
uantum computing makes use of the proper-
ty of very small objects to be in many states
at once to achieve computing speeds and out-
put that is way beyond capacity of ordinary
computers. When each such object can take
many values at the same time, a group of
them can represent a very large number of a
combination of values at the same time, and
computations can be made “in parallel”, in
place of being carried out one after the other.
There has been enormous progress in the
field and small, prototype quantum comput-
ers have been implemented. But the condi-
tion of atom-scale particles working in con-
cert in multi-valued states is sensitive and
short-lived, and computations are prone to
errors.

Conventional computing is error-prone
too, and there are now a number or ways of
detecting errors and correcting them on the
fly. But the way that values are stored in the
quantum world is quite different and avail-
able methods cannot be directly translated
for use. A group of scientists at Innsbruck,
Austria, and Madrid report in the journal
Science their success in implementing a pro-
cedure employing charged calcium atoms as
data stores, and not far removed, in princi-
ple, from a conventional method, for detect-
ing and correcting simple errors in quantum
computing.

The physics of very small dimensions is
marked by the fuzziness, or uncertainty of
position, of very small objects, like atoms or
subatomic particles. Another feature is that
properties like energy, or direction of spin,
do not vary smoothly, or continuously, as
they appear to in the ordinary world but per-
ceptibly, in steps, also known as “quanta”.
Quantum calculations can hence be digital
but need to be made with this uncertainty in
mind and that measurement would yield not
specific values, but one of possible outcomes.
The dynamics of how this happens is that

each particle of a
group is in fact at
its many possible
states when it
enters an interac-
tion and there is a
brace of outcomes
that depend on any
of the many com-
binations possible,
till there is a mea-
surement and the
system commits to
specific values.

Quantum com-
puting  in practice
makes use of prop-
erties, like the spin
of atoms, to repre-
sent the numbers 0
and 1 and perform
digital calculatio-
ns. Two such objec-
ts could thus repre-
sent four different
outcomes, based
on the two possible
values in the objec-
ts. But as small
objects can be in
both states at once,
there can be a com-
putation of one de-

sired result out of the four possible, in a sin-
gle assay, in place of four trials, as we would
need in the ordinary way. Typical computa-
tions in the real world involve billions of
numbers and most are hence limited to an
approximation, as the whole calculation may
take years or even centuries. But quantum
computing could change this and enable
human projects to become vastly more effi-
cient.

Words or expressions that need to be
exchanged are coded as a series of “0s” and
“1s”. In conventional computing, there are
possibilities of error in transmission and
any error would compromise the entire
process. Methods to detect and also correct
errors have thus been devised. One simple
method is to transmit every piece of data
three times. If any one transmission has an
error, the data in the other two is taken as
correct and the computation proceeds.
Another method is to use a check digit to ver-
ify a series of digits. In the parity method,
this check digit is either a “0” or a “1”,
depending on whether the data itself had an
even or odd number of “1s”. This method can
detect any single error and the data size is
regulated so that more than single errors are
not likely.

Yet another and ingenious method is to use
a series of check digits that are able to detect
and also correct any single error. In this
method, called the Hamming Code, the check
digits are the 1st, 2nd, 4th, 8th, etc, in the
series, at positions at the powers of the num-
ber “2”. The remaining positions are for the
data digits. The check digits are set at “0” or
“1” in such a way that each one forces a set of
digits in the message, including itself, to have
a given parity, which is to say, an odd or even
number of “1s”. As any of the non-check
digit serial numbers can be formed out of a
unique set out of 1, 2, 4, 8… the powers of “2”,
the serial numbers of the different check dig-
its that have wrong parity indicate the spe-
cific data digit that has the error. This digit
can then be reversed and the transmission
would be corrected for single errors.

In quantum computing, the elements of
data themselves, called qubits, are sensitive
to the environment and the possibility of
error is even greater than in conventional
computing. The procedures followed also
need to be different. The simplest method, of
using three versions of each data element,
for instance, is not feasible in the quantum
world, as duplication amounts to measure-
ment and this would destroy the “many
states at once” property. But there is a way to
create a larger number of quantum data car-
riers that encode the original element and a
procedure, the 3-qubit repetition code, which
detects and locates the error without extract-
ing any information about the value
involved, has been developed. Some other
methods, one using a 5-qubit code, have been
developed.

