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• CINECA is a Consortium composed by 98 
Italian universities and public institutions.

• Since its origins in 1969, Cineca offers 
support to scientific research, public and 
industrial, through supercomputing and 
the use of the most innovative 
computing systems based on state-of-
the-art architectures and technologies.

• HPC Italian National Center, owner of one 
of the most powerful supercomputer in 
Europe and the World 

CINECA Overview



Leonardo: Cineca pre-

exascale supercomputer

Fourth most powerful 

supercomputers in the world

CINECA Overview



CINECA: Italian HPC center

CINECA Quantum Computing Lab:

- Support research Universities, Industries and QC startups

- Internship programs, Courses and Conference (HPCQC)

https://www.quantumcomputinglab.cineca.it

Quantum Computing @ CINECA

r.mengoni@cineca.it

Linkedin

https://www.quantumcomputinglab.cineca.it/it/
mailto:r.mengoni@cineca.it
https://it.linkedin.com/in/riccardo-mengoni


What is Quantum Computing?



What is Quantum Computing?

3. State Change



What is Quantum Computing?

A Quantum Computer 

is NOT simply a smaller 

or faster version of  

traditional computers 

or HPC systems



What is Quantum Computing?

A fundamentally new 

paradigm for information 

processing and computation

Based on the principles of 

Quantum Physics



What is Quantum Computing?

Quantum Algorithms ≠ Classical Algorithms

• A completely different approach is required to solve problems 

(because involves quantum mechanics)



Let’s take a step back.. What is

Quantum Mechanics?



What is Quantum Mechanics?

“If you remove all the physics

QM= probability theory + minus sign”
Cit. Scott Aaronson

https://www.youtube.com/watch?v=SczraSQE3MY



What is Quantum Mechanics?

“If you remove all the physics

QM= probability theory + minus sign”
Cit. Scott Aaronson

..also Linear algebra Involved

Vectors (ket)

Complex 

Number

Dimension = 𝑛2

Tensor Product

Unitary Operators

Hermitian Operators

Nielsen, M. A., & Chuang, I. L. (2011). Quantum Computation and Quantum Information



Postulates of Quantum Computing

Nielsen, M. A., & Chuang, I. L. (2011). Quantum Computation and Quantum Information



Postulates of Quantum Computing (1) 

1. Unit of Information



Postulates of Quantum Computing (1) 

Unit of classical information is the bit

State of a bit:

Classically



Postulates of Quantum Computing (1)

To a closed quantum system is associated a space of states H which is a 

Hilbert space. The pure state of the system is then represented by a 

unit norm vector on such Hilbert space.

The unit of quantum information is the quantum bit   a.k.a.  Qubit

State of a qubit:                 

Quantumly



Postulates of Quantum Computing (1) 

Space of states:

State of a qubit:



Postulates of Quantum Computing (1) 

bit

bit

qubit

Space of states:

State of a qubit:

Can be parametrized as:



Postulates of Quantum Computing (2) 

2. Composite systems



Postulates of Quantum Computing (2) 

State of N bits: 

Classically



Postulates of Quantum Computing (2) 

Quantumly
The space of states of a composite system is the tensor

product of the spaces of the subsystems

State of N qubits: 



Postulates of Quantum Computing (2) 

Quantum Entanglement

States that can be written as tensor product 

are called factorable or product states



Postulates of Quantum Computing (2) 

Quantum Entanglement

States that can NOT be written as tensor product 

are called entangled states



Postulates of Quantum Computing (2) 

Quantum Entangled

Example: Schrödinger’s cat



Postulates of Quantum Computing (2) 

Quantum Entangled

Example: Bell’s states



Postulates of Quantum Computing (3) 

3. State Change



Postulates of Quantum Computing (3) 

Classically: logic gates



Postulates of Quantum Computing (3) 

Quantumly

The state change of a closed quantum system is 

described by a unitary operator 

Schrodinger Equation

=



Postulates of Quantum Computing (3) 

Quantumly: Quantum Gates



Postulates of Quantum Computing (4) 

4. Measurement



Measuring returns the state of a bit with certainty

Measurements do not affect the state of a bit

Postulates of Quantum Computing (4) 

Classically

| ۧ0
Measure

Outcome

| ۧ1
Measure

| ۧ1
Outcome

| ۧ0



Measuring returns the bit state with some probability

Measurement affects the state of a qubit

Postulates of Quantum Computing (4) 

Quantumly

Measure

Outcome

| ۧ0 with 

| ۧ1 with

Pr = 𝛼 2

Pr = 𝛽 2



• To any observable physical quantity is associated an 

hermitian operator O

• A measurement outcomes are the possibile eigenvalues

𝑜𝑖 .    

