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https://en.wikipedia.org/wiki/List_of quantum_processors

Modern QPU

Company Technology of qubits Architecture
IBM Superconducting

Google Superconducting

Intel Superconducting & semiconductor spin

lonQ Trapped ion Gate-based

Quantinuum | Trapped ion

Rigetti Superconducting transmon

SpinQ Nuclear magnetic resonance (NMR)

DWAVE Superconducting Quantum annealing
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rigetti

$9K - $58K

My personal
stand-alone room
temperature 2-qubit
quantum computer
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How to access
QPUs ?
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Pennylane supports IBM Quantum, Amazon
Braket, lonQ, AQT, Rigetti, QuTech, Honeywell.
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How to program QPUs ?

import pennylane as gml :
quantum device

10) 1R (v) [ A

doml .gncde (dev)

def circuit (var):
gml.RX (var, wires=0)
returngml.expval .PauliZ (0)

def cost (var): classical node
return var|0] » circuit (var|[l])

A ENEN G

optimizer
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Hybrid loop

Updated parameters

nput
Training set

Cost function
Ansatz

Quantum computer

Optimizer
arg min C(0)
0

Variational
Quantum
Algorithms
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SDK

Qiskit by IBM

Ocean by D-Wave

Strawberry Fields & Pennylane

Forest by Rigetti

Circ by Google

QDK by Microsoft

CUDA-Quantum by NVIDIA

Quantum development ecosystem

Many programming languages.

Lot of libraries.
Active community.

Several tutorial, blogs, open Github projects,

THE EUROPEAN QUANTUM COMPUTING STARTUP LANDSCAPE
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Quantum Algorithms for ... 0- 003
K- 9 (ol + Yot
Traditional CS problems (o) - (ol : %0t
Quantum Algorithm Zoo sl
Number theoretic algorithms g

\ woxj

Linear algebraic algorithms
Algebraic algorithms
Sorting, searching, ...

Graph algorithms

String algorithms
Group-theoretic algorithms
Linear programs
Semi-definite programs

https://quantumalgorithmzoo.org/
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Quantum algorithms for ...

Data analysis

Singular-value estimation based algorithms
Monte-carlo techniques

PCA and other dimensionality reduction methods
Clustering algorithms like k-means, k-median, ...

Matrix operations like inversion, solving linear system, ...
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Quantum algorithms for ...

Machine learning & optimization

Type of Algorithm

classical quantum

CC CQ
QC

https://en.wikipedia.org/wiki/Quantum_machine_learning

classical

Quantum-enhanced reinforcement learning
Quantum annealing

Training Boltzmann machines

Quantum convolutional neural networks (QCNN)
Dissipative QNN

Quantum generative adversarial networks (QGAN)
Hidden quantum markov models

Quantum graph neural networks

Quantum physics-inspired neural networks (QPINN)
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Why quantum ?

Fundamentally different point of view! Backed by quantum mechanics.

10 qubits represent a distribution over 1024 elements = 1024-sized “stochastic” vector
+

Distribution allows “negative” probabilities = Cancellation of probabilistic scenarios
+

Certain impossibility results advocated by quantum mechanics
Classically impossible tasks are now possible.
Better speedup compared to classical techniques.

Better quality of optimization solutions.
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Why not (yet) guantum ?

No Quantum RAM (yet)! w0/ s

Lots of errors - T1, T2, Gate, Readout, ... g REAL WOR () = S -
Barren plateau observed in variational QA IM pA CT Y ‘r‘ ".\1':"; ,.

PHASE | Launch

XPRIZE
) @ QUANTUM
APPLICATIONS

Perceived learning curve. Simeantel bR

No clear case of quantum supremacy!

Google
Quantum Al
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First generation CPU

Specification

+ :0.3sec

X :6secs

+ :15secs

sin, cos, etc. : 1 min +

Harvard Mark 1

e Operated on 72 73-bit
registers

e 51'x8'x2°
e 43ton
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https://bragiiiit.github.io/ HHW“
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