But the most promising have been the so-
called CSS code methods, named after
Calderman, Shor and Steane, who pioneered
work in the area. This method of error detec-
tion and correction is akin to the Hamming
Code and proceeds from a principle that it
takes at least five physical qubits to code a
unit of information so that errors can be
detected and rectified.

The Innsbruck and Madrid researchers
developed a coding scheme that uses seven
cubits, each one in the form of the internal
state of a charged calcium atom. The state of
the atoms could be manipulated using lasers
and the state of the qubit to be coded was
written into the seven atom qubits. The
seven qubits were mutually connected like a
Hamming Code to reveal a mismatch and,
hence, errors, and enable rectification, yet
without measurement of the state itself. The
group has also used the coding mechanism to
implement a computation using coded
cubits, with error detection and correction.

The achievement promises extension to
more numbers of qubits, to lead to the objec-
tive of Fault Tolerance, which would enable
practical use of Quantum Computing.
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patient is rushed to hospital after suf-
fering a severe stroke. Immediate
action is needed to return blood to the

affected part of their brain; without this they
may suffer brain damage or die. Poised to
begin surgery, doctors are warned by real-
time computer simulations that show how
the blood is flowing around the patient’s
brain that the consequences of their actions
could be dire. Equipped with this informa-

tion, they change course, and the patient sur-
vives. Such a scenario, where computers are
relied upon to make calculations that even
the best brain surgeon could not, sounds fan-
tastical. But this is exactly the sort of med-
ical advance the authors of a groundbreak-
ing new book on the verge of being launched
argue is within touching distance.

Computational Biomedicine: Modelling the
Human Body is the world’s first textbook
dedicated to the direct use of computer sim-
ulation in the diagnosis, treatment or pre-
vention of a disease. It claims that such tech-
nology will be “integral” to the way clinical
decisions are made in UK operating theatres
by the end of this century. Arguing that med-
icine is “on the verge of a radical transfor-
mation driven by the inexorably increasing
power of information technology”, it pre-
dicts that drugs will soon be selected on the
basis of an individual patient’s “digital pro-
file”, so treatments can be tailor-made to suit
them.

One of the book’s authors is Professor
Peter Coveney, director of the University
College London Centre for Computational
Science. He argues that the very fact of its
publication proves the discipline has moved
beyond theory and should be embraced by
doctors, some of whom remain sceptical.
“There’s something very significant that’s
going on,” he said. “It’s no longer just a
research activity, it’s getting to the stage

where one can write a textbook and say ‘this
is the way things work in this field’ without
being overly detailed and niche.”
Recent advances in computer-simulated
medicine were discussed last month at a con-
ference at the University of Sheffield, where
the Insigneo Institute was founded a year
ago. It comprises 123 academics and clini-
cians working towards a grand European
Commission-backed project known as the
Virtual Physiological Human: a comput-
erised replica of the human body that will
allow the virtual testing of treatments on
patients based on their own specific needs.
Professor Coveney describes this as “the
equivalent for the human body of Google
Earth. You could have your own personalised
body map… and you could be in charge of
managing that and interrogating it your-
self”, he said.

The creation of an entire virtual human is
still many years away. But scientists have
already managed to use images of a patient’s
heart to build virtual arteries, with which
they can accurately predict the effectiveness
of an operation, such as the insertion of a
stent used to treat heart disease. “It’s not all
going to happen overnight, it’s going to be
incremental. But you should be able to build
it up (so) that there are useful components of
it along the way,” Professor Coveney said of
the virtual human project. “As soon as you
start digitising, there are applications – it’s
not just all or nothing.”

One of Professor Coveney’s colleagues is
Derek Groen, a postdoctoral researcher
whose work concerns modelling the blood
flow in a patient’s brain. Tapping away on his
keyboard at UCL’s central London campus,
Dr Groen is able to communicate with
Archer, the UK’s most powerful supercom-
puter. Based at the University of Edinburgh,
it is capable of more than a million billion
calculations a second, allowing it to complete
the modelling of a patient’s blood flow with
ease. Although his PhD was in astrophysics,
Dr Groen said he preferred his current work
because it could directly benefit people in the
short term. “I feel that it’s very close to the
everyday experience of people and society in
general,” he said. “I’ve had people in my fam-
ily who were affected by strokes — my grand-
mother, for example, had one at a younger
age and another at an older age.

