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Artificial Intelligence

https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-machine-learning-deep-learning-ai 3



Machine (Statistical) Learning
algorithm is based on finding
suitable statistical models
(functions) which map input
data into output (predictions)

*Silver, D., Schrittwieser, J., Simonyan, K. et al. 
Mastering the game of Go without human 

knowledge. Nature 550, 354–359 (2017)

Artificial Intelligence: Machine Learning
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https://towardsdatascience.com/enjoy-
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In Principle:
The algorithm learns how f maps
xi into y, on varying parameters
θj, such that when given x, it can
correctly predict y after trained
with previously known (xi, y).

Artificial Intelligence: An Example of ML
Supervised Learning:

Simple Image Classification using Convolutional Neural Network[1]

1. https://becominghuman.ai/building-an-image-classifier-using-deep-learning-in-python-totally-from-a-beginners-perspective-be8dbaf22dd8
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Artificial Intelligence
Artificial Neural Networks (ANN):

- Basis for some AI algorithms

- Applications in classification, speech 

recognition, pattern recognition, …

- Every “neuron” is designed to work as

functionality of biological neuron.
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Perceptron: A model of artificial neuron[1, 2]

1. Rosenblatt, F. The perceptron: A probabilistic model for information storage and organization in the brain. Psychological Review, 65(6), 386–408 (1958) 

2. Tacchino, F., Macchiavello, C., Gerace, D. et al. An artificial neuron implemented on an actual quantum processor. npj Quantum Inf 5, 26 (2019)

Artificial Intelligence
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Weights  wj and activation 
function can be adjusted 
during learning phase

weights

activation 
function

Classical perceptron is
the simplest linear classifier
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Quantum Computing

9



Quantum Mechanics

History of the word “quantum”:

Niels Bohr's 1913 quantum model of the atom,
which incorporated an explanation of Johannes
Rydberg's 1888 formula, Max Planck's 1900
quantum hypothesis, i.e. that atomic energy
radiators have discrete energy values (ε = hν), J. J.
Thomson's 1904 plum pudding model, Albert
Einstein's 1905 light quanta postulate, and Ernest
Rutherford's 1907 discovery of the atomic nucleus.
Note that the electron does not travel along the
black line when emitting a photon. It jumps,
disappearing from the outer orbit and appearing in
the inner one and cannot exist in the space between
orbits 2 and 3.
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Quantum Mechanics: 

The Heisenberg's uncertainty principle:

∆𝑥∆𝑝 ≥
ℎ

4𝜋

Image credit: https://physicscatalyst.com/graduation/heisenberg-uncertainty-principle
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Quantum Mechanics: The Double Slit Experiment

Image Credit: ScienceMe.com 
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Quantum Mechanics: Schrödinger’s Cat

Image Credit: ScienceMe.com 
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Wave Function collapses when it is observed.

(Copenhagen Interpretation of Quantum Mechanics)

Image credit: https://www.quantamagazine.org

Quantum Mechanics
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Quantum Computer: Technologies

Image credit:

https://science.sciencemag.org/
content/354/6316/1090/tab-

figures-data
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Quantum Computing

Quantum Complexity Classes

Computer scientists showed strong evidence
that quantum computers possess a computing
capacity beyond anything classical computers
could ever achieve[1, 2].

BQP = “bounded-error quantum polynomial 
time.” 

1. Ran Raz, Avishay Tal, Oracle Separation of BQP and PH, Electronic 
Colloquium on Computational Complexity, Report No. 107 (2018)

2. https://www.quantamagazine.org/finally-a-problem-that-only-
quantum-computers-will-ever-be-able-to-solve-20180621
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Quantum Computing
Revisit:

Complex Numbers

𝑖2 = −1
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Quantum Computing: One Qubit System

Qubit (Quantum Bit) is a vector in Hilbert vector space with standard 
basis: 

| ۧ0 =
1
0

and   | ۧ1 =
0
1

A generic qubit is in a superposition quantum state:
| ۧ𝜓 = 𝛼| ۧ0 + 𝛽| ۧ1

where 𝛼 and 𝛽 are complex numbers, such that
𝛼 2 + 𝛽 2 = 1

where  𝛼, 𝛽 ∈ ℂ are known as amplitudes.
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Quantum Computing: One Qubit System
Qubit State:

Bloch Sphere
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Quantum Computing: One Qubit System
Phase:
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Quantum Computing: One Qubit System

Measurement:

• The result of the measurement is random, with some probabilities

• When we measure, we only obtain one (classical) bit of information

If we measure a qubit with quantum state  | ۧ𝜓 = 𝛼| ۧ0 + 𝛽| ۧ1 , we get 

• 0 with probability 𝛼 2, and the new state will be | ۧ𝜓 = | ۧ0

• 1 with probability 𝛽 2, and the new state will be | ۧ𝜓 = | ۧ1

It is known as collapse of the wave function.
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Quantum Computing: Two-Qubit System
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Measurement of just one qubit in a two-qubit system:

If we have a state

We can also measure just one qubit.
If we measure the first qubit (the second one is analogous):

Quantum Computing: Two-Qubit System
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Quantum Computing: n-Qubit System

There are 2n terms:

ۧ𝜓 = 𝛼0…00 0 ۧ…00 + 𝛼0…01 0. . 0 ۧ1 + 𝛼0…10 0. . ۧ10 +⋯+ 𝛼1…11|1. . ۧ11

ۧ𝜓 = 𝛼0 0 ۧ…00 + 𝛼1 0. . 0 ۧ1 + 𝛼2 0. . ۧ10 +⋯+ 𝛼2𝑛−1|1. . ۧ11

1-qubit → 2 terms

2-qubit → 4 terms

3-qubit → 8 terms

32-qubit → 4294967296 terms

64-qubit → 18446744073709551616 terms (beyond simulations)

128-qubit → 340282366920938463463374607431768211456 terms (beyond simulations)
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Quantum Computing: Quantum Gates

Quantum mechanics tells us that the evolution of an isolated state is
given by the Schrödinger equation:

𝐻 𝑡 | ۧ𝜓 𝑡 = 𝑖
ℎ

2𝜋

𝜕

𝜕𝑡
| ۧ𝜓 𝑡

For quantum circuits, this implies that the operations that can be
carried out are given by unitary matrices:

𝑈𝑈† = 𝑈†𝑈 = 𝐼

where 𝑈† is the conjugate transpose of 𝑈.

As a consequence, every operation has an inverse: reversible
computing
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Quantum Computing: Quantum Gates
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X, Y, Z gates also known as Pauli matrices: σX , σY, σZ.



Quantum Computing: Quantum Gates
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