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Motivation

1. Faster => smaller => shrinking computer

2. Computational complexity

New quantum algorithms can turn some difficult problems into easy ones

3. Quantum computation = multi-particle quantum interference

Understanding/testing the foundations of QM



Outline

e Reasonable models of computation

» Finite alphabets, finite set of rules, efficient physical
representation of data

e Deterministic, probabllistic and quantum
computation

e Sequential computation

» Quantum computers = interferometry

e Beyond sequential models



What Is computation?
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Models & Physics

Any reasonable model of computation must be:

e Physically possible

e Efficient In I1ts use of physical
resources



Physical representations of symbols

unary encoding - inefficient binary encoding - efficient
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Deterministic computation
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Probabilistic computation
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Quantum computation
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Building quantum computers
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In fact, there are many l
ways of implementing
guantum interference...
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Quantum Interference
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Hadamard & Phase gates
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Any single particle interference
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Gates & Networks = convenient
description of experiments
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e Mach-Zehnder interferometer

e Cavity QED Ramsey interferometry

e Ramsey Interferometry using trapped ions
e Neutron Interferometry



So far so good, but..

e ...by earlier arguments we need many
particles for efficient data storage...

e ...how Is interferometry related to
conventional computational tasks such
as computing functions...



Quantum interferometry
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Phases In a new way
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Quantum function evaluation
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Quantum function evaluation
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Quantum function evaluation
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Quantum Algorithms
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Quantum Algorithms
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Quantum Algorithms
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Repeated interference pattern — e.g. for Grover’s algorithm



Abelian Hidden Subgroups

Unification — mathematical perspective
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Partial Unification

e Hidden subgroup problems

» Include all early quantum algorithms (Deutsch,
Simon...)...

» ...factoring, discrete logarithm, Abelian
stabiliser,...

» For algorithms that do not belong to this category
see, for example, work by John Watrous on

solvable groups
e Interferometric structure is common for all
sequential guantum algorithms — including
guantum search, counting, etc



Wacky i1deas for the future

e Particle statistics In interferometers,

additional se

e Beayond sec
annealing?

ection rules ?
uential models — quantum

e Holonomic, geometric, and topological
guantum computation?

e Discover (rather than invent) guantum
computation in Nature?



Beyond sequential models
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Adiabatic Annealing

Final Hamiltonian
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Classical annealing In action

Quantum state estimation
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Optimal POVM (in symmetric subspace)
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Where the Bloch vectors of |j )
are uniformly distributed on the sphere




Stabilising guantum computation

e Projections on symmetric subspaces (Deutsch 93)
YIAY)AY)AIY YA AlY)
YVA|YVA[Y)A|YGA... AlY)

e Decoherence free subspaces (Palma et al 95)
e Quantum error correcting codes (Shor 95,...)

e Geometric/holonomic computation
» J.A. Jones, A.K. Ekert, G. Castagnoli, V. Vedral Nature 407, 869 (1999)
» P.Zanardi et al Phys. Lett. A264, 94 (1999)

» ...




Basic idea - geometric phase
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Inherently quantum algorithms

Decision problem - Entangled or not?

Tr (A,r)=0



Coherent quantum
phenomena In nature ?
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Further Reading

http://www.qubit.org
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