+1234�-5+)�6����7(%$�85&95':%;'5$5<,'5%+:,;;-5*,'5%+&:5&5+=�5$;%('�'&;>%?@-)A%'B%@+?C((%(DE�������������������������
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4#8$'&�FKJPZnJZI��P{PZnJ�+%�PZJ4#8$'&�LEFP{�+%�LP4#8$'&�LNJ�nXz��+%�L�W'$#�IJNXJnnZD�4#8$'&�PNXFEJKJInLD\��̂ug_̂�bî�lgbĝf�a_j�jgfba_l̂fMIJIND�9�Op�FDJNXHKFpS�p�nJJNXHKFpS�p�NL��KKYpR��\�kb̀ l̂ib�gf�_eb�g_lctĵj�g_�biDJKXJmMIJ{�9�pqJXNMQJpHIDJKLMND�9�v����Gp�FDJNXHKFpS�p�NL��KKYpVw���S����Gp�FDJNXHKFpS�p�nJJNXHKFpVw���S����Gp�FDJNXHKFpS�pqJXNMQJpVw���S����Gp�NL��KKYpS�p�nJJNXHKFpVw���S����Gp�NL��KKYpS�pqJXNMQJpVw���S����Gp�nJJNXHKFpS�pqJXNMQJpVw��US����\��jjg_��̀ �̂̂ f̀̂�jgfba_l̂f�ĥlatf̂�bigf�gf�a_�t_jg̀ l̂b̂j��̀adi����Gp�NL��KKYpS�p�FDJNXHKFpVw���S����Gp�nJJNXHKFpS�p�FDJNXHKFpVw���S����GpqJXNMQJpS�p�FDJNXHKFpVw���S����Gp�nJJNXHKFpS�p�NL��KKYpVw���S����GpqJXNMQJpS�p�NL��KKYpVw���S����GpqJXNMQJpS�p�nJJNXHKFpVw��Ux\�r̀ âb̂�bî��̀adi��9�L�=�XKPQGV



�����������	
�� ��

����
����������������������������������	��������� ����� ���������������!�� ���

"#$%&�'()(*&�)+,,�,+%&-./0123�45/6�78��9(,,�:*;<=>�,?*(�@A�?*�BC?)&)$#DE����D+&FGC?%&+*)(%�H�ID+&FJ�)$#DK&(GD+&FGC?%&+*)("D+&F-�L$'�D+&F�?*�+,,GD+&F%MNOD(P''$'JQ������������������������

RSTUUV/WU6XYZT[ZV\5Z]̂L$'�\5Z]�?*�\5Z56Y_����RSTUUV/WU6X\5Z]̂L$'�X\5Z]83�\5Z]̀ 3̂�U5YZT/\6�?*�U5YZT/\6YS5Z6aYX̂_����RSTUUV6Ub6X\5Z]83�\5Z]̀3�c65bdZHU5YZT/\6̂e�fghijklh�jl�ilmngjo�jpo�nqjp�rksjqhioC(L�\WatuZ6VtTZdVU5YZT/\6XtTZd̂_����'(&K'*�YuaXU5YZT/\6Y0XtTZd0523�tTZd05v82̂2�L$'�5�?*�[T/b6X46/XtTZd̂�w�8̂^e�xohoyqjo�qzz�nlssk{zo�nqjps|�o}izgrkh~�jpo�sjqyj�ohr�ikj���ylm�noymgjqjklhsT44VtTZdY�H�0X0YZT[ZV\5Z]2�v�45YZXtTZd̂�v�0YZT[ZV\5Z]2̂�L$'�tTZd�?*�t6[auZTZ5W/Ye��lmngjo�jpo�rksjqhio�l��oqip�nqjptTZdVU5YZT/\6Y�H��tTZd_�\WatuZ6VtTZdVU5YZT/\6XtTZd̂�L$'�tTZd�?*�T44VtTZdY�e�fkhr�jpo�splyjosj�nqjpYdW[Z6YZVtTZd�H�a5/XtTZdVU5YZT/\6Y3��6]HtTZdVU5YZT/\6YSb6ẐYdW[Z6YZVU5YZT/\6�H�tTZdVU5YZT/\6Y0YdW[Z6YZVtTZd2t[5/ZX���d6�YdW[Z6YZ�tTZd�5Y_��������S�W5/XYdW[Z6YZVtTZd̂��c5Zd�T�U5YZT/\6�W���Ye��ksgqzk�o�jpo�splyjosj�nqjptWY�H�/�SYt[5/bV4T]WuZXR̂��e��q�lgj��ly��ksgqzk�qjklh4T�64Y�H�/�Sb6ZV6Ub6VTZZ[5�uZ6YXR3��c65bdZ�̂/�SU[TcXR3�tWY3�c5ZdV4T�64YHN'K(3�/WU6V\W4W[H�45bdZ�4u6�3�/WU6VY5�6H̀���3�6Ub6V\/�SU[TcV/6ZcW[��V6Ub6V4T�64YXR3�tWY3�6Ub6V4T�64YH4T�64Ŷe��k~pzk~pj�jpo�splyjosj�nqjptTZdV6Ub6Y�H�45YZX�5tXYdW[Z6YZVtTZd3�YdW[Z6YZVtTZd08_2̂^/�SU[TcV/6ZcW[��V6Ub6YXR3�tWY3�6Ub645YZHtTZdV6Ub6Y3�6Ub6V\W4W[H�[6U�3�c5UZdH̀^t4ZSZ5Z46X��dW[Z6YZ��TZd��W[�����̂t4ZSYdWcX̂
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d. Solution of the problem (Next Page)
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