• The probability of obtaining 𝑜𝑖 as a result of the 

measurement is

• The effect of the measure is to change the state | ۧ𝜓 into the 

eigenvector of O

Postulates of Quantum Computing (4) 

Quantumly



Quantum Computing Models



Quantum Computing Models

Gate Model Quantum Computation Adiabatic Quantum Computation

Measurement Based Quantum Computation
Topological Quantum Computation



Quantum Computing Models

Gate Model Quantum Computation Adiabatic Quantum Computation

Measurement Based Quantum Computation
Topological Quantum Computation



Quantum Circuits



Quantum Circuits

Quantum Algorithm = Quantum Circuit

A quantum circuit with n input qubits and n output qubits is

defined by a unitary transformation



Quantum Circuits

qubits

Initialization Quantum Gates Measurement

Probabilistic

Classical outcome
classical bits

It is necessary to run the circuit and measure multiple 

times to reconstruct the probability distribution

00 11



Quantum Parallelism



Quantum Parallelism

Oracle: Function evaluation

Given a function , an algorithm to evaluate

such function is given by the unitary

where



Quantum Parallelism

Quantum Parallelism

Consider the following quantum circuit



Quantum Parallelism

Quantum Parallelism: step-by-step



Quantum Parallelism

Quantum Parallelism: step-by-step

Hadamard Gate



Quantum Parallelism

Quantum Parallelism: step-by-step



Quantum Parallelism

Quantum Parallelism: step-by-step



Quantum Parallelism

Quantum Parallelism: step-by-step



Quantum Parallelism

This is a remarkable state! 

With a single use of the Oracle, we created 

a quantum  superposition containing 

information about both f(0) and f(1)



Quantum Parallelism

This is a remarkable state! 

With a single use of the Oracle, we created 

a quantum  superposition containing 

information about both f(0) and f(1)

However, parallelism alone is not 

immediately useful! Measuring 

would return a random output 

(either f(0) or f(1)). 

Quantum algorithms exploit quantum parallelism to solve some

problems faster than classical algorithms



Quantum Algorithms



Shor Algorithm

Facorization Problem

Given ,  find the two prime numbers such that



Shor Algorithm

Facorization Problem

Given ,  find the two prime numbers such that

RSA

Classically: Finding 

solution requires

exponential time

Used in the 

RSA crypto

system 



Shor Algorithm

Quantum Algorithm to solve 

factorization in polynomial time

https://www.youtube.com/watch?v=6qD9XElTpCE



Shor Algorithm

* Assuming we have a fault-tolerant quantum computer capable of executing Shor’s algorithm by 

applying gates at the speed of current quantum computers based on superconducting circuits

*
~ seconds*

~ billions of years

Time to factor a 

2048-digits number

Exponential

speedup



Shor Algorithm

https://www.youtube.com/watch?v=6qD9XElTpCE

https://www.youtube.com/watch?v=6qD9XElTpCE


Grover search algorithm

Run-time brute-force algorithm:

𝒅𝑵

Run-time Grover search:

𝒅𝑵



NP-

complete

P
Efficient

solution

NP
Solution can be 

verified efficiently

Complexity classes
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NP-

complete

P
Efficient
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NP
Solution can be 

verified efficiently

Complexity classes

Factorization: 

Shor’s algorithm
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Grover search



NP-

complete

P
Efficient

solution

NP
Solution can be 

verified efficiently

Complexity classes

Factorization: 

Shor’s algorithm

Search Problems: 

Grover search

BQP
Efficiently

solved by a QC



NP-

complete

P
Efficient

solution

NP
Solution can be 

verified efficiently

Complexity classes

Factorization: 

Shor’s algorithm

Search Problems: 

