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Why quantum?

Problems we can 
address today

Problems we can’t 
address adequately today

Problems we 
can address 

with quantum

Despite how sophisticated digital computing has become, there are many 
scientific and business problems for which we’ve barely scratched the surface.



Artificial Intelligence Optimization / Monte CarloSimulating Quantum Systems

Quantum chemistry
Material science
High energy physics

Portfolio optimization
Risk analysis
Loans & credit scoring
Monte Carlo-like applications

Better model training
Pattern recognition
Fraud detection

Quantum applications span 
three general areas



A quantum bit or qubit is a 
controllable quantum object 
that is the unit of information 

A quantum circuit is a set of 
quantum gate operations on qubits 
and is the unit of computation 

Quantum bits and quantum circuits



Open Source Textbook
community.qiskit.org/textbook

0. Prerequisites
1. Quantum States and Qubits

2. Single Qubits and Multi-Qubit Gates
3. Quantum Algorithms
4. Quantum Algorithms for Applications

5. Investigating Quantum Hardware Using Qiskit

6. Implementations of Recent Quantum Algorithms

Chapters:



Our intuition about 
what we can compute is wrong



Are quantum computers “faster”?

𝒑 ∗ 𝒒 = 𝑵 How long does it take 
to multiply 2048 bit
integers ?

Classical Cost of 
multiplication  [1]:          
~ 0.0025s

Quantum Cost of 
multiplication [2]: 
~ 75.0000s

[1]: A. Emerencia,. "Multiplying huge integers 
using fourier transforms." (2007).

[2]: C. Gidney, Craig, and M. Ekerå. arXiv
preprint arXiv:1905.09749 (2019).



Are quantum computers “faster”?

𝑵 = 𝒑 ∗ 𝒒 How long does it take 
to factor 2048 bit
integers ?

Classical Cost of 
factoring  [1]:  
~ 4.7 billion CPU years

Quantum Cost of 
factoring [2]: 
~ 8 hours

[1]: Kleinjung, Thorsten, et al. "Factorization of 
a 768-bit RSA modulus." Annual Cryptology 
Conference. Springer, Berlin, Heidelberg, 2010.

[2]: C. Gidney, Craig, and M. Ekerå. arXiv
preprint arXiv:1905.09749 (2019).

(largest factored number 
RSA-768 bit for approx. 
1500 CPU years)



MathematicsModeling nature at the quantum level

Quantum chemistry,
Material science and
High energy physics

Algebraic algorithms
with provable speed-ups

- Shor’s Algorithm
- Grover’s Algorithm

Empirical heuristic 
algorithms

- Optimization
- Machine learning

Problems for a quantum computer



4646

Quantum WalksLinear Systems (Ax = b)

2!

2!

Quantum Simulations

Quantum Computing 
Applications

Physics
Chemistry
Materials discovery

Network analysis
Differential equations
Option pricing, heat transfer
Classification (Machine Learning)

Graph properties (network 
flows, electrical resistance)
Search
Collision finding



Applications modules: Optimization,  
Use a quantum computer without ever directly 
referring to qubits or circuit (frictionless 
development).

How we program
Two critical program elements

Program modules
Reusable building blocks to construct programs that 
manage quantum and classical resources at 
runtime.

QAOA is a 
quantum 
program

problem 
instance 

classical 
algorithm

quantum circuits

problem 
solution

+ 
classical calculations on 

different time scales

Raw
data

Classical 
processing

Developer size > 1Million (no quantum)Developer size > 100000 (Model)



https://qiskit.org/textbook/preface.html



1. Total registrations: 4,084

2. Total Lecture attendees: 3,915

3. Total Lab participants: 1,488

Qiskit Summer School 2020



















Python Suggestion:

http://personalpages.to.infn.it/~maina/didattica/TIF_2020/

LEZ:6,7,8,9

https://realpython.com/learning-paths/python3-introduction/
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