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Physical principles
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Physical principle 1: Causality

f =
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Physical principle 3: Strong symmetry and the existence of
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Component 2: Reversible phase transformations

P i = i



QPL 2016 07/06/2016 John Selby

Component 3: Phase kick-back algorithm

s

C P

{Ti}
=
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The search problem

“Given an N element unstructured list with a unknown marked
item x . Then given an oracle Ox how many queries of Ox are

needed to find x with high probability?”



QPL 2016 07/06/2016 John Selby

Quantum oracles
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1

:=Ox Ux



QPL 2016 07/06/2016 John Selby

Quantum oracles

Ux |i〉 |j〉 = |i〉 |j ⊕ δix〉

Ux
C

{X δix}
=

Ox |i〉 = (−1)δxi |i〉
1

:=Ox Ux



QPL 2016 07/06/2016 John Selby

Quantum oracles

Ux |i〉 |j〉 = |i〉 |j ⊕ δix〉 Ux
C

{X δix}
=

Ox |i〉 = (−1)δxi |i〉
1

:=Ox Ux



QPL 2016 07/06/2016 John Selby

Quantum oracles

Ux |i〉 |j〉 = |i〉 |j ⊕ δix〉 Ux
C

{X δix}
=

Ox |i〉 = (−1)δxi |i〉

1
:=Ox Ux



QPL 2016 07/06/2016 John Selby

Quantum oracles

Ux |i〉 |j〉 = |i〉 |j ⊕ δix〉 Ux
C

{X δix}
=

Ox |i〉 = (−1)δxi |i〉
1

:=Ox Ux



QPL 2016 07/06/2016 John Selby

General oracles

Controlled transformation Ox
C

{T x
i }

=

Phase transformation
s

C

{T x
i }

:=Ox



QPL 2016 07/06/2016 John Selby

General oracles

Controlled transformation

Ox
C

{T x
i }

=

Phase transformation
s

C

{T x
i }

:=Ox



QPL 2016 07/06/2016 John Selby

General oracles

Controlled transformation Ox
C

{T x
i }

=

Phase transformation
s

C

{T x
i }

:=Ox



QPL 2016 07/06/2016 John Selby

General oracles

Controlled transformation Ox
C

{T x
i }

=

Phase transformation

s

C

{T x
i }

:=Ox



QPL 2016 07/06/2016 John Selby

General oracles

Controlled transformation Ox
C

{T x
i }

=

Phase transformation
s

C

{T x
i }

:=Ox



QPL 2016 07/06/2016 John Selby

The lower bound

I Classical computers: O(N) queries

I Quantum computers: O(
√
N) queries

Computers satisfying our principles: Ω(
√
N) queries



QPL 2016 07/06/2016 John Selby

The lower bound

I Classical computers: O(N) queries

I Quantum computers: O(
√
N) queries

Computers satisfying our principles: Ω(
√
N) queries



QPL 2016 07/06/2016 John Selby

The quantum speed up

I Quantum interference provides the speed up?

I More interference gives more of a speed up, e.g. O(N
1
h )?

I Interference and phases

↔ ∆φ



QPL 2016 07/06/2016 John Selby

The quantum speed up

I Quantum interference provides the speed up?

I More interference gives more of a speed up, e.g. O(N
1
h )?

I Interference and phases

↔ ∆φ



QPL 2016 07/06/2016 John Selby

The quantum speed up

I Quantum interference provides the speed up?

I More interference gives more of a speed up, e.g. O(N
1
h )?

I Interference and phases

↔ ∆φ



QPL 2016 07/06/2016 John Selby

The quantum speed up

I Quantum interference provides the speed up?

I More interference gives more of a speed up, e.g. O(N
1
h )?

I Interference and phases

↔ ∆φ



QPL 2016 07/06/2016 John Selby

The quantum speed up

I Quantum interference provides the speed up?

I More interference gives more of a speed up, e.g. O(N
1
h )?

I Interference and phases

↔ ∆φ



QPL 2016 07/06/2016 John Selby

Our result

I Classical computers: O(N) queries

I Quantum computers: O(
√
N) queries

I Computers satisfying our principles: Ω(
√
N/h) queries



QPL 2016 07/06/2016 John Selby

Our result

I Classical computers: O(N) queries

I Quantum computers: O(
√
N) queries

I Computers satisfying our principles: Ω(
√
N/h) queries



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation
→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation
→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation

→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation
→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation
→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation
→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?



QPL 2016 07/06/2016 John Selby

Conclusion

I Physical principles

→ elementary components of computation
→ the quantum lower bound

I Do we need all of these principles?

I Can we reach this lower bound?

I Practical applications?


	Physical principles
	Components of computation
	Grover's algorithm