Grover search

BQP
Efficiently

solved by a QC

Quantum 

systems 

simulation



Old School Quantum Algorithms

Cryptography

Shor’s Algorithm
Exponential Speedup

RSA

Optimization

Grover’s Algorithm
Quadratic Speedup

Chemistry

Quantum Simualtion
Exponential Speedup

Quantum Algorithm Zoo:

https://quantumalgorithmzoo.org/



Old School Quantum Algorithms

Cryptography

Shor’s Algorithm
Exponential Speedup

Optimization

Grover’s Algorithm
Quadratic Speedup

Chemistry

Quantum Simualtion
Exponential Speedup

These algorithms assume to 

have ideal qubits that are not

subjected to noise and errors

• Coherent quantum errors: Gates 

which are incorrectly applied

• Decoherence: errors due to the 

interaction with the environment

• Initialization errors: failing to prepare 

the correct initial state

• Qubit loss

Common sources of errors in QC

QEC: introductiory guide

https://arxiv.org/abs/1907.11157



Old School Quantum Algorithms: Error correction

Cryptography

Shor’s Algorithm
Exponential Speedup

Optimization

Grover’s Algorithm
Quadratic Speedup

Chemistry

Quantum Simualtion
Exponential Speedup

• Require error corrected quantum 

computers with about 1 million or 

100 thousands of qubits

• Error correction comes with an 

overhead in the number of physical 

qubits 

• Will be availabe in 10-20 years
QEC: introductiory guide

https://arxiv.org/abs/1907.11157



Old School Quantum Algorithms: Error correction

Cryptography

Shor’s Algorithm
Exponential Speedup

Optimization

Grover’s Algorithm
Quadratic Speedup

Chemistry

Quantum Simualtion
Exponential Speedup

• Require error corrected quantum 

computers with about 1 million or 

100 thousands of qubits

• Error correction comes with an 

overhead in the number of physical 

qubits 

• Will be availabe in 10-20 years



How can we use the small and imperfect

Quantum Devices (NISQ) we have today?



The NISQ Era



NISQ = Noisy Intermediate-Scale Quantum

Intermediate-Scale Quantum computers with no error correction

The NISQ Era

Different Qubit technologies



The NISQ Era

Differences:

Coherence Time (seconds): quantum superposition lifetime

Gate Fidelity (%) : Fidelity in gate operation

Gate Delay (seconds) : time needed to aplly a gate operation

Topology: how qubits are connected togerther



Superconducting Superconducting Superconducting Superconducting

Subtype Tunable Fixed Freq. Parametric Flux

Coherence Time 
(seconds)

1.50E-05 1.50E-04 2.00E-05 5.00E-08

Gate Fidelity (%) 99.7% 99.1% 99.2%

Gate Delay 
(seconds)

2.0E-08 4.50E-07 1.60E-07

Environment 20mK 20mK 20mK 20mK

Largest Device 53Q 127Q 80Q 5000Q

Players

Google
QuTech
Quantum Circuits Inc.
IQM
SeeQC

IBM
OpenSuperQ
OQC

Rigetti
Bleximo

D-Wave
Qilimanjaro

Qubit technologies

https://quantumcomputingreport.com/



Trapped Ions Trapped Ions

Subtype Hyperfine Optical

Coherence Time 
(seconds)

3 0.2

Gate Fidelity (%) 99.92% 99.6%

Gate Delay (seconds) 2.00E-04 2.0E-04

Environment Vacuum Vacuum

Largest Device 32Q 20Q

Notable Players
IonQ
Honeywell

AQT
AQTION
NextGenQ

Qubit technologies

https://quantumcomputingreport.com/



Photonics Photonics

Subtype Si3N4 Other

Coherence Time (seconds) 1.50E-04

Gate Fidelity (%)

Gate Delay (seconds)
1.00E-09

Environment Ambient, 2K only for Detectors Ambient, 2K only for Detectors

Largest Device 216 continuos variable Qumode 20 photons

Notable Players
- Xanadu
-QuiX

-PsiQ
-Orca Computing

Qubit technologies

https://quantumcomputingreport.com/



Neutral Atoms

Coherence Time (seconds) 3.20E-01

Gate Fidelity (%)
Expected to be around

98%

Gate Delay (seconds)
1.00E-06

Environment Vacuum

Largest Device 200Q

Notable Players

-ColdQuanta
-QuEra
-Pasqal
-Atom Computing

Qubit technologies

https://quantumcomputingreport.com/



Qubit technologies

https://arxiv.org/ftp/arxiv/papers/2305/2305.09518.pdf



Qubit technologies

https://arxiv.org/ftp/arxiv/papers/2305/2305.09518.pdf



Quantum AnnealersGeneral Purpose QC

NISQ = Noisy Intermediate-Scale Quantum

Intermediate-Scale Quantum computers with no error correction

Quantum Simulator 

The NISQ Era



Can only run Quantum 

annealing algorithm

Intermediate-Scale:

