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Swarm Intelligence

Stick pulling Swarm Intelligence ARAny attempt
in Lhe ant algorithms or distributed problesolving devices
Messor barbarus inspired by the collective behavior of social insec
col onies and ot Benabeaun i

Dorigo, andTheraulaz 1999]

Swarm Intelligence

Biological Inspiration : social insects (ants, bees, termites) flocks Of = From Natural to Artificial Systems

birds, herds of mammals, schools of fish, packs of wolves, TR Py
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Emergenceseemingly intelligent reliableglobal behavior (nest
building, foraging, defending the nest, flocking and herding)
emergedrom the collective actions of simple, unintelligent , and
unreliable local, distributed agents. Neurons per ant 300K x it
colony = 3*101, Honeybee 850K x P0- 8.5*10°, Humans 1&)
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Caltech EE151: Swarm Intelligence Course, 20005,
Instructors: Rod Goodman, Alcherio Martinoli, Owen Holla
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“TERRIFYING . . . IRRESISTIBLY SUSPENSEFUL.”
New York Times Book Review
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A Wh at s 1t t hat
governs here? What

IS it that issues

orders, foresees the

future, elaborates

plans, preserves

equil i brium?o

. OUT OF CONTROL

I % THE MNEW BID
OF MACH ES
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Outline
A Understanding S

I Natural examples
I Principles

A Modeling SI

I From Natural Behaviors to
Algorithms

Caltech Collective Robotics Lab Robots
MooreBots, Kephera, Alice

A Engineering Sl
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Swarm Intelligence
Natural Examples




Leaf CutterAnts

ACut and transport leaves, to
A-eed to a fungus, which they
cultivate, which

Mreaks down toxins in the
leaves and produces a muich
rich in sugars, which

Arhey eat.

Arhe first agriculture?



A A lesson in selsacrifice!

4




A queen starting
construction of a new nest.

© Guy Theraulaz, UPS, 1999




Fish Schooling
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Bird Flight Formation




Pedestrian Swarms
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swarm Intelligence
| Principles




Characteristics of Sl systems

A Intelligent global behavicemergeshrough the
collective actions and interactions of many simple
Individuals.

A Each individual:

I Follows simple probabilistic behavioral rules, triggered
by sensory stimuli

i Has very |1 mited nintell.
I Has limited local information

I Selforganizes with no global external control

|

- Utilizes Stigmergy as a means of indirect
communication via the environment

FTUti l1zes Stigmergy to sto
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The Ingredients of SelfOrganization

A Positive feedback results in growth, choice, reinforcement

I e.g. recruitment to a food source : pheromone trails in ants, waggle d:
In bees.

I e.g. attraction to a task: pheromone buwiftlfrom dead ants triggers nest
cleaning.
A Negative feedback counteracts and stabilizes positive feedba
I e.g. pheromone evaporation on trails
I e.g. saturation, exhaustion, or competition in foraging for food
A Randomness results in new discovery, adaption
I Amplification of fluctuations: random walks, errors, random task
switching.
i e.g. nNnlost foragerso discover n
A Multiple interactions

I Allows robust global structure to emerge through-eaifanization and the
reinforcement of many probabilistic individual actions.



Stigmergy

A Was introduced by Piereaul Grasse in the 1950's to
describe the indirect communication taking place
among individuals in social insect (termite) societies.

A iLa coordination des taches, é
Thecoordinationof tasks and the regulation of
constructions does not depend directly on the
workers, but on the constructions themselVés
worker does not direct his work, but is guided by it

A Hence'STIGMERGY (stigma prick, sting, mark;
ergon work, product of labor = hence stimulating
product of labor)

A Stigmergy occurs when an insectos a
determined or influenced by the consequences of
another iIinsectdbs previous actions.
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