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• Quantum Computers as black-box devices used 
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What is Quantum Computing?

• Quantum Computers as black-box devices used 
inside classical algorithms
• Breaking your Bitcoin wallet (one day)
• Combinatorial Optimization
• Solutions of Linear/non-linear Systems
• Complex Physics Simulations (e.g. fluid dynamics)
• Machine Learning

• Quantum Computers as a programmable interface 
to the quantum world
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Example: max-cut with QAOA
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What is Quantum Computing?

• Quantum Computers as black-box devices used 
inside classical algorithms

• Quantum Computers as a programmable interface 
to the quantum world
• Quantum Chemistry Simulations
• Quantum Physics Simulations
• Quantum Information/Communication/Cryptography
• Quantum Metrology
• Programmable Quantum Experiments
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Hardware Providers



Google Sycamore (54 qubits)

Credit: Nature/Google
https://doi.org/10.1038/s41586-019-1666-5

Credit: Stephen Shankland/CNET

https://doi.org/10.1038/s41586-019-1666-5
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Quantum Chemistry Simulations

Credit: Science/Google
https://doi.org/10.1126/science.abb9811 

https://doi.org/10.1126/science.abb9811


Randomized Benchmarking (XEB)

Credit: Nature/Google
https://doi.org/10.1038/s41586-019-1666-5

https://doi.org/10.1038/s41586-019-1666-5


IBMQ Melbourne (16 qubits)

Credit: IBM



IBMQ System One (20 qubits)

Credit: IBM



IBMQ System One (20 qubits)

Credit: IBM



IBMQ Rochester (53 qubits)

Credit: IBM



IBMQ Manhattan (65 qubits)



Quantum Natural Language 
Processing

Credit: Cambridge Quantum Computing (on IBMQ)
https://arxiv.org/abs/2102.12846

https://arxiv.org/abs/2102.12846


Rigetti Acorn (19 qubits)

Credit: Rigetti



Rigetti Aspen-9 (31 qubits)

Credit: Rigetti

Credit: Amazon AWS/Rigetti



Generative Financial Modelling

Credit: IOP/various institutions (on Rigetti HW)
https://doi.org/10.1088/2058-9565/abd3db

https://doi.org/10.1088/2058-9565/abd3db


Ion-trap Quantum Computers

Credit: JQI

Credit: NQIT/Stuart Bebb



IonQ 171Yb+ (11 qubits)

Credit: Nature/IonQ
https://doi.org/10.1038/s41467-019-13534-2

https://doi.org/10.1038/s41467-019-13534-2


Quantum Generative 
Adversarial Networks

Credit: Zapata Computing/IonQ
https://arxiv.org/abs/2012.03924

https://arxiv.org/abs/2012.03924


Superconducting vs Ion-trap

Credit: Nature/IonQ
https://doi.org/10.1038/s41467-019-13534-2

Credit: Nature/Google
https://doi.org/10.1038/s41586-019-1666-5

Credit:IBMQ

Credit: Amazon AWS/Rigetti

https://doi.org/10.1038/s41467-019-13534-2
https://doi.org/10.1038/s41586-019-1666-5


Photonic Quantum Computers

Credit: PsiQuantum



Xanadu 8-mode photonic chip

Credit: Nature/Xanadu
https://doi.org/10.1038/s41586-021-03202-1

https://doi.org/10.1038/s41586-021-03202-1


Quantum Chemistry Simulations

Credit: Nature/Xanadu
https://doi.org/10.1038/s41586-021-03202-1

https://doi.org/10.1038/s41586-021-03202-1


Quantum Chemistry Simulations

Credit: Nature/various institutions
https://doi.org/10.1038/ncomms5213

This is a photonic QPU 
running VQE in 2003…
Ancient QC history.

https://doi.org/10.1038/ncomms5213


Quantum Annealers

Credit: D-Wave



D-Wave 2000Q
(2048 qubits, Chimera topology)

Credit: D-Wave

https://doi.org/10.1109/TASC.2014.2318294

https://doi.org/10.1109/TASC.2014.2318294


Quantum Annealers

Credit: D-Wave
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Spin-glass Simulations

Credit: Nature/D-Wave
https://doi.org/10.1038/s41467-021-20901-5

https://doi.org/10.1038/s41467-021-20901-5


Metamaterial Design

Credit: APS/various institutions (on D-Wave HW)
https://doi.org/10.1103/PhysRevResearch.2.013319

https://doi.org/10.1103/PhysRevResearch.2.013319


QKD and QRNG (not QC)

Credit: ID Quantique



Software Providers



IBM Quantum

Credit: IBM - Quantum Services

https://quantum-computing.ibm.com/services?services=systems


IBM Quantum

Credit: IBM - Quantum Composer

https://quantum-computing.ibm.com/composer/


IBM Quantum

Credit: IBM - Quantum Lab

https://lab.quantum-computing.ibm.com/


IBM Quantum

Credit: IBM - Qiskit

https://qiskit.org/


IBM Quantum

Credit: IBM – Qiskit documentation

https://qiskit.org/documentation/


AWS Braket

Credit: Amazon AWS - Braket

https://aws.amazon.com/braket/


AWS Braket

Credit: Amazon AWS - Braket

https://aws.amazon.com/braket/quantum-computers/


PennyLane

Credit: Xanadu - PennyLane

https://pennylane.ai/


Google Cirq

Credit: Google Quantum AI - Cirq

https://quantumai.google/cirq


TensorFlow Quantum

Credit: Google – TensorFlow Quantum

https://www.tensorflow.org/quantum


D-Wave Ocean/Leap

Credit: D-Wave - Leap

https://cloud.dwavesys.com/leap/

