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What is Quantum
Computing?




First

Proposed
~1981




Early

Pioneers -
1994

W J" l
(top, left) Richard Jozsa, William K. Wootters, Charles H.
Bennett. (bottom, left) Gilles Brassard, Claude Crépeau,

Asher Peres. Photo: André Berthiaume.
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QIP 2019 Following v
@QIPConference

And that's a wrap for #qip2019! Thanks to

everyone involved for a great conference, we
hope you enjoyed it!
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Classical vs Quantum — What’s the Difference?

Classical Quantum
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Quantum Weirdness

Superposition

Entanglement

Quantum Tunneling
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Superconducting Photonic Trapped lons

Topological

Types of Hardware

Quantum Dot
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Hardware Companies
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IBM Q System One
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Cyrogenic

System
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Qubit Timeline

E&: Quantum computers are getting more powerful

128 qubits

7 qubits
Laorstory 72 qubits

_ 50 qubits
: , 28 qubits AM

S qubits 12 qubits Vave Systen

2 qubits versity of uy.'til'Q. 

Berkeley. Stanford




Grover’s algorithm

Quantum Computing (1996)

I
m @ rm

Quantum Shor’s algorithm Quantum Few-qubit
simulator & CSS error annealing processors
proposed correction & adiabatic QC & error

(1981) (1994-95) (1998-2000) detection
(2012-2016)
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~ Classical computer

Quantum ' ~ l I

Interface electronics

Computer "“’

Architecture

Input
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Quantum Gates & Circuits

Experiment Community GitHub  Signin

> Backend: ibmqx4 (5 Qubits)

Backend: ibmqx5 (16 Qubits)

> Backend: ibmqx2 (5 Qubits)
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Quantum Algorithms

AHQC Algorithm

Goal(s)

Optimization Problem

Variational Quantum

Eigensolver (VQE) [20, 23]

Estimate molecular properties

(e.g. energies)

Minimize expected energy

Quantum Approximate

Optimization Algorithm (QAOA) [5]

Estimate maximum cut of

a graph

Maximize expected cut size

Quantum Autoencoder (QAE) [7]

Design a circuit for compressing

a quantum data set

Maximize average fidelity

Quantum Variational Error

Corrector (QVECTOR) [29]

Design device-tailored quantum

error correction scheme

Maximize average fidelity

Variational Quantum

Classification [11, 13, 15]

Find a circuit that classifies

classical data points

Maximize log likelihood

Variational Quantum Factoring (VQF) [30]

For a given biprime find

its prime factors

Minimize quartic boolean

polynomial
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Applications

Quantum simulation Quantum chemistry

Design new materials or drugs?

Find a catalyst to sequester CO,?
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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.

©Peter Morgan QCon London March 2019
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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
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Periodic Table

Group = 1 2 3 -+ 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Period

1 2
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Molecular
Energy Levels

(Static)

Total Energy (Hartree)
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Molecular Dynamics

Define the interaction potential and molecular topology

-

Assign initial position and velocities |

v

Molecu|ar | Compute interatomic forces I <

Dynamics v
Simulation I Move atoms according to the equation of motion
Procedure v

I Restore molecular geometry l

v

I Compute energy, temperature, pressure, etc.

v

Store configurations Q (r, v, 1) \" t = s + Al |_
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PySFC

Gaussian 16
Classical Psid
Frameworks NWChem

PyQuante

OpenMM
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IBM Qiskit Aqua

Google OpenFermion

Quantum

Frameworks Microsoft QDK Chem library

Project Q FermLib

©Peter Morgan QCon London March 2019
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https://qiskit.org/aqua
https://github.com/quantumlib/OpenFermion
https://github.com/Microsoft/Quantum/tree/master/Chemistry
https://github.com/ProjectQ-Framework/FermiLib

Qiskit

® Qiskit

®

Ignis

D

Aqua

S

@ Hardware

Terra
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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:

e Chemistry

* Optimization

* Finance

o Al
pip install giskit-aqua
https://github.com/Qiskit/qgiskit-aqua



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

Qiskit Chemistry

* End-to-end stack that enables experimenting

with chemistry problems on near-term (NISQ) mport numpy as np
quantum computers rom qiskit_chemistry import QiskitChemis:
panlates chemistryspeciic roblams Jeed o cemstry ict -
) "driver": { "name": "PYSCF" },
algorlthms "PYSCF": { "atom": "", "basis": "sto3g"
« Modular and extensible ‘operator”: {
"name" : "hamiltonian",
e Allows users with different levels of experience "qubit_mapping": "parity",
to execute chemistry experiments and "two_qubit_reduction": True,
contribute to the quantum computing "freeze_core": True,
chemistry software stack ‘orbital_reduction”: [-3, -Z]

* pip install giskit-chemistry

©Peter Morgan QCon London March 2019 34


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

Energy Calculations

LiH Ground State Energy LiH Dipole Moment

Energy in Hartree
Moment in debye

L5 2.0 2:3 >0 ‘ - . 15 2.0 2.5 3.0
Interatomic distance in Angstrom

Interatomic distance in Angstrom




* 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

Code Demos

-1.0 -

_12 T T

ExactEigensolver
VQE

05 10
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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 qguantum mechanical (dammit)!

©Peter Morgan QCon London March 2019
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e Qiskit Tutorials

* Qiskit Aqua Chemistry

Qiskit Tutorials

g0 O:

g0 1:
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https://nbviewer.jupyter.org/github/Qiskit/qiskit-tutorials/blob/master/qiskit/aqua/chemistry/index.ipynb

You're thinking

Any too classically.
Questions?

18BMQ




