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THE HIDDEN SUBGROUFP PROBLEM - REVIEW AND OPEN
PROBLEMS

CHRIS LOMONT, CYBERNET

ABSTRACT. An overview of quantum computing and in particular the Hidden
subgroup Problem are presented from a mathematical viewpoint, Detailed
proofs are supplied for many important results from the literature, and nota-
tion 1s unified, making it easier to absorb the background necessary to begin
research on the Hidden Subgroup Problem. Proofs are provided which give
very concrete algorithms and bounds for the finite abelian case with little out-
side references, and future directions are provided for the nonabelian case.
This summary is current as of October 2004,
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of bits. Thus £ grows at most like a polynomial in n and the distinction between polynomial and
exponential running time depends entirely on gmin. 7

We make no claims about the size of gmin for any problems other than the examples given in
Section @ We will give three examples where gpmin is of order 1/n® so the evolution time T is polynomial
in n. Each of these problems hag a regular structure that made calculating g, possible. However,
the regularity of these problems also makes them classically computationally simple. The question
of whether there are computationally difficult problems that could be solved by quantum adiabatic
evolution we must leave to future investigation.
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Figure 4: The four eigenvalues of H (s) associated with “2-bit disagree”. The same levels are associated

with “-bit agree”.
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Quantum Search by Local Adiabatic Evolution

Jérémie Roland! and Nicolas J. Cerf!?
! Eeole Polytechnique, CP 165, Undversité Libre de Bruzelles, 1050 Brussels, Belgium
% Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 91109
(July 2001)

The adiabatic theorem has been recently used to design quantum algorithms of a new kind, where
the quantum computer evolves slowly enough so that it remains near its instantaneous ground state
which tends to the solution [ﬂ] We apply this time-dependent Hamiltonian approach to the Grover’s
problem, i. e., searching a marked item in an unstructured database. We find that, by adjusting the
evolution rate of the Hamiltonian so as to keep the evolution adiabatic on each infinitesimal time
interval, the total running time is of order +/N, where N is the number of items in the database.
We thus recover the advantage of Grover's standard algorithm as compared to a classical search,
scaling as N. This is in contrast with the constant-rate adiabatic approach developed in [EI], where
the requirement of adiabaticity is expressed only globally, resulting in a time of order N.

PACS numbers: 03.67.Lx, 89.70.4c

Wl . 4




A Quantum Adiabatic Evolution Algorithm
Applied to Random Instances of
an NP-Complete Problem

Edward Farhi, Jeffrey Goldstone®
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A shorter version of this article appeared in the April 20, 2001 issue of Science.



