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The Goals of Quantum Computing (QC)

The purpose of gate-based quantum computing is simple: 

quantum circuits are used to create quantum states which, 

upon simple measurements, yield interesting quantities.

These quantities typically take two forms:

1. Probability distributions on strings of bits.

2. Average values for certain energy functions.



The Goals of Quantum Computing (QC)

Exactly which probability distributions or energy function 

are interesting, and how to create the necessary quantum 

states, is the core task faced by researchers in quantum 

computing.

For practising quantum computer scientists, the task is 

simpler: implement the quantum circuits, perform the 

measurements and solve real-world problems.
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Quantum Circuits







Quantum circuits are used to create 

complex correlation patterns

Optimise

Strong multi-partite correlations 

increase the probability of good 

(low energy) problem solutions.



Quantum circuits are used to create 

complex correlation patterns

As more entangling gates are applied 

(more cycles), strong correlations 

spread across the qubits. Here, we see 

the 53 qubits of Google Sycamore, in a 

2021 paper.

https://arxiv.org/abs/2101.08870

The 𝑖𝑆𝑊𝐴𝑃 gate (top) is more 

entangling than the 𝑖𝑆𝑊𝐴𝑃
gate (bottom), so it spreads 

correlations faster across the 

53-qubit lattice of Sycamore.

https://arxiv.org/abs/2101.08870


Some Quantum Hardware Manufacturers



Superconducting QC

Credit: Stephen Shankland/CNET



Superconducting QC
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Superconducting QC



Superconducting QC



Ion Trap QC



Ion Trap QC



Neutral Atoms QC

arXiv:1712.02727

arXiv:2006.12326



Photonic QC

arXiv:2101.09310



Photonic QC



Quantum Annealing (QA)
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Some Quantum Computing Providers

(quantum annealing)



Credit: IBM - Quantum Services

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


Credit: IBM - Quantum Lab

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


Credit: IBM - Qiskit

https://qiskit.org/


Credit: IBM – Qiskit documentation

https://qiskit.org/documentation/


Credit: Amazon AWS - Braket

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


Credit: Amazon AWS - Braket

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


Credit: Microsoft Azure Quantum

https://azure.microsoft.com/en-gb/services/quantum/


Credit: Google Quantum AI - Cirq

https://quantumai.google/cirq


Credit: Google – TensorFlow Quantum

https://www.tensorflow.org/quantum


Credit: D-Wave - Leap

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