“That’s not directly why I’m doing this, but
what I do find interesting is... that you get to
speak to clinicians and collaborate with
them to try and figure things out. For me,
that’s very motivating.”
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hile RNA functions as a messenger that
guides the process of protein synthesis, the
exact nature of the triplet coding system

could be elucidated. Nucleotide triplets in mRNA,
called codons, are the actual coding units read by
the translational machinery during protein synthe-
sis. The four bases present in RNA are the purines
adenine (A) and guanine (G) and the pyrimidines
cytosine (C) and uracil (U), so the 64 triplet codons
consist of all 64 possible combinations of these four
“letters” taken three at a time. And since mRNA
molecules are synthesised in the 5’ 3’ direction
(like DNA) and are translated starting at the 5’ end,
the 64 codons by convention are always written in
the 5’ 3’ order.

These triplet codons in mRNA determine the
amino acids that will be incorporated during pro-
tein synthesis, but which amino acid does each of
the 64 triplets code for? The discovery that poly(U)
directs the incorporation of phenylalanine during
protein synthesis allowed Marshall Nirenberg and
Heinrich Matthei to make the first codon assign-
ment: The triplet UUU in mRNA must code for the

amino acid phenylalanine. Subsequent studies on
the coding properties of other synthetic homopoly-
mers, such as poly(A) and poly(C), quickly revealed
that AAA codes for lysine and CCC codes for pro-
line. (Because of unexpected structural complica-
tions, poly(G) is not a good messenger and was not
tested.)

After the homopolymers had been tested, poly-
nucleotide phosphorylase was used to create copoly-
mers containing a mixture of two nucleotides, but
the results were more difficult to interpret. For
example, the copolymer synthesised by incubating
polynucleotide phosphorylase with the precursors
CTP and ATP contains Cs and As, but in no pre-
dictable order. Such a copolymer contains eight dif-
ferent codons: CCC, CCA, CAC, ACC, AAC, ACA,
CAA and AAA. When this copolymer was used to
direct protein synthesis, the resulting polypeptides
contained six of the 20 possible amino acids. The
codons for two of these (CCC and AAA) were known
from the homopolymer studies, but the other four
could not be unambiguously assigned.

Further progress depended on an alternative
means of codon assignment devised by Nirenberg’s
group. Instead of using long polymers, they synthe-
sised 64 very short RNA molecules, each only three
nucleotides long. They then conducted studies to
see which amino acid bound to the ribosome in res-
ponse to each of these triplets. (In such experim-
ents, tRNA molecules actually carry the amino
acids to the ribosome.) With this approach, they
were able to determine most of the codon assign-

ments.
Meanwhile, a refined method of

polymer synthesis had been dev-
ised in the laboratory of H Gobind
Khorana. His approach was simi-
lar to that of Nirenberg and
Matthei, but with the important
difference that the polymers he
synthesised had defined sequen-
ces. Thus, he could produce a syn-
thetic mRNA molecule with the
strictly alternating sequence
UAUA... Such an RNA copolymer
has only two codons, UAU and
AUA, and they alternate in strict
sequence. When Khorana added
this particular RNA to a cell-free
protein-synthesising system, a
polypeptide containing only tyro-
sine and isoleucine was produced.
He was, therefore, able to narrow
the possible codon assignments for
UAU and AUA to these two particu-
lar amino acids. When the results
obtained with such synthetic poly-
mers were combined with the find-
ings of Nirenberg’s binding stud-
ies, most of the codons could be
assigned unambiguously.
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Faster than light
Believe it or not, the National
Aeronautics and Space Administration
is serious about creating faster-than-
light travel and have released a new
batch of concept images showing
exactly what a spacecraft equipped with
a star-hopping warp drive might look
like. Created in collaboration between
Dutch artist Mark Rademaker and Nasa
physicist Dr Harold White, the
illustrations show a craft powered by an
Alcubierre Drive — a hypothetical
engine that was first suggested in 1994
as a way of achieving faster-than-light
speeds.

Alcubierre’s device worked by
distorting space-time, expanding the
space behind a ship and contracting the
space in front of it to create a “warp
bubble” that essentially moves space
and time around the object, rather than
actually accelerating the craft to
impossible speeds. For all its craziness,
physicists conceded that such a warp
drive might be theoretically possible but
that it would require staggering
amounts of power – something
equivalent to the mass-energy of
Jupiter, a planet 317 times the mass of
earth.

