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Lab Rat: Actually, this is rocket science
on 13 September 2000, 22:00
by Niall McKay

To get this column sent to your inbox, subscribe to the email newsletter.
We've got a problem. Moore's Law -- the tenet that says the number of transistors
(and therefore the performance) on a microprocessor doubles every 18 months --
will run out of steam around 2012.

By then, transistors will be about three atoms thick. So what will we do to drive
performance forward? The solution, some of the world's most eminent computer
scientists believe, is an obscure branch of science called quantum physics.

University, government, and corporate research labs, such as Stanford, the
Department of Energy's Los Alamos National Labs, the National Institute of
Standards and Technology, IBM, AT & T Labs, Lucent's Bell Labs, NASA's Ames
Research Center, Hewlett-Packard, and even Microsoft, are currently investing
heavily in quantum computing.

Now, before you go on a rampage with your 401k savings plan looking for quantum
startups (I know of only one, MagiQ Technologies), understand that this is a long
way from being cooked.

SHOR THING

In fact, until six years ago, when Peter Shor, a scientist at AT & T Labs, invented a
quantum factorization algorithm, it was little more than a passing curiosity for
propeller heads.

Dr. Shor's algorithm, together with a quantum computer, is a very powerful thing. For
instance, it makes nonsense of cryptography because, in theory at least, it can
factorize large numbers very quickly (factoring presents major difficulties for current
technology). One bit in a standard computer is represented by a single digit that is
either 0 or 1. But a quantum bit, or qubit, can be represented by an atom or photon
and can exist simultaneously as 0 and 1 or anything in between. This means that it
can calculate many possibilities simultaneously -- it's a massive parallel computing
system, if you will. So, there are tasks that even a crude quantum computer can do
that are nearly impossible for a classical computer.

LOV'S LABOR NOT LOST

Factorization is all very well for those who hate encryption, like the National Security
Agency, but who else wants a quantum computer? Lov Grover of Bell Labs came up
with a variation that would make them very useful because they can search a
database very rapidly.

"No one really uses their computers for factorization, but searching is something we
could do a lot more efficiently," Dr. Grover says.

He recently improved on his work and now if you know only a first name and, say, a
street number of a person in the New York metropolitan area, it'll find them in a jiffy.
For example, a list containing 10,000 items would take a current computer 5,000
steps, compared with only 100 steps using a quantum computer and the Grover
algorithm.

ROCKET SCIENCE

Meanwhile, rocket scientist Deepak Srivestava at NASA's Ames Research Center
believes that a modified version of Grover's algorithm can be used for space
exploration.

"Our interest is to create computer simulations of planets and then mine this data to
do predictive modeling," he says. "We would use this data to do planetary
exploration."

However, there is a problem. Quantum computer hardware, so to speak (because
it's usually liquid), is not quite ready yet. There are basically two types of quantum
computers in development: a Nuclear Magnetic Resonance (NMR) computer,
pioneered by Dr. Richard Hughes and his team at the Department of Energy's Los
Alamos National Labs in New Mexico just 20 months ago, and the ion trap
computer, which was developed by physicist David Wineland of the National
Institute for Standards and Technology. Los Alamos's quantum computer had just
three qubits, but since then IBM's Isaac Chuang has come up with a five-qubit
quantum computer, and then in May, Los Alamos brought out a seven-qubit
quantum computer.

All, however, have their limitations, owing to the fact that if you touch, tamper with,
or even look at a qubit you have distorted the results. This makes it difficult to
program. Scientists are compelled to use the NMR machine to nudge chloroform
atoms, which in turn spin carbon atoms, to program the computer. A solution of
sorts, but not one that scales or handles error correction very well.

"They don't scale above about 17 qubits, because they begin to lose their quantum
properties," says Dr. Hughes of Los Alamos National Labs.

NEXT WEEK: Hear how IBM is using 17-qubit exception to create a tamper-proof
encryption method.
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