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• Wide range of quantum devices with free access to users (5 
and 16 qubits). IBM Q 20 is available only if you are a partner 
of IBM or a member of the IBM Q Network. 

• Quantum processor with 50 qubits was announced in the 
end of 2017. 

• QISKit (Quantum Information Software Kit) — open source 
SDK for working with OpenQASM and the IBM Q quantum 
processors. 

• Create quantum computing programs, compile, and execute 
them online in a real quantum processors or simulators.

IBM Quantum Experience

https://quantumexperience.ng.bluemix.net
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• Free access up to 26 simulated qubits. 

• Access by request to superconducting quantum 
processor with 19 fully programmable qubits (19Q). 

• Open source Python library pyQuil for constructing, 
analysing, and running quantum programs. 

• Grove — a repository with implemented quantum 
algorithms using Forest API (including quantum 
Fourier transform, QAOA, phase estimations, etc.)

Rigetti

https://github.com/rigetticomputing/grove
https://www.rigetti.com
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Strawberry Fields (by Xanadu)
• They developed a full stack software solution for 

simulating quantum photonics and continuous 
variable quantum computing. 

• Integrated support for TensorFlow — creating a 
framework that combines the latest advances in 
{deep, machine} learning with quantum 
computation. 

• Strawberry Fields includes a suite of quantum 
simulators implemented using NumPy and 
TensorFlow — these convert and optimise Blackbird 
code for classical simulation. 

• Future releases will target experimental backends.

https://www.xanadu.ai


Google Quantum Research
• 72 qubits based on superconducting circuits in 2018.

Bristlecone processor. Source

https://ai.google/research/pubs?area=QuantumAI
https://ai.googleblog.com/2018/03/a-preview-of-bristlecone-googles-new.html


Company Number of 
qubits Access Libraries/API Description

IBM Q 50
Devices with 5 and 16 
qubits, simulators with 

20 and 32 qubits

QISKit 

Manuals are available

Actively trying to 
achieve quantum 

supremacy

Rigetti 19

By request to 19Q 
processor, free access 

up to 26 simulated 
qubits

Forest 

Library with implemented 
quantum algorithms called Grove

Quantum startup. Now 
they have quantum 

chips and all kinds of 
quantum software

D-Wave 
Systems 2000

You have to contact D-
Wave engineers and 
collaborate with them

Few libraries are available here 
but it’s hard to use them without 

help from D-Wave

The only company 
offering a quantum 

computer to 
marketplace

Google 72 - - Leaders by the 
numbers of qubits

Microsoft - - Q# language and compiler -

Xanadu - Strawberry Fields 
interface

Strawberry Fields 

Quantum programming 
language Blackbird

They are developing a 
quantum photonic 

processor

Quantum companies

https://quantumexperience.ng.bluemix.net
https://github.com/QISKit/qiskit-sdk-py
https://www.rigetti.com
https://www.rigetti.com/forest
https://github.com/rigetticomputing/grove
https://www.dwavesys.com
https://github.com/dwavesystems
https://docs.microsoft.com/en-us/quantum/quantum-qr-intro?view=qsharp-preview
https://www.xanadu.ai
https://strawberryfields.ai
https://github.com/XanaduAI/strawberryfields
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Applications of QCs
• Quantum chemistry 

• Simulations of physical systems 

• Optimisation tasks such as MaxCut, k-SAT, etc. 

• Grover’s algorithm, Shor’s algorithm 

• Quantum PCA, SVM, etc.



What about Machine Learning 
algorithms?

• Quantum Neural Network (Hopfield Network) 

• Unsupervised Machine Learning (Clustering) 

• Quantum Classification (MNIST dataset) 

• Quantum Approximate Optimisation Algorithm (QAOA) 

• Restricted Boltzmann Machine: quantum training, 
quantum state tomography

https://medium.com/xanaduai/making-a-neural-network-quantum-34069e284bcf
https://medium.com/rigetti/unsupervised-machine-learning-on-rigetti-19q-with-forest-1-2-39021339699
https://www.ibm.com/blogs/research/2017/03/quantum-algorithm-classifies-9500-handwritten-numbers/
https://arxiv.org/abs/1411.4028
https://arxiv.org/abs/1712.05304
https://www.nature.com/articles/s41567-018-0048-5


Classical ML to 
classical problems

Classical ML to 
quantum problems

Quantum ML to 
classical problems

Quantum ML to 
quantum problems

1. Classical RBM for 
Quantum state 

tomography

1. Quantum RBM for 
MaxCut problem 
(using QAOA for 

RBM training)

🤔🤔🤔

We don’t deal with 
such cases

2. Identifying phases 
of matter using CNNs

2. Training of RBM 
on D-Wave 

processors required 
less iterations to 

achieve high 
accuracy of MNIST 

dataset classification

We have ideas 
concerning such 

cases

Quantum Machine Learning



Programming languages and compiler design for 
realistic quantum hardware, doi:10.1038/nature23459

Design tool flows in Classical and 
Quantum computers
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– Abraham Lincoln

“The best way to predict the future is to create it.” 
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