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2. ELEMENTOS DE LA IDENTIDAD

2.2. Versiones de la marca Universidad de Málaga

Esta actualización del manual recoge el uso horizontal de la marca UNIVERSIDAD 

DE MÁLAGA tal y como se muestra en la imagen. También se ha corregido el uso  

negativo del escudo. En esta versión se respeta el original diseño de la imagen de 

“La Paloma”.

VERSIÓN HORIZONTAL  EN POSITIVO VERSIÓN VERTICAL EN POSITIVO

VERSIÓN HORIZONTAL  EN NEGATIVO VERSIÓN VERTICAL EN NEGATIVO
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Quantum world
A State in 

Classical mechanics Quantum mechanics
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Quantum parallelism?

Input OutputQuantum circuit
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“Programming”  quantum computers

Quantum circuit

Repeat

Design the quantum circuit 
to maximize the probability 
of the desired states
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The beginnings of AI

Artificial Intelligence, since…when?

1948
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AI taxonomy

Artificial 
Intelligence

Problem solving
Knowledge, 

reasoning, and 
planning

Uncertain 
knowledge and 

reasoning

Machine 
learning

Communicating, 
perceiving, and 

acting

• Search
• Optimization
• Constraint 

Satisfaction
• Adversarial Search 

and Games

• Propositional Logic
• First-order Logic
• Knowledge 

Representation
• Automated 

Planning

• Probabilistic 
Reasoning

• Multiagent Systems
• Probabilistic 

Programming

• Supervised Learning
• Unsupervised 

Learning
• Reinforcement 

Learning
• Deep Learning
• Explainable AI

• Natural Language 
Processing

• Robotics
• Computer Vision
• Speech Recognition
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What is optimization?
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y = f(x)

x
Global minimum

Local minimumLocal minimum

Local minimum

Local maximum
Local maximum

f(x) = 
𝑥6

6
− 4𝑥5 +

155𝑥4

4
−

580𝑥3

3
+ 522𝑥2 − 719.6𝑥 + 396 𝑓 𝑥, 𝑦 = −20 exp −0.2 0.5 𝑥2 + 𝑦2 − exp 0.5 cos 2π𝑥 + cos 2π𝑦 + 𝑒 + 20

Ackley function



8

Combinatorial optimization

Source: Wikimedia Commons

0-1 Knapsack Problem Vehicle Routing Problem

Source: https://neo.lcc.uma.es/vrp
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Optimization in gate-based QCs

Quantum Approximate Optimization Algorithm (QAOA)

Parameterized circuit dependent on f

…

Repeat

Approximate

Classical 
optimization 

algorithm
Propose new values

Farhi, Goldstone and Gutmann (2014)

(average of f for the 
sampled solutions)
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QAOA ansatz

UP

…

UM UP UM UP UM
…

Problem dependent Mixer
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Machine learning

Data

Computation Model

Training phase

Model

Evaluation phase

Datos Prediction

Expected value

Pneumonia? Yes
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Classical neural networks

Input 
layer

Hidden 
layers

Output 
layer
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Quantum neural networks

Parameterized circuit

…

Classical 
optimization 

algorithm
Propose new values

𝜽1 𝜽2 𝜽3 𝜽4 𝜽n-1 𝜽n

Training error
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Thank you for your attention!


	Diapositiva 1
	Diapositiva 2: Quantum world
	Diapositiva 3: Quantum parallelism?
	Diapositiva 4: “Programming”  quantum computers
	Diapositiva 5: The beginnings of AI
	Diapositiva 6: AI taxonomy
	Diapositiva 7: What is optimization?
	Diapositiva 8: Combinatorial optimization
	Diapositiva 9: Optimization in gate-based QCs
	Diapositiva 10: QAOA ansatz
	Diapositiva 11: Machine learning
	Diapositiva 12: Classical neural networks
	Diapositiva 13: Quantum neural networks
	Diapositiva 14: Thank you for your attention!

