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Using ants and other social insects as models, computer scientists have

created software agents that cooperate to solve complex problems, such

usy telecom network

nsects that live in colonies—ants,
bees, wasps, termites—have long

fascinated everyone from naturalists

= to artists. Maurice Maeterlinck, the
Belgian poet, once wrote, “What is it that governs here? What is it that

issues orders, foresees the future, elaborates plans and preserves equi-
librium?” These, indeed, are puzzling questions.

4 Each insect in a colony seems to have its own agenda, and yet the
g’féup as a whole appears to be highly organized. Apparently the seamless
’tiégration of a]l individual activities does not require any supervision. In

fact, scientists who study the behavior of social insects have found that
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FOOD

PHEROMONE TRAILS enable
ants to forage efficiently. Two
ants leave the nest at the same

time (top), each taking a differ-
ent path and marking it with
pheromone. The ant that took
the shorter path returns first
(bottom). Because this trail is
now marked with twice as much
pheromone, it will attract oth-
er ants more than the longer

route will.

then exploit the farther source.

SIMULATION DONE IN STARLOGO, COURTESY OF MITCH RESNICK MIT Media Lab

NETWORK TRAFFIC can be
rerouted on the fly with soft-
ware agents that mimic ants.
A transmission that needs to
travel from A to B must go
through a number of inter-
mediate nodes. If a portion of
the shortest path (orange)
between the two locations is congested, the system must redirect
the transmission through an alternative (green). Software agents
can perform this rerouting automatically in a manner that is simi-
lar to how ants raid different food sources (illustration above). In
the analogy,a congested path is like a depleted food source.
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DIFFERENT FOOD SOURCES are raided
sequentially because of pheromone
evaporation. In this computer simula-
tion, three identical sources of food are
located at unequal distances from a
nest. After foraging randomly (a), the
c ants begin to raid the food sources
that are closest (b, c). As those supplies
dwindle, the concentration of phero-
mone along their trails decreases
through evaporation (d). The ants will

BRYAN CHRISTIE

cooperation at the colony level is largely self-organized: in
numerous situations the coordination arises from interac-
tions among individuals. Although these interactions might
be simple (one ant merely following the trail left by another),
together they can solve difficult problems (finding the short-
est route among countless possible paths to a food source).
This collective behavior that emerges from a group of social
insects has been dubbed “swarm intelligence.”

Recently a growing community of researchers has been de-
vising new ways of applying swarm intelligence to diverse
tasks. The foraging of ants has led to a novel method for
rerouting network traffic in busy telecommunications sys-
tems. The cooperative interaction of ants working to trans-
port a large food item may lead to more effective algorithms
for robots. The way in which insects cluster their colony’s
dead and sort their larvae can aid in analyzing banking data.
And the division of labor among honeybees could help
streamline assembly lines in factories.

Virtual Foraging

é % ne of the early studies of swarm intelligence investigated
./ the foraging behavior of ants. Jean-Louis Deneubourg of
the Free University of Brussels and his colleagues showed that
the ant “highways” often seen in nature (and in people’s
kitchens) result from individual ants exuding pheromone, a
chemical substance, that attracts other ants. Deneubourg, a pi-
oneer in the field, also demonstrated that this process of laying
a trail of pheromone that others can follow was a good strategy
for finding the shortest path between a nest and a food source.

In experiments with the Argentine ant Linepithema humile,
Deneubourg constructed a bridge with two branches, one
twice as long as the other, that separated a nest from a food
source. Within just a few minutes the colony usually selected
the shorter branch. Deneubourg found that the ants lay and
follow trails of pheromone as they forage. The first ants re-
turning to the nest from the food source are those that have
taken the shorter path in both directions, from the nest to the
food and back. Because this route is the first to be doubly
marked with pheromone, nestmates are attracted to it.

If, however, the shorter branch is presented to the colony af-
ter the longer branch, the ants will not take it because the
longer branch has already been marked with pheromone. But
computer scientists can overcome this problem in an artificial
system by introducing pheromone decay: when the chemical
evaporates quickly, longer paths will have trouble maintain-
ing stable pheromone trails. The software ants can then select
a shorter branch even if it is discovered belatedly. This proper-
ty is highly desirable in that it prevents the system from con-
verging on mediocre solutions. (In L. humile, the pheromone
concentrations do decay but at a very slow rate.)

In a computer simulation of pheromone evaporation [see il-
lustration at left], researchers presented identical food sources
to an artificial colony at different distances from the nest. At
first the virtual ants explored their environment randomly.
Then they established trails that connected all of the food
sources to the nest. Next they maintained only the trails of the
sources closest to the nest, leading to the exploitation of those
supplies. With the depletion of that food, the software ants
began to raid the farther sources.

Extending this ant model, Marco Dorigo, a computer scien-
tist at the Free University of Brussells, and his colleagues have
devised a way to solve the famous “traveling salesman prob-

Swarm Smarts






