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Iaking the "Artiticial” out



Will Quantum Computing take the artificial
out of artificial intelligence?

* Is machine intelligence comparable to human intelligence?
* |sthe brain a machine?
* Are we at our intellectual limit?

* What makes the brain special?

* Does Quantum Computing really make a difference to a Turing Test ?



“Artificial intelligence is the science of making machines do

things that would require intelligence if done by men”
(Minsky)
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William Shakespeare.




Imitation...... the best form of
flattery

“The view that machines cannot give rise to surprises is due, |
believe, to a fallacy to which philosophers and mathematicians are
particularly subject. This is the assumption that as soon as a fact is
presented to a mind all consequences of that fact spring into the
mind simultaneously with it. It is a very useful assumption under
many circumstances, but one too easily forgets that it is false. A
natural consequence of doing so is that one then assumes that
there is no virtue in the mere working out of consequences from

data and general principles”



TICowever complicatad a machine we constru, it will if it
is & machine, correspond to a formal system, which in turn
will be biable to the CGodel procedurs for finding a formula
unprovableinthat systom. ‘Chis formula the mavhine will be =558
unabls s produce as true, although & mind can see that it is - 592
true. And so the machine will not b an adequats model of
the mind

JR Lucas “Minds, machines and Godel”



“Most problems | have
spent my life studying are
uncomputable”

(Joseph Sifakis)




The Waterfall

* A map “t” from some initial state to some final state where f is injective
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What Makes Quantum Computers
Different?
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But How?

Source: Phys.org Source: IBM Q




1. Superposition 2. Entanglement

Qubit A Qubit A Qubit B

3. Interference




Fig 1. Visualization of a typical quantum algorithm workflow on a gate-model quantum computer.
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Fingerhuth M, Babej T, Wittek P (2018) Open source software in quantum computing. PLOS ONE 13(12): e0208561.

https://doi.org/10.1371/journal.pone.0208561
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0208561



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0208561

Applications and Anticipated Timeframes
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Breaching the Extended Church Turing Thesis

“....that every physical process can be simulated by a deterministic or
probabilistic Turing machine with at most polynomial overhead"

Complexity-Theoretic Foundations of Quantum Supremacy

Experiments
Scott Aaronson” Lijie Chen'
Abstract

In the near future, there will likely be special-purpose quantum computers with 40-50 high-quality
qubits. This paper lays general theoretical foundations for how to use such devices to demonstrate
“quantum supremacy”: that is, a clear quantum speedup for some task, motivated by the goal of over-
turning the Extended Church-Turing Thesis as confidently as possible.



NnPJ | Quantum Information www.nature.com/npjai

ARTICLE OPEN
Hierarchical quantum classifiers

Edward Grant'?, Marcello Benedetti'?, Shuxiang Cao™®, Andrew Hallam (:°”, Joshua Lockhart’, Vid Stojevic®, Andrew G. Green® and
Simone Severini'

Quantum circuits with hierarchical structure have been used to perform binary classification of classical data encoded in a quantum
state. We demonstrate that more expressive circuits in the same family achieve better accuracy and can be used to classify highly
entangled quantum states, for which there is no known efficient classical method. We compare performance for several different
parameterizations on two classical machine learning datasets, Iris and MNIST, and on a synthetic dataset of quantum states. Finally,
we demonstrate that performance is robust to noise and deploy an Iris dataset classifier on the ibmqgx4 quantum computer.

npj Quantum Information (2018)4:65 ; https://doi.org/10.1038/541534-018-0116-9

INTRODUCTION perform qubit encoding using single qubit rotations. For quantum
Neural networks offer state-of-the-art performance in a wide data we assume that the data arrives from another quantum
number of machine learning tasks including computer vision, ~ device and is already an entangled amplitude encoded state.

. - - . e . - Mumrmn tha Aaka har hane ancadad tha Alaccifae canncices AF -

Results signal important advances in the commercialization of Quantum Chemistry applications

Cambridge, October 4, 2018 - Cambridge Quantum Computing (“CQC") is pleased to announce that
following extensive experimentation and joint collaboration with JSR Corporation (“JSR"), in a project that
commenced in Q3 2017, they have successfully implemented state-of-the-art quantum algorithms to calculate

the excited states of molecules that take into account multi-reference characteristics.
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What, exactly, are memories ?
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