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Investigation of Multiphase Relationship for Quantum Search Algorithm

JIN Wen-Liang
(College of Information Engineering , Yangzhou University , Yangzhou . Jiangsu 225127)

Abstract  Suppose we are given an unsorted database of size N. Whereas the extremely compli-
cated calculations make it almost impossible to establish a precise mathematical formulation to de-
scribe the conclusion that for a uniform initial amplitude distribution, there exist two sets of the
phase rotation angles defined in the real domain such that a unique desired state can be found with
certainty in a two-dimensional complex subspace, we resorted to an approximate computational
method for simplifying the calculations and thus derived the multiphase matching equation by in-
duction. This equation guarantees that a unique desired state can be found with high success
probability provided the number j of elements in one of the sets of the phase rotation angles is
relatively small compared to N (N is sufficiently large). In this case, for any given j>2, we an-
alyze the computational complexity of LLong algorithm by exploiting a recurrence relation derived
in this paper. Finally, we further verify the validity of the multiphase matching equation by some

examples of numerical simulation.

Keywords Grover quantum search algorithm; Long algorithm; Long operator; two-dimensional

complex subspace; multiphase matching equation
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Background

Grover’s search algorithm is one of the key algorithms
in the field of quantum computing. It allows one to find a sin-
gle desired state in a large unsorted database of size N using
merely a number of queries in O (N'?), compared to the
classical O ( N), and thus provides a quadratic speedup.
There have been various improvements made to the original
Grover’s search algorithm over the past decade. To guaran-
tee the effectiveness of the Long algorithm, which is one of
the generalized Grover’ s algorithms, the phase matching
condition (i.e. identical rotation angles) shall be observed by
using an approximate method. Biham et al. also thought that
in order for the Long algorithm to apply. the two rotation
angles must be equal. Subsequently, Long et al. further
showed that this phase condition is actually an exact relation.
By now the Grover’s search algorithm has been verified ex-
perimentally in NMR (nuclear magnetic resonance) system
with a few qubits, and the experimental implementation of
the Long algorithm has been successfully completed in optical
device and in NMR system.

When the search space is extended to a possible three-
dimensional complex subspace, we proved that no matter
what the initial superposition may be, a desired state cannot
be found with certainty, and demonstrated that if N is suffi-

ciently large then corresponding to the case of identical rota-

tion angles, the maximum success probability of finding a
unique desired state is approximately equal to the square of
the cosine function of a deflection angle. Furthermore, we al-
so showed that in this case, as the difference between the two
rotation angles increases, the Long algorithm fails to enhance
the probability of measuring a unique desired state irrespec-
tive of whether or not a deflection angle is small.

Most of the previous work on quantum search focused
primarily on the study of the single-phase matching. In the
present paper we made a remarkable advance beyond this lim-
it by introducing the notion of the multiphase matching, so as
to make the Long algorithm more generally applicable. Our
analysis showed that a unique desired state can be found with
high probability of success provided the multiphase matching
equation is satisfied for an equally-weighted initial superposi-
tion of all basis states in a two-dimensional complex sub-
space.

We have another purpose in this paper to reveal that
when N is not too large. maybe the multiphase matching
equation is able to provide the following particular situation;
in the case that any two phase rotation angles corresponding
to each iteration of Long operator are completely independent
and all of the pairs of phases are different from one another,

the Long algorithm can still be effective.



