
 

Protocol corrects virtually all errors in
quantum memory, but requires little measure
of quantum states
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A new quantum error correcting code requires measurements of only a few
quantum bits at a time, to ensure consistency between one stage of a computation
and the next. Credit: Jose-Luis Olivares/MIT
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Quantum computers are largely theoretical devices that could perform
some computations exponentially faster than conventional computers
can. Crucial to most designs for quantum computers is quantum error
correction, which helps preserve the fragile quantum states on which
quantum computation depends.

The ideal quantum error correction code would correct any errors in
quantum data, and it would require measurement of only a few quantum
bits, or qubits, at a time. But until now, codes that could make do with
limited measurements could correct only a limited number of
errors—one roughly equal to the square root of the total number of
qubits. So they could correct eight errors in a 64-qubit quantum
computer, for instance, but not 10.

In a paper they're presenting at the Association for Computing
Machinery's Symposium on Theory of Computing in June, researchers
from MIT, Google, the University of Sydney, and Cornell University
present a new code that can correct errors afflicting a specified fraction
of a computer's qubits, not just the square root of their number. And that
fraction can be arbitrarily large, although the larger it is, the more qubits
the computer requires.

"There were many, many different proposals, all of which seemed to get
stuck at this square-root point," says Aram Harrow, an assistant
professor of physics at MIT, who led the research. "So going above that
is one of the reasons we're excited about this work."

Like a bit in a conventional computer, a qubit can represent 1 or 0, but it
can also inhabit a state known as "quantum superposition," where it
represents 1 and 0 simultaneously. This is the reason for quantum
computers' potential advantages: A string of qubits in superposition
could, in some sense, perform a huge number of computations in
parallel.
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Once you perform a measurement on the qubits, however, the
superposition collapses, and the qubits take on definite values. The key
to quantum algorithm design is manipulating the quantum state of the
qubits so that when the superposition collapses, the result is (with high
probability) the solution to a problem.

Baby, bathwater

But the need to preserve superposition makes error correction difficult.
"People thought that error correction was impossible in the '90s,"
Harrow explains. "It seemed that to figure out what the error was you
had to measure, and measurement destroys your quantum information."

The first quantum error correction code was invented in 1994 by Peter
Shor, now the Morss Professor of Applied Mathematics at MIT, with an
office just down the hall from Harrow's. Shor is also responsible for the
theoretical result that put quantum computing on the map, an algorithm
that would enable a quantum computer to factor large numbers
exponentially faster than a conventional computer can. In fact, his error-
correction code was a response to skepticism about the feasibility of
implementing his factoring algorithm.

Shor's insight was that it's possible to measure relationships between
qubits without measuring the values stored by the qubits themselves. A
simple error-correcting code could, for instance, instantiate a single
qubit of data as three physical qubits. It's possible to determine whether
the first and second qubit have the same value, and whether the second
and third qubit have the same value, without determining what that value
is. If one of the qubits turns out to disagree with the other two, it can be
reset to their value.

In quantum error correction, Harrow explains, "These measurement
always have the form 'Does A disagree with B?' Except it might be,
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instead of A and B, A B C D E F G, a whole block of things. Those
types of measurements, in a real system, can be very hard to do. That's
why it's really desirable to reduce the number of qubits you have to
measure at once."

Time embodied

A quantum computation is a succession of states of quantum bits. The
bits are in some state; then they're modified, so that they assume another
state; then they're modified again; and so on. The final state represents
the result of the computation.

In their paper, Harrow and his colleagues assign each state of the
computation its own bank of qubits; it's like turning the time dimension
of the computation into a spatial dimension. Suppose that the state of
qubit 8 at time 5 has implications for the states of both qubit 8 and qubit
11 at time 6. The researchers' protocol performs one of those agreement
measurements on all three qubits, modifying the state of any qubit that's
out of alignment with the other two.

Since the measurement doesn't reveal the state of any of the qubits,
modification of a misaligned qubit could actually introduce an error
where none existed previously. But that's by design: The purpose of the
protocol is to ensure that errors spread through the qubits in a lawful
way. That way, measurements made on the final state of the qubits are
guaranteed to reveal relationships between qubits without revealing their
values. If an error is detected, the protocol can trace it back to its origin
and correct it.

It may be possible to implement the researchers' scheme without actually
duplicating banks of qubits. But, Harrow says, some redundancy in the
hardware will probably be necessary to make the scheme efficient. How
much redundancy remains to be seen: Certainly, if each state of a
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computation required its own bank of qubits, the computer might
become so complex as to offset the advantages of good error correction.

But, Harrow says, "Almost all of the sparse schemes started out with not
very many logical qubits, and then people figured out how to get a lot
more. Usually, it's been easier to increase the number of logical qubits
than to increase the distance—the number of errors you can correct. So
we're hoping that will be the case for ours, too."

Stephen Bartlett, a physics professor at the University of Sydney who
studies quantum computing, doesn't find the additional qubits required
by Harrow and his colleagues' scheme particularly daunting.

"It looks like a lot," Bartlett says, "but compared with existing structures,
it's a massive reduction. So one of the highlights of this construction is
that they actually got that down a lot."

"People had all of these examples of codes that were pretty bad, limited
by that square root 'N,'" Bartlett adds. "But people try to put bounds on
what may be possible, and those bounds suggested that maybe you could
do way better. But we didn't have constructive examples of getting here.
And that's what's really got people excited. We know we can get there
now, and it's now a matter of making it a bit more practical."

  More information: "Sparse Quantum Codes from Quantum Circuits." 
arxiv.org/pdf/1411.3334v1.pdf

This story is republished courtesy of MIT News
(web.mit.edu/newsoffice/), a popular site that covers news about MIT
research, innovation and teaching.
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