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Primera revolución cuántica

• Mecánica Cuántica 

aplicada

Segunda revolución cuántica

• Teoría de la Información 

Cuántica

• Teoría de la información
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Paradigma cuántico

● proporciona recursos nuevos para una teoría de la información cuántica y

● hace posible técnicas y tecnologías de la información y comunicación más 

ventajosas.
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C Bennett, “Experimental Quantum Cryptography”, Journal of Cryptology, 1992. https://commons.wikimedia.org/wiki/File:Nokia_101_THN-6B.jpg
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La red cuántica de Madrid

Red experimental de comunicaciones cuánticas como QKD.



Sistema QKD

LKMS Agente

QUAM/QUAI

1 2 3

1 Open connect

2 Key extraction

3 Close connect

Sistema QKD

QUAM/QUAI

1 2 3

Controlador

Infraestructura cuántica

Gestión y 

operación 

SDN

Aplicación

Red óptica

Red de gestión

Red de usuario

App 1

004

App 2

015 004015

La red cuántica de Madrid

021018

La red SDN de Madrid usa interfaces normalizadas del ETSI IGS QKD.

Agente LKMS
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Cuántica e información

Quantum mechanics is an abstract model that describes possible states of reality 

with vectors of a Hilbert space

Some examples of Hilbert spaces… 

Euclidean ℝ3

- Kinematics

Lebesgue L2

- Wavefunctions

● Vectors

● Distance

● Basis

● Projection

● Completeness

● Linearity
Phasors ℂ2

- Linear systems

and some key topics
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In the early years of the 20th century some observed microscopic phenomena included:

● That physical restraints discretized the set of possible quantities;

○ e. g. boundary conditions fix certain energy levels.

● That state’s time evolution could be described as deterministic but

○ information acquisition results in uncertain experiments.

● That exist some quantity conservation laws such as energy:

○ i. e. no-cloning theorem or no-deleting theorem.

These observations resulted in an abstract model called quantum mechanics.

|0〉 |1〉

IBM’s Making of a Circular Quantum Corral
Image originally created by IBM Corporation. Reproduced in accordance with IBM Copyright
Permission number 30872, source: https://www.flickr.com/photos/21746695@N03/2104347312/
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Cuántica e información

Phenomena Classical paradigm Quantum paradigm Possible advantage / disadvantage

Nature General: ℕ, ℝ
Specific: ℂ ℂ, QM

Extra features e. g. entanglement

Not known easy programming

Representation Bits / trits / …

Bauds 

Qubits / … / qudits

Bauds

Reading Deterministic Stochastic / noisy Difficult error correction

Evolution Verificable Unverifiable Difficult error correction

Copying (cloning) Possible Impossible Difficult error correction

Secure key distribution

Deleting Possible Impossible Theoretical energy saving

Hiding Possible Impossible Difficult error correction

Secure blind computing



Recursos cuánticos

Landauer image: https://physicstoday.scitation.org/do/10.1063/PT.6.6.20190204a/full/

In quantum information theory identifies 

resources in quantum mechanics either

● to produce or to consume them.

Information is physical

Rolf Landauer 

|1〉
t

0 1 0
t

Measures

t

|0〉 |0〉

α

β
Possible Measures

Phase!

a
Bit Classical information obtained

when ‘tossing’ a ‘binary’ coin

Qubit Quantum information obtained

when ‘tossing’ a ‘binary complex’ 

coin.
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