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Computing and "Inf ormation"

Computers store and manipulate information

Information is in the form of "bits":

1001101110001 0010

A string of N bits can represent
any of 2N 1 numbers.
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Information: Quantum Computer s

t any one time the "state" is

cz 100101010 010
c; 010010110 101
cz 100110101 110

+ + +

l Quantum Computing 24 Oct 2002 — p.4/16



Information: Quantum Computer s

t any one time the "state" is

cz 100101010 010
c; 010010110 101
cz 100110101 110

+ + +

) The information in N "quantum bits"
is represented by 2N 1 complex numbers. (!)
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Quantum Computing:
The Glory and the Pain

he Good News: Quantum Computers can carry out
assively parallel computations.
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Quantum Computing:
The Glory and the Pain

he Good News: Quantum Computers can carry out
massively parallel computations.

For example: With 30 "qubits" a quantum computer
carries out 230 10’ calculations simultaneously!

Note: Quantum Computers are "analog" computers

The Bad News: It is impossible to measure the "state"
of the quantum computer!
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Formal Theory of Computing

The "Turing Machine"

Rules, states, and an
alphabet f 0; 1g

Computation in terms of
logic gates.
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The Strang e Truth
about Quantum Mechanics

tate vectors j i and Operators A
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Measurements and Eigenvectors:
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The Strang e Truth
about Quantum Mechanics

tate vectors j i and Operators A

Measurements and Eigenvectors:
Ajgl = gjai,1=1,2,3;:::

Expansmn In Eigenstates:
j 1= ciljail + cpjagi + czjagi +

A measurement projects out only one eigenvector!
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States of a Quantum Bit

j1 ("Up")
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States of a Quantum Bit

j1 ("Up")

joi ("Down")
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States of a Quantum Bit
j1i ("Up)
joi ("Down")

pl_é (jOi + j1i) ("Entangled")



Example: The P NOT Gate

Classical NOT Gate: j1i ! |[NOT|! jOi
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Example: The P NOT Gate

Classical NOT Gate: j1i ! |[NOT|! jOi

QuanBJm Mechanical P NOT Gate:
jli!  NOT! pl—i(jOi +ijli)! ~ NOT! joi

This can be done in the laboratory:
jli = particle with z-spin up
10i = particle with z-spin down
NOT = exp( iSy =2~) = 90 rotation about y-axis

) Nuclear Magnetic Resonance (NMR) techniques
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Possib le Uses
of a Quantum Computer

any algorithms are being studied. Some possibilities:

# Searching and Sorting ("Grover's Algorithm")
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Possib le Uses
of a Quantum Computer

any algorithms are being studied. Some possibilities:

# Searching and Sorting ("Grover's Algorithm")
# Factoring ("Shor's Algorithm")

Simulating quantum systems
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Shor's Algorithm:
A Big Shot in the Arm

ow long does it take to factor a number with N digits?
lassical algorithms (that we know about) take times
that grow something like exp(N)
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Shor's Algorithm:
A Big Shot in the Arm

ow long does it take to factor a number with N digits?
Classical algorithms (that we know about) take times
that grow something like exp(N)

Shor (1994) showed that a Quantum Computer can
factor a number with N digits in time of order N 3

Modern cryptography (banking, national security, .. .)
IS based on the dif culty of prime factoring of large
numbers!
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IBM's Quantum Computer

"Experimental realization of
Shor's quantum factoring algorithm
using nuclear magnetic resonance”

Lieven M. K. Vandersypen, Matthias Steffen,
Gregory Breyta, Costantino S. Yannoni,
Mark H. Sherwood, & Isaac L. Chuang

NATURE, VOL 414, 20/27 DECEMBER 2001

www.nature.com
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The Principle Investigator s
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The QuBiIts
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The Calculation

0 =) 2 3)
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For more information. ..

http://www.qubit.org/

Articles by Prof. Seth Lloyd

"A Potentially Realizable Quantum Computer”,
Science, 261(1993)1569

"Envisioning a Quantum Supercomputer",
Science, 263(1994)695

"Universal Quantum Simulators",
Science, 273(1996)1073
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