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Search algorithm of abnormal structure on complete graph:
Discussion of classical algorithm merged into the quantum computing thinking
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Abstract; Quantum computing thinking is used to explore new search methods for graph structures.
A search algorithm for structural anomalies on complete graphs based on scattering quantum walk is
proposed. Adding a pendant vertex to a complete graph, in which the number of vertices is N,
breaks the symmetry of the complete graph and indicates the change of the topology of the complete
graph. First, the precise definition of the evolutionary unitary operator U of scattering quantum walk
in the complete graph is presented. The Hilbert space in which the walk occurs is projected to a low-
er-dimensional invariant subspace S, and the action of the evolutionary operator in the subspace U is
given. Then, the equal superposition of all the basis states in the complete graph is chosen as the ini-
tial state. The eigenvalues and the eigenstates of U, is calculated by using the perturbation theory,
and the final state (pendants) of the algorithm is solved. Finally, the time complexity and the suc-
cess probability of the algorithm are analyzed. The algorithm analysis and the Matlab simulation re-
sults show that the quantum search algorithm using scattering quantum walk can find the anomaly in

O(/N) steps with the probability near to 1. However, the time complexity of the classical algo-

rithm for searching the anomaly by the adjacency list is O (N). Therefore, the search algorithm

based on scattering quantum walk can provide a quadric speed up over the classical algorithm for this

specific problem.

Key words: scattering quantum walk; complete graph; structural anomalies; invariant subspace;
perturbation theory
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