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Motivation
how do you find a new guantum algorithm?
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Clifford Circuits
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Clifford Circuits
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Clifford Circuits
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Normalizer Circuits
let’s go beyond qubits
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Hilbert space of an (abelian) GROUP
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Hilbert space of an (abelian) GROUP
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Hilbert space of an (abelian) GROUP
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Hilbert space of an (abelian) GROUP
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Normalizer Circuits
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Quantum Fourier Transform



(Quantum) Fourier transform
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ALL NORMALIZER GATES

QUANTUM LINEAR QUADRATIC
FOURIER MAP PHASE
TRANSFORM GATE GATE
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ALL NORMALIZER GATES
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NORMALIZER CIRCUITS CAN

Shor 94

factorize (break RSA) 7, X Z]f[

find discrete logarithms Shor 94 Proos-Zalka 04
(break DH, elliptic curve)  Z. xXZ*  Z° xXE

solve Abelian hidden Simon 94, Kitaev 95 77, T3
subgroup problems Boneh-Lipton 95

be classically simulated
(if no black box)
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SHOR’s ALGORITHM
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SHOR’s ALGORITHM
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technical issues: infinite precision, implementation
solution: Shor’s algorithm is a discretized version of this algorithm
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Applications

a no-go theorem Cheung-Mosca 01
| ?
decompogng black box groups ‘ L 2y Xy
s complete

insight for algorithm design

infinite Fourier transforms
aren’t better than 2

Hallgren
Sarvepalli
Wocjan
Fontein

room for progress
algorithms for infrastructures




simulation techniques

infinite stabilizer groups Pauli X X (g)|A)=|g + h)
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mixed integer
linear equations
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Conclusions

a link between Clifford and Factoring
famous quantum algorithms are normalizer circuits

a better understanding of intermediate quantum devices
can lead to new Insights in guantum algorithm design
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Copyright statement

These slides were used in an academic presentation with educational purposes and for the transmission of scientific
knowledge in a field of research. The slides of this talk will be uploaded to the CEQIP 2014 workshop website
http.//ceqip.eu/2014/ with permission of the author, will be freely accessible, and shall be used privately for non-profit
educational / academic purposes without need to contact the author

Juan Bermejo Vega does not grant rights to distribute the slides for commercial purposes. These slides shall not be
published in any form of of media without permission of the author, including (but Not restricted to) any digital or
printed jorunals and websites/blogs different from the CEQIP website.

There are copyrighted pieces of artwork in this presentation, listed below:

. Hamburger picture (slide 3) is an illustration from Jon Berkeley for the article America’s missing middle, The
Economist, Nov 5, 20711. Modifications have been made by the presenter.

*  Niels Bohr picture in slide 10. Original art: Bohrium, by Kris Shanks.

Juan Bermejo Vega has no copyrights over these pictures and cannot (and therefore does not) grant permission to
reuse the afore mentioned pictures without contacting their original authors.

The workshop where this talk was presented, CEQIP 2014, Znojmo, Czech republic, is a non-profit research
workshop. The attendees of these workshop were researchers, academics and university students. The workshop

was organized by non-profit academic organizations

Research Center for Quantum Information, Institute of Physics, Slovak Academy of Sciences (Bratislava)
Quantum Laboratory, Faculty of Informatics, Masaryk University (Brmo).

For any issues, Juan Bermejo Vega can be contacted via the following email address:
joermejovega at gmail dot com
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APPENDIX

and a joke

two normalizer circuits walk inside a bar
and they order “finding”
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Clifford is Normalizer

Fourier automorphism quadratic
gate phase gate




BOQP

Black-Box Normalizer

o Computing discrete logs
o Factoring

o Abelian HSPs
o Decomposing Abelian black-box groups (complete)

Normalizer
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new techniques for proof

infinite stabilizer groups normal forms
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Types of simulations
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G must fullfill Pontryagin’s duality