Up to several thousands of 

qubits

D-Wave Advantage:  

5000 qubits

The NISQ Era

Quantum Annealers

Noise:

• No need for Quantum Error

Correction

• Still unclear: noise due to qubit quality 

could affect scalability (i.e. performance 

related to large problems)



• Can be used to solve problems

expressed as QUBO or Ising

• Use Quantum Tunnelling and 

Superposition to explore the 

configuartion space

Catherine C. McGeoch, Adiabatic Quantum Computation and Quantum Annealing: 

Theory and Practice , Morgan & Claypool, 2014.

The NISQ Era

Quantum Annealers



Several real-world hard problems can

be formulated as QUBO problems

Ising formulation of NP problems:

https://arxiv.org/abs/1302.5843

Machine Learning Molecular Dynamics Scheduling

https://arxiv.org/abs/2006.14162https://arxiv.org/abs/2107.13607

The NISQ Era

Quantum Annealers

https://arxiv.org/abs/1906.06283



Catherine C. McGeoch, Adiabatic Quantum Computation and Quantum Annealing: 

Theory and Practice , Morgan & Claypool, 2014.

• Could have advantage over classical

techniques like Simulated Annealing

The transition probability in SA is proportional to 

In QA, the strength of transverse field determines 

the probability of quantum tunneling. The 

transition probability is proportional to 

with

The NISQ Era

Quantum Annealers



The NISQ Era

Quantum Simulator

Quantum computing is carried out by 

directly manipulating the mathematical 

operator (Hamiltonian) that describes the 

evolution of the quantum system

Possible by varying:

• Intensity and frequency of lasers used to manipulate 

quantum state

• Qubit register topology

Analog processor

https://arxiv.org/abs/2006.12326



The NISQ Era

Can implement a limited

set of algorithms

Intermediate-Scale : 

Up to hundreds of qubits

Pasqal: 100 Qubits

QuEra: 200 Qubits

Quantum Simulator

Noise:

• No Quantum Error Correction: 

overhead in number of qubit

• Interaction with environment 

generates errors, this limits the 

duration of quantum computation



The NISQ Era

Use gates, in theory can run

any quantum algorithm

Intermediate-Scale : 

Up to hundreds of qubits

IBM: 127 Qubits

Google: 72 Qubits

General Purpose QC

Noise:

• No Quantum Error Correction: 

overhead in number of qubit

• Error rate per single gate affects 

the depth of the circuit: error rate of 

0.1% means that we can run circuits 

with at most 100 elementary gates 

(shallow circuits)



Quantum algorithms for NISQ Devices



Quantum algorithms for NISQ Devices

NISQ-ready algorithms

The scientific community believes that NISQ technology could outperform 

traditional classical computers for specific applications

• Quantum Chemistry

• Quantum Optimization

• Quantum AI/Machine Learning

• Speed up

• Better quality solutions

• Lower energy consumption

Beyond quantum supremacy:

https://www.nature.com/articles/d41586-019-02936-3



Quantum algorithms for NISQ Devices

Quantum Supremacy: demonstrating that a programmable quantum device can 

solve a problem that no classical computer can solve in any feasible amount of time.

In 2019, researchers at the Google Quantum AI Lab compared the performance of 

quantum computers to classical supercomputers, using their Sycamore quantum 

computer with  53 qubits.

https://www.nature.com/articles/s41586-019-1666-5



Quantum algorithms for NISQ Devices

Quantum Supremacy: with just 53 qubits, their Sycamore quantum 

computer was able to run a specific algorithm, called the Random Quantum 

Circuit (RQC), in 200 seconds.  Much less than the 2.5 days estimated to 

perform the same calculation with most powerful supercomputer.

