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A fast quantum mechanical algorithm for database search
Lov K. Grover
3C-404A, Bell Labs
600 Mountain Avenue
Murray Hill NJ 07974
lkgrover@bell-labs.com

Summary
Imagine a phone directory containing N names
arranged in completely random order. In order to find

someone's phone number with a probability of %: any
classical algorithm (whether deterministic or probabilis-
tic) will need to look at a minimum of '}? names. Quan-

tum mechanical systems can be in a superposition of
states and simultaneously examine multiple names. By
properly adjusting the phases of various operations. suc-
cessful computations reinforce each other while others
mterfere randomly. As a result, the desired phone num-

ber can be obtained in only O(./N) steps. The algo-
rithm 1s within a small constant factor of the fastest
possible quantum mechanical algorithm.

HERES -/ \Y1BEMORBHERTE=ENKIEICTHAS: 2" -

ETSI GR QSC 006 V1.1.1, Limits to Quantum Computing applied to symmetric key sizes (2017)
CRYPTRECH iR G EIEFaEa—4MH

This paper applies quantum computing to a
mundane problem in information processing and pre-
sents an algorithm that is sigmificantly faster than any
classical algorithm can be. The problem is this: there is
an unsorted database containing N items out of which
Just one item satisfies a given condition - that one item
has to be retrieved. Once an item 15 examined, it 18 pos-
sible to tell whether or not it satisfies the condition in
one step. However, there does not exist anv sorting on
the database that would aid 1ts selection. The most effi-
cient classical algorithm for this is to examine the items
i the database one by one. If an item satisfies the
required condition stop; if it does not. keep track of this
item so that it is not examined again. It is easily seen

N
that this algorithm will need to look at an average of %

items before finding the desired item.
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