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What time are we living in?

● 1960: The first quantum revolution: exploit laws that 
govern physical reality (lasers, MRI, ... ) 

● NOW: the second quantum revolution: actively use the 
rules of QM to develop new technologies



Classical mechanics



Can we simulate physics with (classical) computers?

( We believe not )



Introduction to quantum computation (1)
● Def: A qubit is a unit vector in a 2-dimensional space (over complex number)



How to compose qubits? (2)

Non possiamo simulare più di 50 qubits.



Computations as rotations… (3)



First source of speedups: Grover's algorithm(s).
Problem: find right one among n boxes.

Classically

● 1.000.000 operations -> 1000 operations
● 7 days -> 2.5 days

Quantumly ...



Second source of speedup: Quantum Fourier Transform 

Classically: 

Quantumly: 

QFT is the "origin" of the exponential speedups. 



"Hey Scinawa, math is cool…
 but in practice?"







X a[2]
X b[2]
CNOT a[0], b[0] ….



Hybrid quantum-classical computation

"Quantum" as a GPU

Write code 
(python like)

Compile into 
QASM

Translate into 
HW-QASM

Execute!
Apply 
ECC





Classical Crypto?

By: JP Aumasson, @veorq

Computer security
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Some work in progress 
● Malware detection
● Formal software verification (model checking) 
● Quantum Firewalls



Quantum chemistry!

● Addressable market $20+ billion.
● Rate of drug discovery + 5% to 10%.
● Development times + 15% to 20%. 
● Better molecule design increase approval rates 1.5x or 2x.

Forecast by 2030. Source: BCG Coming quantum computing leap 
https://www.bcg.com/publications/2018/coming-quantum-leap-computing.aspx

What about new materials?

● Addressable market up to $7 billion by 2030.



Source: BCG Coming quantum computing leap https://www.bcg.com/publications/2018/coming-quantum-leap-computing.aspx



Ammonia Based Fertilizer: The 
$11 Billion Problem Seeking a 

Solution

 https://quantumcomputingreport.com/our-take/ammonia-based-fertilizer-the-11-billion-problem-seeking-a-solution/
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Quantum Machine Learning

Our dataset is a matrix

Classical algorithms to perform linear-algebraic operations on matrices take 

Remember: Machine Learning is just Linear Algebra.

Problem: what if data we produce double every 2 years?



We need quantum!
Note...quantum mechanics is all about matrices and vectors!

● Breakthrough paper in 2009 for matrix inversion
● Successively improvements till 2018
● Assume existence of QRAM

Theorem (informal) - Quantum Linear Algebra
There are efficient quantum algorithms that, given a matrix M and a vector x stored in QRAM

● Multiply a vector by the inverse of M
● Multiply a vector by M
● Project x onto a subspace of eigenvectors of M.



Slow Feature Analysis

With constraints:
● Average of the components of output signal is 0
● Variance of the components of output is 1
● Signals are decorrelated





Quantum Slow Feature Analysis



Kerenidis Iordanis, and A. L. "Quantum classification of the MNIST dataset via Slow Feature Analysis." arXiv preprint arXiv:1805.08837 (2018).



Clustering

Classical algorithm

Quantum algorithm



How big is the market?
High end computing is $5-6bn a year, (IBM) could increase to $10bn.

The size of the market will also depend on the business model used (hardware 
sales vs. cloud-based) (JP Morgan)



https://luongo.pro/



Quantum Finance
● Optimal feature selection for credit scoring 
● Optimal trading strategy optimal arbitrage opportunities
● Pricing derivatives
● Risk analysis (VaR, CVar)

● Quantum computing for finance: overview and prospects. R. Orus, S. Mugel, E. Lizaso https://arxiv.org/abs/1807.03890
● Quantum speedup of Monte Carlo methods. Proc. R. Soc. A 471.2181 (2015): 20150301. Montanaro, Ashley. 
● Quantum Risk Analysis. - Stefan Woerner, Daniel J. Egger https://arxiv.org/abs/1806.06893



Quantum Communications?
1. BB84 offers information-theoretical security
2. Position based quantum cryptography
3. Delegation of quantum computation
4. Classical homomorphic encryption for quantum circuit 
5. Quantum links:

a. LAN: ok
b. Satellite: medium
c. Long distance: research needed on repeaters!

Quantum Crypto will not substitute classical cryptography!
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Who's playing?



Source: BCG Coming quantum computing leap https://www.bcg.com/publications/2018/coming-quantum-leap-computing.aspx



So what?
● Gap between theory and technology to fill.

○ New kind of information to process!
○ We should program and test q-algorithms and fine-tune them
○ Find new domains  where quantum can be applied (nuclear 

reactors, but also 5G technology, medicine, ) 
○ Still waiting for quantum advantage…
○ > 2.5 billions of public funding in next years



So what?
● Find business models: 

○ Train and give the model to customers?
○ Consulting?
○ Will be a platform as a service? 

● Write and test code
○ The software stack! ( we are still doing arithmetics! ) 
○ The glue to use the software
○ Learn how to do data analytics on quantum computer!

Get in touch if your company wants to know more about quantum algorithms or you have a problem to solve.



Thanks for your time, 
there's never enough.

cit. Dan Geer



Aggarwal, Divesh, et al. "Quantum attacks on Bitcoin, and how to protect against them." arXiv preprint arXiv:1710.10377 (2017).



From: Quantum Computing Report: 
https://quantumcomputingreport.com/


