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Motivation�
how do you find a new quantum algorithm?
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Clifford Circuits
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Clifford Circuits
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Maximal




Normalizer Circuits:"
let’s go beyond qubits




Hilbert space of an (abelian) GROUP	



one ket

one group element




FINITE GROUP
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INFINITE GROUP"
lattice basis + Fourier basis
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MAIN RESULT




many quantum algorithms"
are normalizer circuits"
with black boxes


MAIN RESULT




NORMALIZER CIRCUITS CAN
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NORMALIZER CIRCUITS CAN


factorize (break RSA)"
"
"
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Shor 94




NORMALIZER CIRCUITS CAN


factorize (break RSA)"
"

find discrete logarithms"
(break DH, elliptic curve)"
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NORMALIZER CIRCUITS CAN


factorize (break RSA)"
"

find discrete logarithms"
(break DH, elliptic curve)"

"
solve Abelian hidden 
subgroup problems"

"
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NORMALIZER CIRCUITS CAN


factorize (break RSA)"
"

find discrete logarithms"
(break DH, elliptic curve)"

"
solve Abelian hidden 
subgroup problems"

"
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




Applications
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Applications

a no-go theorem"

decomposing black box groups 
is complete�



insight for algorithm design


infinite Fourier transforms�
 aren’t better than 2�



room for progress


algorithms for infrastructures  
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simulation techniques
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infinite stabilizer groups
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Conclusions
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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 quantum algorithm design
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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
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new techniques for proof
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infinite stabilizer groups
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Types of simulations
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G must fullfill Pontryagin’s duality
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