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“The structure of quantum computation...”

v

Quantum departures from classicality
» Non-locality
» Contextuality
» Computational speed-up

v

What provides the quantum speed-up?

v

Why is there not more of a speed-up?

» How can we design optimal algorithms?
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Why are quantum correlations non-local?
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Why are quantum correlations not more non-local?

v

Information causality and Tsirelson's bound
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Device independent key distribution
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Grover's algorithm
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Important quantum algorithm

v

Provable advantage

v

Provably optimal
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Oracle problem
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The search problem

“Given an N element unstructured list with a unknown marked
item x. Then given an oracle O, how many queries of Oy are
needed to find x with high probability?”



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

Quantum oracles



VERSITY OF QPL 2016 07/06/2016 John Selby Imperial College
London

Quantum oracles

U |i) 1) = 11) 1j @ dix)



VERSITY OF QPL 2016 07/06/2016 John Selby Imperial College
London

Quantum oracles

Ux|’> ’J>:|’> |j@5ix> ] UX L - _{X5ix}_




VERSITY OF QPL 2016 07/06/2016

John Selby

Imperial College
London

Quantum oracles

U |i) 1) = 11) 1j @ dix) Ux

Oxli) = (=1)* i)

{X5ix} -




VERSITY OF QPL 2016 07/06/2016 John Selby Imperial CO“ege
London
Quantum oracles
s —iiesy  lul = 1.C T
] — — {X(SIX} —
Ol = (-1 ) o Pl




UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

General oracles



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

General oracles

Controlled transformation



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

General oracles

Controlled transformation Ox = (77
— - — {7} =




UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

General oracles

Controlled transformation Ox = (77
— - — {7} =

Phase transformation



UNIVERSITY OF QPL 2016 07/06/2016 John Selby |mpel"ia|

College

London
General oracles

. — — — Cc +

Controlled transformation O, = ;
T _ AT} =
R ] '
1 C 1

Phase transformation =




UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

The lower bound

» Classical computers: O(N) queries



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

The lower bound

» Classical computers: O(N) queries
» Quantum computers: O(v/N) queries



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

The quantum speed up



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

The quantum speed up

» Quantum interference provides the speed up?



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mperia| CO“ege
London

The quantum speed up

» Quantum interference provides the speed up?

» More interference gives more of a speed up, e.g. O(N%)?



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mperia| CO“ege
London

The quantum speed up

» Quantum interference provides the speed up?
. 1
» More interference gives more of a speed up, e.g. O(N#»)?

» Interference and phases



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mperia| CO“ege
London

The quantum speed up

» Quantum interference provides the speed up?
1
» More interference gives more of a speed up, e.g. O(N#»)?

» Interference and phases




UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mpel"ia| CO“ege
London

Our result

» Classical computers: O(N) queries
» Quantum computers: O(v/N) queries



UNIVERSITY OF QPL 2016 07/06,/2016 John Selby |mperia| CO“ege
London

Our result

» Classical computers: O(N) queries
» Quantum computers: O(v/N) queries
» Computers satisfying our principles: Q(1/N/h) queries
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Physical principles
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Do we need all of these principles?

» Can we reach this lower bound?
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Practical applications?
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