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Counting collisions in a simple dynamical system with two billiard balls can be used to estimate 7 to any accuracy.
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Quantum Mechanics Helps in Searching for a Needle in a Haystack

Lov K. Grover*

3C-404A Bell Labs, 600 Mountain Avenue, Murray Hill, New Jersey 07974
(Received 4 December 1996)

Quantum mechanics can speed up a range of search applications over unsorted data. For example,
imagine a phone directory containing N names arranged in completely random order. To find some-
one’s phone number with a probability of 50%, any classical algorithm (whether deterministic or proba-
bilistic) will need to access the database a minimum of 0.5N times. Quantum mechanical systems can
be in a superposition of states and simultaneously examine multiple names. By properly adjusting the
phases of various operations, successful computations reinforce each other while others interfere ran-
domly. As a result, the desired phone number can be obtained in only O(+/N ) accesses to the database.
[S0031-9007(97)03564-3]

Galperin 1995

i O

#collisions — Lﬂ- v M J




VOLUME 79, NUMBER 2 PHYSICAL REVIEW LETTERS 14 JuLy 1997

Quantum Mechanics Helps in Searching for a Needle in a Haystack

Lov K. Grover*

3C-404A Bell Labs, 600 Mountain Avenue, Murray Hill, New Jersey 07974
(Received 4 December 1996)

Quantum mechanics can speed up a range of search applications over unsorted data. For example,
imagine a phone directory containing N names arranged in completely random order. To find some-
one’s phone number with a probability of 50%, any classical algorithm (whether deterministic or proba-
bilistic) will need to access the database a minimum of 0.5N times. Quantum mechanical systems can
be in a superposition of states and simultaneously examine multiple names. By properly adjusting the
phases of various operations, successful computations reinforce each other while others interfere ran-
domly. As a result, the desired phone number can be obtained in only O(+/N ) accesses to the database.
[S0031-9007(97)03564-3]

Galperin 1995
task: find ‘needle in haystack’

OIS find 1 item amongst d

#collisions — \jr v M J

A

’¢> Uoracle

1
#oracle calls — LZT‘- V d — 1J



Galperin 1995 Grover 1996

G. GALPERIN

Department of Mathematics & Computer VOLUME 79, NUMBER 2 PHYSICAL REVIEW LETTERS 14 JuLy 1997
Sciences, Eastern Illinois University,
Charleston, IL 61920, USA

E-mail: cfgg@ux1.cts.eiu.edu

Quantum Mechanics Helps in Searching for a Needle in a Haystack

PLAYING POOL WITH 7t Lov K. Grover*
3C-404A Bell Labs, 600 Mountain Avenue, Murray Hill, New Jersey 07974

(THE NUMBER 7T FROM (Received 4 December 1996)
A BILLIARD POINT OF VIEW) Quantum mechanics can speed up a range of search applications over unsorted data. For example,

imagine a phone directory containing N names arranged in completely random order. To find some-

one’s phone number with a probability of 50%, any classical algorithm (whether deterministic or proba-
Received December 9, 2003 DOI: 10.1070/RD2003v008n04ABEH000252 bilistic) will need to access the database a minimum of 0.5N times. Quantum mechanical systems can
be in a superposition of states and simultaneously examine multiple names. By properly adjusting the
phases of various operations, successful computations reinforce each other while others interfere ran-
domly. As a result, the desired phone number can be obtained in only O(+/N ) accesses to the database.
Counting collisions in a simple dynamical system with two billiard balls can be used to estimate 7 to any accuracy. [S0031-9007(97)03564-3]

A

Uoracle

s 1
#COHiSiODS — |7 M #Qracle calls — LZT‘- V d — 1J



arXiv.org > quant-ph > arXiv:1912.02207

[Submitted on 4 Dec 2019]

Playing Pool with |y): from Bouncing Billiards to Quantum Search

Adam R. Brown

Galperin 1995 <@ Grover 1996

G. GALPERIN
Department of Mathematics & Computer VOLUME 79, NUMBER 2 PHYSICAL REVIEW LETTERS 14 JuLy 1997
Sciences, Eastern Illinois University,
Charleston, IL 61920, USA

E-mail: cfgg@uxl.cts.eiu.edu

Quantum Mechanics Helps in Searching for a Needle in a Haystack

PLAYING POOL WITH vy Lov K. Grover*

3C-404A Bell Labs, 600 Mountain Avenue, Murray Hill, New Jersey 07974

(THE NUMBER 7T FROM (Received 4 December 1996)

