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grows exponentially, and 1t rapidly be-
comes impractical to find the best solu-
tion. This problem is related to many
optimization problems such as minimizing
costs and maximizing efficiency.

Hopfield and Tank’ show that a suitably
designed neural network can compute a
good estimate of the best solution. When
checked. it is not the best solution but it is
quite close to the best and can be com-
puted quickly. Their technique is to
arrange the system so that only allowable
solutions to the problem can occur. For
example, if the city is visited eighth on the
circuit, then no other city can also be
visited eighth. When one city is chosen for
that position on the trip, it inhibits all the
other candidates for the eighth position.
No city can be visited twice, so if a city is
chosen for one position on the route, it
inhibits its potential appearances in other
positions on the route. Hopfield and Tank
constructed the connection strengths and
the energy function so that as the state of
the network evolves, the states corres-
ponding to routes with small total distance
grow at the expense of other routes. If the
initial state of the system is random, the
final state of the system corresponds to a
route with a small total distance and is an
allowable route. If the computation is
repeated a few times with different initial
states, the best solution is close to the
actual solution of the problem. For many
practical applications, this is good enough
to be satisfactory.

But special algorithms for this problem
are able to get better and faster estimates,
and DECtalk works. So why bother with
NETtalk and its potential descendents?
One reason is that these two quite differ-
ent problems are solved with techniques
that are basically that same: interconnect-
ed sets of simple elements coupled with
modifiable connections. Special-purpose
hardware built to make one compute
quickly will make the other compute
quickly as well. Also, the algorithms for a
network computation are highly parallel,
that is, all the elements are computing
their outputs simultaneously. Network
computations are therefore well suited for
parallel computers. For example, optical
hardware, with its high speed, low pre-
cision, parallelism and high interconnec-
tivity, is an excellent match for the
requirements of network computations.
Several groups are now building special-
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purpose parallel hardware specifically for
networks.

Once the hardware becomes available,
it can be used for a wide range of problems,
from optimization to learning rules for
natural language, with only minor
changes. Connectionist models may not
give the best or fastest answer to any
particular problem but will come up with a

pretty good answer quickly. It is this
potential flexibility and speed that makes
practical applications so attractive. The
brain may show similar computational
flexibility and power for similar reasons. 0
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Physiology

Chloride 1ons and cystic fibrosis

from Maynard Case

Cvystic fibrosis, a lethal inheritable dis-
ease, seems to involve defective transport
of chloride ions across epithelia. Such a
defect could be caused by an alteration in
the number, characteristics or regulation
of Cl channels in the plasma membrane
of epithelial cells. Three recent articles'™,
one of which appears on page 467 of this
issue , suggest it is the regulation of CI™-
channel activity that is at fault.

The conventional electrophysiological
studies on sweat gland ducts’ and airway
epithelia® (which are both affected in cystic
fibrosis) point conclusively towards the in-
volvement of decreased Cl™ transport in
the pathophysiology of this disease. The
nature of this transport defect has now
been studied independently by Welsh and
Licdtke'” and by Frizzell er al.” using
patch-clamp techniques.

The two groups have studied primary
cultures of tracheal epithelial cells from
normal subjects and cystic fibrosis
patients and have recorded both from in-
tact cells and excised, inside-out mem-
brane patches. They both describe the
presence of Cl -selective channels on the
apical membrane of these epithelial cells
but under similar experimental condi-
tions, Welsh and Liedtke observe only
one type of channel whereas Frizzell et al.
detect two channels. Also, the channel
described by Welsh and Licdtke scems to
be insensitive to Ca™ but those described
by Frizzell et al. are both Ca™ -sensitive.

Despite these apparent and important
differences in the characteristics of the
channels, which might perhaps reflect dif-
ferences in tissue culture technique, the
major findings of the two studies are simi-
lar. First, during recording from intact
cells, Cl -channel activity can be elicited
by adrenaline or cyclic AMP in normal but
not cystic fibrosis cells; and second, in
excised patches, the biophysical proper-
ties and kinetic behaviour of the channels
are identical in both cell types. This sug-
gests that the problem in cystic fibrosis
relates not to the presence or absence of
the Cl” conductance but to the regulation
of this conductance by a cyclic AMP-
dependent process.

Although both studies describe differ-

©1986 Nature Publishing Group

ences between normal and diseased cells
only about half the intact normal cells re-
spond to stimulation by opening Cl -chan-
nels whereas all excised patches from
normal and diseased cells show activity.
This may indicate active inhibition of the
CI” channel so that excising the patch or
stimulating the cell removes some sort of
brake. If so, perhaps the brake-release
mechanism is at fault in cystic fibrosis.
Alternatively, there could be two popu-
lations of epithelial cells in normal sub-
jects, but only one in cystic fibrosis
patients.

These articles refocus our attention on
the pathway generating cyclic AMP, but
as adrenaline causes the normal accumu-
lation of cyclic AMP in cultured airway
cells from cystic fibrosis patients, presum-
ably the defect lies downstream from
cyclic AMP generation itself. If a cyclic
AMP-dependent pathway is involved in
the disease, this may help to explain the
effects of the disease on the pancreas
— another prime target.

Secretion in the pancreas occurs across
both acinar and ductal epithelia. Whereas
the former is controlled by Ca**-mobiliz-
ing agonists (cholecystokinin and acetyl-
choline), secretion across the ducts is con-
trolled by secretin, which seems to act
exclusively via cyclic AMP. Hence these
studies on airway epithelia support the
hypothesis that pancreatic ductal se-
cretion is faulty in the disease. However,
as cystic fibrosis is thought to be associ-
ated with defective Cl™ secretion, it has
always been a problem to explain why an
epithelium lining the pancreatic ducts that
secretes HCO7, rather than C17, should be
affected (although this HCO, secretion is
Cl™-dependent). If the fault lies in the
regulation of the anion channel rather
than the channel itself, as this recent work
suggests, thisobjectionis overcome. [
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