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e Quantum Walks (QW) on the 1d-Line

The Renormalization Group (RG)
* Motivation: What 1s Universality in QW?
e RG for 1d-Walks, classical and quantum
e Results for Mean-Square Displacement
e Problems and Challenges

* QW on the Dual Sierpinski Gasket (DSG)



http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/

EMORY Renormalization Group for Quantum Walks Deep Computation

Santa Fe
w OW on the Dual Sierpinski Gasket (DSG



http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/

EMORY Renormalization Group for Quantum Walks Deep Computation
Santa Fe
8-10-2013

W on the Dual Sierpinski Gasket (DSG

-10.0000

Boettcher

www.phvsics.emorv.edu/facultv/boettcher


http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/

Renormalization Group for Quantum Walks Deep Computation
Santa Fe
8-10-2013

EMORY

Classical Search:



http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.emory.edu/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/
http://www.physics.emory.edu/faculty/boettcher/

EMORY Renormalization Group for Quantum Walks Deep Computation
Santa Fe
8-10-2013

Classical Search:

Problem (“First-Passage Time”):
Within any Structure of N sites,
Design an algorithm,

To find an arbitrary site w,
From any 1nitial site i.
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Classical Search:

Problem (“First-Passage Time”):
Within any Structure of N sites,
Design an algorithm,

To find an arbitrary site w,
From any 1nitial site i.
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Classical Search:

Problem (“First-Passage Time”):
Within any Structure of N sites,
Design an algorithm,

To find an arbitrary site w,
From any 1nitial site i.

In general: Tin ~ O(N)
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Quantum Search:

Problem (“First-Passage Time”"):
Within any N-dim. Hilbert Space (site-basis {|i)}),
Design a propagator U,
To concentrate on an arbitrary site-state [w),

From a uniform initial state [T (0)) = |s) = \/LN ZN s
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Quantum Search:

Problem (“First-Passage Time”):
Within any N-dim. Hilbert Space (site-basis {|1)}),
Design a propagator U,
To concentrate on an arbitrary site-state [w),
From a uniform initial state [T (0)) = |s) = \/LN >

Grover (PRL1997):
Trnin ~ O(VN)

g’y }- __
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' RG for Quantum Walks on a Line

Example: RG for Classical Random Walk
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For 3x3-Coin, finite fraction of QW

never reaches the wall!
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Problems for Quantum Walk RG
Problem 2: Localization

For 3x3-Coin, finite fraction of QW

never reaches the wall!

On Dual-Sierpinskai:
For Grover-Coin, all of QW

never reaches the wall for L—o0!
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Conclusions:

RG for Quantum Walks
e Encouraging Results for 1d-Line (universal dw=1)
e Complex Fixed Point Analysis
e Can Lyapunov Procedure give Finite-Size Scaling?
e Can Localization be included?

General:

e What 1s Unmiversality in Quantum Algorithms?
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