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Abstract

Grover discovered a quantum algorithm for identifying a target element in an unstructured
search universe of IV items in approximately 7/ 4v/N queries to a quantum oracle. For classical
search using a classical oracle, the search complexity is of order N/2 queries since on average half
of the items must be searched. In work preceding Grover’s, Bennett et al. had shown that no
quantum algorithm can solve the search problem in fewer than O(v/N) queries. Thus, Grover’s
algorithm has optimal order of complexity. Here, we present an information-theoretic analysis
of Grover’s algorithm and show that the square-root speed-up by Grover’s algorithm is the best
possible by any algorithm using the same quantum oracle.

Grover [1], [2] discovered a quantum algorithm for identifying a target element in an
unstructured search universe of N items in approximately 7/ 4N queries to a quantum
oracle. For classical search using a classical oracle, the search complexity is clearly of
order N/2 queries since on average half of the items must be searched. It has been proven
that this square-root speed-up is the best attainable performance gain by any quantum
algorithm. In work preceding Grover’s, Bennett et al. [4] had shown that no quantum
algorithm can solve the search problem in fewer than O(v/N) queries. Following Grover’s
work, Boyer et al. [5] showed that Grover’s algorithm is optimal asymptotically, and that
square-root speed-up cannot be improved even if one allows, e.g., a 50% probability of
error. Zalka [3] strengthened these results to show that Grover’s algorithm is optimal
exactly (not only asymptotically). In this correspondence we present an information-
theoretic analysis of Grover’s algorithm and show the optimality of Grover’s algorithm
from a different point of view.
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