VS

https://www.nature.com/articles/s41586-019-1666-5



Quantum algorithms for NISQ Devices

NASA and Google researchers, used a program called qFlex, believed to be 

the most efficient classic emulator quantum system to implement the RQC 

algorithm on one of the most powerful supercomputers in the world, Summit.

The qFlex implementation required 21 MWh on Summit, while the problem 

solved by Sycamore device used only 0.42 kWh. 

VS

Lamp for few hours = 0.42KWh 21MWh = 5 families for 1 year

Sycamore Summit

https://arxiv.org/abs/1811.09599



Quantum algorithms for NISQ Devices

The scientific community believes that NISQ technology could outperform 

traditional classical computers for specific applications

• Speed up

• Better quality solutions

• Lower energy consumption

• Quantum Chemistry

• Quantum Optimization

• Quantum AI/Machine Learning

NISQ-ready algorithms



Quantum algorithms for NISQ Devices

Random Quantum Circuit (RQC) does not solve any useful (real-world) problem.

Its purpose is exactly to prove Quantum supremacy

RQC

Real World Problems?



LOOP

CPU
QPU

Hybrid Quantum-Classical algorithms

Quantum algorithms for NISQ Devices

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



Parametric Quantum Circuits

- Circuits that use gates, or in 

general, that apply parameter-

dependent operations to qubits 

(e.g. Arbitrary rotations of angle γ)

- Shallow circuits, i.e. of limited 

depth (1000 gates maximum, due 

to limited coherence times)

- Circuits in which the 

error is not corrected

But errors can be mitigated 

https://arxiv.org/abs/2009.04417

Quantum algorithms for NISQ Devices



Working principle

Quantum algorithms for NISQ Devices

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



1. Choose the parametric circuit you want to use 

(Variational Ansatz)

2. Implement Variational Ansatz on the QPU

Working principle

Quantum algorithms for NISQ Devices

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



1. Choose the parametric circuit you want to use 

(Variational Ansatz)

2. Implement Variational Ansatz on the QPU

3. Measure the qubits and calculate the cost 

function

Working principle

Quantum algorithms for NISQ Devices

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



CPU

4. Classical optimization of 

parameters gamma

Quantum algorithms for NISQ Devices

Working principle

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



1. Choose the parametric circuit you want to use 

(Variational Ansatz)

2. Implement Variational Ansatz on the QPU

3. Measure the qubits and calculate the cost 

function

4. Use a classic computer to optimize the circuit 

parameters

Working principle

The optimization of the set 

of parameters could be 

gradient-based or gradient-

free (BFGS, COBYLA, L-B, 

SPSA, Bayesian Opt.) 

Depending on the type of 

cost function being evaluated

Quantum algorithms for NISQ Devices

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



1. Choose the parametric circuit you want to use 

(Variational Ansatz)

2. Implement Variational Ansatz on the QPU

3. Measure the qubits and calculate the cost 

function

4. Use a classic computer to optimize the circuit 

parameters

Working principle

This cycle is repeated until 

convergence. The final 

state gives us an 

approximation of the 

solution

Heuristic

Algorithm

Quantum algorithms for NISQ Devices

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



CPU

4. Classical optimization of 

parameters gamma

Quantum algorithms for NISQ Devices

Working principle

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



Quantum algorithms for NISQ Devices

Working principle

Variational Quantum Algorithms:

https://arxiv.org/abs/2012.09265



VQE QAOA QSVM & QNN

Quantum Chemistry Quantum

Optimization

Quantum Machine 

Learning

Quantum algorithms for NISQ Devices



VQE QAOA QSVM & QNN

Quantum Chemistry Quantum

Optimization

Quantum Machine 

Learning

CPU

The main difference 

between VQE, QAOA and 

QML concerns the choice 

of the parametric 

quantum circuit 

(Variational Ansatz)

Quantum algorithms for NISQ Devices: General Purpose QC



Quantum algorithms for NISQ Devices

Variational Quantum Eigensolver

(VQE)

https://arxiv.org/abs/2011.01125



Quantum algorithms for NISQ Devices

Variational Quantum Eigensolver (VQE) – QUANTUM CHEMISTRY

Objective: finding the ground state energy of molecules

https://arxiv.org/abs/2011.01125



Quantum algorithms for NISQ Devices

Variational Quantum Eigensolver (VQE) – QUANTUM CHEMISTRY

https://arxiv.org/abs/1704.05018

Objective: 

to calculate the ground state of molecules

Method:

