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What is Quantum 
Computing?
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First 
Proposed 

~1981
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Early 
Pioneers -

1994
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Classical vs Quantum – What’s the Difference?
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Quantum States
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Quantum Weirdness
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Types of Hardware
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Topological

Quantum Dot



Hardware Companies
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IBM Q System One
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Cyrogenic 
System
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Qubit Timeline
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Coherence 
Time
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Quantum 
Computer 

Architecture
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Quantum Gates & Circuits
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Quantum Algorithms
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Frameworks
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Forest

Microsoft QDK



Applications
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Startups
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Simulating 
Chemistry

“Nature isn't classical, 
dammit, and if you want to 
make a simulation of nature, 
you'd better make it 
quantum mechanical...”  
Richard Feynman -
Simulating Physics with 
Computers, 1981.
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http://people.eecs.berkeley.edu/~christos/classics/Feynman.pdf


Applications

Enabling the design of 
• New materials
• Medicines
• Industrial catalysts  
• High temperature 

superconductors

©Peter Morgan  QCon London March 2019 25



Periodic Table
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Molecular 
Energy Levels 

(Static)
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Molecular 
Dynamics 

(e.g, protein 
folding)
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Molecular 
Dynamics 
Simulation 
Procedure
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Classical 
Frameworks
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PySFC

Gaussian 16

Psi4

NWChem

PyQuante

OpenMM



Quantum 
Frameworks
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IBM Qiskit Aqua  

Google OpenFermion

Microsoft QDK Chem library

Project Q FermLib

https://qiskit.org/aqua
https://github.com/quantumlib/OpenFermion
https://github.com/Microsoft/Quantum/tree/master/Chemistry
https://github.com/ProjectQ-Framework/FermiLib


Qiskit
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Qiskit Aqua
• Contains a library of quantum algorithms on 

which applications for near-term quantum 
computing are built
• Designed to be extensible - employs a 

pluggable framework where quantum 
algorithms can easily be added
• It currently allows the user to experiment on 

the following domains:
• Chemistry
• Optimization
• Finance
• AI

• pip install qiskit-aqua
• https://github.com/Qiskit/qiskit-aqua
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https://github.com/Qiskit/qiskit-aqua


Qiskit Chemistry
• End-to-end stack that enables experimenting 

with chemistry problems on near-term (NISQ) 
quantum computers

• Translates chemistry-specific problems defined 
via classical drivers into inputs for Aqua 
algorithms

• Modular and extensible
• Allows users with different levels of experience 

to execute chemistry experiments and 
contribute to the quantum computing 
chemistry software stack

• pip install qiskit-chemistry
• https://github.com/Qiskit/qiskit-chemistry

https://github.com/Qiskit/qiskit-chemistry


Energy Calculations
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Code Demos

• Hello Quantum World   
https://github.com/Qiskit/qiskit-
tutorials/blob/master/community/
hello_world/quantum_world.ipynb

• Quantum Chemistry with VQE 
https://nbviewer.jupyter.org/github
/Qiskit/qiskit-
tutorials/blob/master/qiskit/aqua/c
hemistry/dissociation_profile_of_m
olecule.ipynb
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https://github.com/Qiskit/qiskit-tutorials/blob/master/community/hello_world/quantum_world.ipynb
https://nbviewer.jupyter.org/github/Qiskit/qiskit-tutorials/blob/master/qiskit/aqua/chemistry/dissociation_profile_of_molecule.ipynb


Conclusions

• We are waiting on quantum hardware 

development

• Meanwhile working on software stack 

plus quantum algorithms

• NISQ – noisy without error correction 

(next 5-10 years?)

• After this error corrected, and maybe 

topological (error free) qubits?

• Quantum computers will revolutionize 

everything – including chemistry

• Nature is quantum mechanical (dammit)!
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Qiskit Tutorials

• Qiskit Tutorials 
https://github.com/Qiskit/qiskit-tutorials
• Qiskit Aqua Chemistry 

https://nbviewer.jupyter.org/github/Qiskit/qiskit-
tutorials/blob/master/qiskit/aqua/chemistry/inde
x.ipynb

https://github.com/Qiskit/qiskit-tutorials
https://nbviewer.jupyter.org/github/Qiskit/qiskit-tutorials/blob/master/qiskit/aqua/chemistry/index.ipynb


Any 
Questions?
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