However, in 2012 Dr White announced
that he had managed to finesse
Alcubierre’s original plans to reduce the
amount of mass-energy needed from
that of a gas giant to a spacecraft the
size of the Voyager 1 — and, even more
surprisingly, that he was working with a
team from Nasa to further develop his
ideas. Unfortunately none of this really
brings the idea of a working Alcubierre
Drive any closer, not least because the
design rests on being able to use
something called “exotic matter” as fuel.
This all means that even Dr White —
one of the most optimistic scientists
when it comes to the warp drive — will
only comment on the possibility of
faster-than-light travel by saying “the
field equations predict that this is
possible, but it remains to be seen if we
could ever reduce this to practice”.
Nevertheless, it seems Nasa is happy to
fuel people’s imaginations instead, and
looking at the concept images it’s
impossible not join in — and hope a
little.
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Need a hand? 
While most research into robotic limbs
focuses on replacing lost arms or legs, a
group of engineers from the
Massachusetts Institute of Technology
has imagined a future where anyone can
strap on an extra pair of arms when
they need a helping hand. Their
creations are known as SRLs — or
Supernumerary Robotic Limbs.
“Imagine that one day humans will have
a third arm and a third leg attached to
their body,” writes the team from the
d’rbeloff Laboratory for Information
Systems and Technology. “The extra
limbs will help them hold objects,
support the human body, share a
workload, and streamline the execution
of a task.

“If the movements of such
supernumerary limbs are tightly
coupled and coordinated with their
arms, the human users may come to
perceive the extra limbs as an extension
of their own body. The goal of our work
is to build a co-robot that becomes a
functional extension of the human
body.”

Current prototypes for
supernumerary limbs weigh
just 4.5 g, strapping around

the waist and shoulders
like a backpack, while the
robotic arms

reach
over the

users’ shoulders.
Videos show them being
used in construction-like

situations (Boeing has been
sponsoring some of the

research, wanting to protect their
ageing workforce from injury) with the
limbs holding up a sheet of material to
the ceiling while the wearer screws it in
place.

Researchers in the same lab are
working on a similar rig where the arms
are placed at waist height, allowing
them to brace the wearer against either
the floor or a facing wall. The latter
could be useful when using, say, a
powerful drill — although the
researchers have suggested more
mundane functions such as opening a
door when the wearers’ hands are full.
The difficulty for engineering the arms
is, of course, getting them to do what the
user wants intuitively. Current
prototypes simply mimic what the user
is doing by monitoring to sensors worn
the wrist, but researchers say they’re
testing different “behavioural modes” to
make the limbs more helpful. As long as
there’s not one labelled “comic book
supervillain”.
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Error  tracking  in  quantum
computing
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This seven-ion system applied for encoding one logical quantum bit can be used as a building block for
much larger quantum systems. The bigger the lattice, the more robust it becomes.

Character in binary     Codes as      with the help of the scheme:

H 1001000
a  1100001
m 1101101
m 1101101
i    1101001
n   1101110
g  1100111

0100000
C  1100011
o  1101111
d  1100100
e  1100101  

00110010000
10111001001
11101010101
11101010101
01101011001
01101010110
11111001111
10011000000
11111000011
00101011111
11111001100
00111000101  

‘H’; 1001000 is written as _ _ 1 _001 _0 0 0 with _ for the check bits.
Position: 1 2 3 4 5 6 7 8 9 10 11

Now, the check bit in position 1 is where in checks for bits in the positions:
3 (as 2+1), 5(as 4+1), 7 (as 4+2+1), 9 (as 8+1) and 11 (as 8+2+1), The values at
these positions is: 1, 0, 1, 0, 0, which is an even number of “1s”. The check bit
at position 1 is hence set at “10”, to give even parity.
Bit in position 2 checks for bits in positions: 3, 6, 7, 10 and 11. The values at
these position are: 1, 0, 1, 0, 0, 0, which is an even number of “1”. The check bit
at position 2 is hence set at “0”.
Bit in position 4 checks for bits in positions: 5 ,6, 7, where the values are
0, 0, 01, an odd number of “1s”. The check bit is hence set as “1”
and so on.
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Real-time  techniques
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Modelling a patient’s bloodflow on a supercomputer
could throw up ethical dilemmas

A vector graphics image that shows which base sequence encodes which amino acid.

A zoomed out illustration of the faster-than-light craft.
The donut-like bands are what would be used to create
the warp bubble in which it would travel. 
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