Ansatz is a provisional molecular ground state

Possible Advantage:

Simulate complex quantum molecular wavefunctions in 

polynomial time



Quantum algorithms for NISQ Devices

Variational Quantum Eigensolver (VQE) – Ansatz

Chemical-inspired Ansatz, such as the 

Unitary Coupled Cluster (UCC) method 

(Challenge : may be harder to implement 

on real hardware)

or a Hardware-efficient Ansatz

(Challenge : easy to implement on 

hardware but lack of any physical 

meaning)

VQE uses:

https://arxiv.org/abs/1704.05018



Quantum algorithms for NISQ Devices

Quantum Approximate Optimization Algorithm

(QAOA)



Quantum algorithms for NISQ Devices

Quantum Approximate Optimization Algorithm (QAOA) – QUANTUM OPTIMIZATION

Optimization Problems

Routing Scheduling Portfolio Optimization



Quantum algorithms for NISQ Devices

Quantum Approximate Optimization Algorithm (QAOA) – QUANTUM OPTIMIZATION

Objective: to solve a combinatorial 

optimization problem

Method: Ansatz encodes two alternating 

circuits, U(C) and U(B), each 

parameterized by a number, γ and β.

Ideally, the circuit provides the solution

|γ,β> to a combinatorial problem implicit

in the definition of U(C).

A Quantum Approximate Optimization Algorithm:

https://arxiv.org/abs/1411.4028



Quantum algorithms for NISQ Devices

Quantum Approximate Optimization Algorithm (QAOA) – QUANTUM OPTIMIZATION

Encodes the optimization problem to solve 

(e.g. C could be some Qubo problem)

Possible Advantage:

Allow the quantum exploration of the solution space 



Quantum algorithms for NISQ Devices

Challenge: find a class of 

problems for which QAOA is 

strictly better than the best 

classical algorithms.

Quantum Approximate Optimization Algorithm (QAOA) – QUANTUM OPTIMIZATION

A Quantum Approximate Optimization Algorithm:

https://arxiv.org/abs/1411.4028



Quantum algorithms for NISQ Devices

Quantum Machine Learning

(QML)



Quantum algorithms for NISQ Devices

Quantum Machine Learning (QML) – Quantum Feture Map

Quantum Feature map

maps classical vector

into a quantum state

Quantum enhanced feature spaces: 

https://arxiv.org/abs/1804.11326



Quantum algorithms for NISQ Devices

Quantum Kernel

Challenge: More 

complex feature map at 

low computational cost

Quantum Machine Learning (QML) – Quantum SVM

Quantum enhanced feature spaces: 

https://arxiv.org/abs/1804.11326

Goal: Address a classification 

problem (like classical SVMs)



Quantum algorithms for NISQ Devices

Goal: Address a supervised 

machine learning problem

Method: Ansatz consists of a 

feature map that serves to 

represent classical data and a 

variational part for learning

The power of quantum neural networks

https://arxiv.org/abs/2011.00027

Quantum Machine Learning (QML) – Quantum NN

• Feature map: Store the inputs in a quantum state

• Variational circuit: Learnable parameter circuit

• Expectation value: Measurements introduce non-linearity



Quantum algorithms for NISQ Devices

More evenly spread 

eigenvalues of the Fisher 

information for the QNN wrt

classical NN with same 

number of parameters

Better Generalization

(how accurately the algorithm is 

able to predict outcome values 

for previously unseen data.)

