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Abstract

Quantum walks have been proven to be a useful framework in designing new quantum algorithms, of which the
search algorithm is the most notable. Besides a general search for a special vertex, recent researches have shown that
quantum walks can also be used to find structural anomalies. Suppose a vertex of complete graph Ky is attached to a
second graph G, then the kind of structure anomaly will break the symmetry of the complete graph. The search algorithm
based on scattering quantum walk model is presented to speed up locating this kind of structure anomaly. The concepts
of scattering quantum walk model and collapsed graphs are presented. The definition of the evolutionary operator,
which is different from that of a general search, is given. Based on the specific definition of evolutionary operator and
the obvious symmetry of complete graph, it is shown that the search space is confined to a low-dimensional collapsed
space, and the initial state is chosen to lie in this subspace. To illustrate the evolutionary process of the search algorithm,
an example is given in the case that GG is a single vertex. Taking advantage of our earlier study on the evolutionary
operator of coined quantum walks with Grover coin, calculations of the unitary operator in the collapsed space are greatly
simplified. To quantify the evolutionary process of the algorithm, we use the matrix perturbation theory involving a
perturbative approach to find the eigenvalues and eigenstates. It is the degenerate zeroth-order eigenvalue Ao = 1 that
leads to the interesting parts of the Hilbert space. Most of the recent researches of searching the structure anomalies
focus on star graph Sy with an unspecified graph G attached to one of its external vertices, where the overall graph is
divided into two parts by the central vertex. It is shown that quantum speedup will occur if and only if the eigenvalues
associated with these two parts in the N — oo limit are the same. In this paper, we find that the collapsed graph of
complete graphs can also be divided into two parts by a single collapsed vertex. As these two parts roughly correspond
to the initial state and the desired state respectively, the techniques and results in star graphs can be generalized to the
collapse graph on complete graph. What is more, under our definition of unitary evolution operator these two parts in
the N — oo limit will always share the same eigenvalue, i.e. Ao = 1, no matter what the structure of graph G is. Based
on this, we prove that the search algorithm can find the target vertex in O(\/N ) time steps with a success probability of
1-0(1/ VN ). That is to say, the quantum search algorithm gains a quadratic speedup over classical counterpart.

Keywords: scattering quantum walk, quantum search, complete graph
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