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Why quantum computing and open source?
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So what awaits us at FOSDEM?
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Quantum computing workshop

e Overview of 11 open source quantum computing projects

NISQAI, Bayesforge, QCL, Curry, PyZX, RevKit, Q-bug,
SimulaQron, QuantumInformation.jl and more!

e Dedicated hackathon sprint - learn, understand and contribute
e (Coached by authors and developers

Sign up to reserve a spot: https://gosf.org/fosdem19-qc-workshop/



https://qosf.org/fosdem19-qc-workshop/

Why invest in learning QC now?



are here to explore




in QCisrising

e No longer a purely academic domain
e Regional race happening
o China: $3 billion, EU $1.1 billion, USA $1.275 billion
o Alsovery active: Canada, Israel, Australia
e Private VC funding of more than $700 million
o D-Wave, Rigetti, Silicon Quantum Computing, Cambridge
Quantum Computing, 1Qbit, lonQ and others



startup incubator

Quantum
Machir

< CREATIVE >
e DESTRUCTION 5

Applications are open now!

Mission

By 2022 the QML Program will have produced more well- capitalized, revenue
generating quantum machine learning software companies than the rest of the world
combined. The maijority of these will be based in Canada.




What is quantum computing?
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of Quantum Computing

Quantum annealing Discrete gate-based Continuous gate-based



Paradigm: Quantum annealing

Quantum Annealing, D-Wave (2012)
Tunneling helps find optimal solutions




in quantum annealing
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the energy landscape
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Paradigm: Quantum annealing
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Checkerboard

dimod

dwave. . DWaveSampler

‘wa
dwave. : EmbeddingComposite
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Quantum annealing workflow
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Leap

Your QPU Dashboard
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further resources

e |eap portal: https://cloud.dwavesys.com/leap/

e Getting started with Ocean SDK:
https://docs.ocean.dwavesys.com/en/latest/overview
/install.html

e Quantum annealing Youtube series:
https://www.youtube.com/watch?v=zvfkXjzzYOo



https://cloud.dwavesys.com/leap/
https://docs.ocean.dwavesys.com/en/latest/overview/install.html
https://docs.ocean.dwavesys.com/en/latest/overview/install.html
https://www.youtube.com/watch?v=zvfkXjzzYOo

Paradigm: Universal gate-based QC
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Big players inuniversal QC
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Universal gate-based QC
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Universal gate-based QC
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A pair of entangled qubits
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Universal gate-based QC

Hadamard gate (H)

= H — 0) to 0+ 1) and |1) to 0~ 1)
V2 V2

from pyquil.gates import H



Universal gate-based QC

Controlled-NOT (CNOT) gate

Target qubit | Control qubit Output
Control qubit ——
0 0 00
0 1 n
4 Y
Target qubit U/ 1 0 10
: . 1 1 01
=== from pyquil.gates import CNOT

Essential for entangling two qubits!



Universal gate-based QC
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CNOT(0,1)(I ® H) |00) = CNOT(0,1) [%|00> + %;01”

_ L 1
= ﬂ|oo>+ ﬂ|11>

Applying the CNOT and H results in a maximally entangled state.
t's often called the first Bell state.



Universal gate-based QC
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pyquil Program
pyquil. H, CNOT, MEASURE
pyquil get qc

program = Program(H(0), CNOT(0, 1)) H

classical register = program. {"ra", 'BLI ) CNOT

program MEASURE (0, classical register[0])

program MEASURE (1, classical register[1]) DECLARE ro BIT[Z]
(program) MEASURE ro[0]

| MEASURE ro[1]

qc = get gc('2g-qvm"')

executable = qc. ile(program)

result = qc. (executable)
(result)




Gate model workflow

Do While(StopCriteria not Satisfied):
e Initialize X
e Do until(Y)
e Update Z

e End Do

End Do
Quantum
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Further resources

e Forest: https://www.rigetti.com/forest
Getting started:
http://docs.rigetti.com/en/stable/start.html

e Cirg: https://github.com/quantumlib/Cirg

e Qiskit: https://qiskit.org/



https://www.rigetti.com/forest
http://docs.rigetti.com/en/stable/start.html
https://github.com/quantumlib/Cirq
https://qiskit.org/

Continuous-variable QC

Qubit @) = ¢0|0) + ¢1|1)
Qumode Yy = /d:l: Y(x) |x)




continuous-variable QC




Further resources

e Xanadu: https://www.xanadu.ai/

e Strawberry Fields:
https://strawberryfields.readthedocs.io/
en/latest/

Installation instructions:

e https://strawberryfields.readthedocs.io/

en/latest/installing.html



https://www.xanadu.ai/
https://strawberryfields.readthedocs.io/en/latest/
https://strawberryfields.readthedocs.io/en/latest/
https://strawberryfields.readthedocs.io/en/latest/installing.html
https://strawberryfields.readthedocs.io/en/latest/installing.html

Thank you for your attention!
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