Quantum Machine Learning (QML) – Quantum NN

The Power of QNNs

The power of quantum neural networks

https://arxiv.org/abs/2011.00027



Quantum algorithms for NISQ Devices

Barren Plateaus: Vanishing loss function Gradient that make it hard to train the QNN 

Features that may induce 

Barren Plateaus

Quantum Machine Learning (QML) – Quantum NN

Subtleties in the trainability of QML models:

https://arxiv.org/pdf/2110.14753.pdf



Quantum algorithms for NISQ Devices

Re-Uploding

QNN

Convolutional

QNN

Dissipative QNN

Quantum computing models for NN

https://arxiv.org/abs/2102.03879

Quantum Machine Learning (QML) – Quantum NN

Universal function approximator Absence of Barren Plateaus 

https://arxiv.org/abs/2009.00298 https://arxiv.org/abs/2011.02966

Backpropagation-like training

https://arxiv.org/abs/1902.10445

https://arxiv.org/abs/2009.00298
https://arxiv.org/abs/2011.02966
https://arxiv.org/abs/1902.10445


Quantum algorithms for NISQ Devices

QUANTUM ADVANTAGE IN THE NISQ ERA?



Quantum algorithms for NISQ Devices

https://arxiv.org/ftp/arxiv/papers/2305/2305.09518.pdf



Quantum Computing Software



Quantum Compting software



Quantum Compting software

https://quantumcomputingreport.com/



Quantum Compting software

https://quantumcomputingreport.com/



Quantum Compting software

https://quantumcomputingreport.com/



Quantum Compting software

(Platform as a Service)

https://quantumcomputingreport.com/



Projects and Fundings



Projects and Fundings

Startup and Private companies

https://www3.weforum.org/docs/WEF_State_of_Quantum_Computing_2022.pdf



Projects and Fundings

Map of global public 

investments in quantum 

technologies

Global effort: 

30 Billion dollars 

Public investments



Projects and Fundings

Public investments

https://www3.weforum.org/docs/WEF_State_of_Quantum_Computing_2022.pdf



• May 2016: The Manifesto, addressed to the European Commission, 

said in essence: we have the opportunity to compete for a new kind of 

technological independence, let’s take it. 

• October 2018: The European Commission launched the Quantum 

Flagship program: 1.3 billions of Euro to support 10 year of quantum 

technologies research and development. 

• The European High Performance Computing Joint Undertaking 

(EuroHPC JU) is a joint initiative between the EU, European countries 

and private partners to develop a World Class Supercomputing 

Ecosystem in Europe. 

• The European Processor Initiative (EPI) is a project whose aim is to 

design and implement a roadmap for a new family of low-power 

European processors for extreme scale computing, high performance 

Big-Data and a range of emerging applications. 

Projects and Fundings



https://www.hpcqs.eu/

The HPCQS consortium was born with the idea of 

combining HPC and QC hardware and software. 

For the realization of Quantum Computers, the French 

company PASQAL was chosen, which produces quantum 

computers based on Neutral Atoms technology 

During the 4 years of the project, the most efficient way to 

connect Pasqal computers to EuroHPC supercomputers 

will be studied. 

The ultimate goal of the project is the creation of an 

interconnected network of quantum computers throughout 

Europe, able to communicate with each other and through 

the support of EUROHPC supercomputers.

Projects and Fundings

https://www.hpcqs.eu/


Modular Supercomputer Architecture 

• Integrate the QPU as a new module into the 

supercomputer 

• Low-latency connection to other modules via 

federated, high-speed network 

• Integration in the scheduling and resource 

management on the system level

Projects and Fundings



Projects and Fundings



• ISCRA-C: Quantum Computing as a Service

• D-Wave Quantum Annealer
• Since 01/03/2021 possibility to request calculation hours 

to be used on D-Wave quantum machines

• More than 15 projects already approved (almost fully 
allocated monthly calculation hours budget)

• Scientific collaboration with Pasqal
• On 03/15/2021 start of scientific collaboration with 

Pasqal's Neutral Atoms simulation systems

• Preliminary preparation phase for future collaboration 

https://www.hpc.cineca.it/services/iscra

Projects and Fundings: ITALY



Projects and Fundings

https://eurohpc-ju.europa.eu/selection-six-sites-host-first-european-quantum-computers-2022-10-04_en



Thanks

I hope you don’t

feel like this..



CINECA: Italian HPC center

CINECA Quantum Computing Lab:

- Support research Universities, Industries and QC startups

- Internship programs, Courses and Conference (HPCQC)

https://www.quantumcomputinglab.cineca.it

Quantum Computing @ CINECA

r.mengoni@cineca.it

Linkedin

https://www.quantumcomputinglab.cineca.it/it/
mailto:r.mengoni@cineca.it
https://it.linkedin.com/in/riccardo-mengoni