A BILLI ARD POINT OF VIEW) Quantum mechanics can speed up a range of search applications over unsorted data. For example,
imagine a phone directory containing N names arranged in completely random order. To find some-
one’s phone number with a probability of 50%, any classical algorithm (whether deterministic or proba-

Received December 9, 2003 DOI: 10.1070/RD2003v008n04ABEH000252 bilistic) will need to access the database a minimum of 0.5N times. Quantum mechanical systems can
be in a superposition of states and simultaneously examine multiple names. By properly adjusting the
phases of various operations, successful computations reinforce each other while others interfere ran-
domly. As a result, the desired phone number can be obtained in only O(+/N ) accesses to the database.

[S0031-9007(97)03564-3]

Counting collisions in a simple dynamical system with two billiard balls can be used to estimate 7 to any accuracy.

AN

Uoracle

1
#COHiSiOHS — | T M #Qracle calls — LZT‘- V d — 1J



Quantum Algorithms 101

Shor 1994 Grover 1996




Quantum Algorithms 101

Shor 1994

Grover 1996

factoring GOAL black box search
special purpose STRUCTURE general purpose
(not NP-complete) NEEDED? (includes NP-complete)
exponential SPEED UP quadratic
steal bitcoin USE CASE mine bitcoin




Quantum Algorithms 101

Shor 1994

Grover 1996

factoring GOAL black box search
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VOLUME 79, NUMBER 2 PHYSICAL REVIEW LETTERS 14 JuLy 1997

Quantum Mechanics Helps in Searching for a Needle in a Haystack

Lov K. Grover*

3C-404A Bell Labs, 600 Mountain Avenue, Murray Hill, New Jersey 07974
(Received 4 December 1996)

Quantum mechanics can speed up a range of search applications over unsorted data. For example,
imagine a phone directory containing N names arranged in completely random order. To find some-
one’s phone number with a probability of 50%, any classical algorithm (whether deterministic or proba-
bilistic) will need to access the database a minimum of 0.5N times. Quantum mechanical systems can
be in a superposition of states and simultaneously examine multiple names. By properly adjusting the
phases of various operations, successful computations reinforce each other while others interfere ran-
domly. As a result, the desired phone number can be obtained in only O(+/N) accesses to the database.
[S0031-9007(97)03564-3]
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Quantum Mechanics Helps in Searching for a Needle in a Haystack

PLAYING POOL WITH vy Lov K. Grover*
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(THE NUMBER 7T FROM (Received 4 December 1996)

A BILLI ARD POINT OF VIEW) Quantum mechanics can speed up a range of search applications over unsorted data. For example,
imagine a phone directory containing N names arranged in completely random order. To find some-
one’s phone number with a probability of 50%, any classical algorithm (whether deterministic or proba-

Received December 9, 2003 DOI: 10.1070/RD2003v008n04ABEH000252 bilistic) will need to access the database a minimum of 0.5N times. Quantum mechanical systems can
be in a superposition of states and simultaneously examine multiple names. By properly adjusting the
phases of various operations, successful computations reinforce each other while others interfere ran-
domly. As a result, the desired phone number can be obtained in only O(+/N ) accesses to the database.

[S0031-9007(97)03564-3]

Counting collisions in a simple dynamical system with two billiard balls can be used to estimate 7 to any accuracy.
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BOUNCING BILLIARDS

GROVER SEARCH
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“ Galperin’s m-calculating plan displays a wanton disregard for engineering practicalities.
It requires that we overcome friction, overcome inelasticities, overcome the blurring effects of
quantum mechanics, and then having overcome all these things it requires exceptional patience,
because even pedestrian initial velocities provoke catastrophic corrections from special relativity.
Nevertheless, whatever the shortcomings of billiard balls as tools for calculating 7, the results
of this paper suggest a tool that is even worse. We might start with a qu(100" + 1)it, and then
step-by-step enact the quantum mirror of Galperin’s method, mirroring each velocity with an
amplitude, mirroring each billiard collision with a unitary, before ending with a painstaking
tomographic reconstruction of the final state and ushering in a new-if-pointless era of quantum
arithmetic. It would not be easy, it would not be useful, but it would be a picturesquely quixotic

way to seek 7 in the ). ,,
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