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Swarm Intelligence 

Swarm Intelligence: ñAny attempt to design 

algorithms or distributed problem-solving devices 

inspired by the collective behavior of social insect 

colonies and other animal societies.ò [Bonabeau, 

Dorigo, and Theraulaz, 1999] 

 

Biological Inspiration : social insects (ants, bees, termites) flocks of 

birds, herds of mammals, schools of fish,  packs of wolves,  

pedestrians, traffic. 

Emergence: seemingly intelligent reliable global behavior (nest 

building, foraging, defending the nest, flocking and herding) 

emerges from the collective actions of simple, unintelligent , and 

unreliable local, distributed, agents. (Neurons per ant 300K x 106 in 

colony = 3*1011 , Honeybee 850K x 105 = 8.5*1010, Humans 1012) 

 Engineering Motivation: Can we use these principles to achieve 

intelligent behavior from simple distributed low intelligence 

robots? 

Caltech EE151: Swarm Intelligence Course, 2000-2005, 

Instructors:  Rod Goodman, Alcherio Martinoli, Owen Holland 



Old and New 

Peter Miller, National Geographic July 2007 

ñWhat is it that 

governs here? What 

is it that issues 

orders, foresees the 

future, elaborates 

plans, preserves 

equilibrium?ò 
1901 

http://upload.wikimedia.org/wikipedia/commons/b/b7/Maurice_Maeterlinck.jpg


 The Hope: An Underlying Methodological Framework 

Networks of Sensors 

Pedestrians 
Multi -robot systems 

Schools of Fish 

Social insects Traffic systems 

? 

Flocks of Birds 



Outline 
ÅUnderstanding SI 

ïNatural examples 

ïPrinciples 

 

 

ÅModeling SI 

ïFrom Natural Behaviors to 

Algorithms 

 

 

ÅEngineering SI 

ïRobotics 

 

 

Caltech Collective Robotics Lab Robots: 

MooreBots, Kephera, Alice 



Swarm Intelligence ð 

Natural Examples  



Leaf CutterAnts 

ÅCut and transport leaves, to - 

ÅFeed to a fungus, which they 

cultivate, which - 

ÅBreaks down toxins in the 

leaves and produces a mulch 

rich in sugars, which - 

ÅThey eat. 

ÅThe first agriculture? 



An Ant Bridge 

ÅA lesson in self-sacrifice! 



Wasp Nest Construction 

© Guy Theraulaz, UPS, 1999 

A queen starting 

construction of a new nest. 



Fish Schooling 

Å Anchovies at the Monterey Aquarium, California 



Bird Flight Formation 



Pedestrian Swarms 

NEW YORK Street Crossing ©DMNikas 



Swarm Intelligence - 

Principles  



Characteristics of SI systems 

ÅIntelligent global behavior emerges through the 

collective actions and interactions of many simple 

individuals. 

ÅEach individual: 

ïFollows simple probabilistic behavioral rules, triggered 

by sensory stimuli 

ïHas very limited ñintelligenceò 

ïHas limited local information 

ïSelf-organizes with no global external control 

ïUtilizes Stigmergy as a means of indirect 

communication via the environment 

ïUtilizes Stigmergy to store ñstateò in the environment 

 



The Ingredients of Self - Organization 
ÅPositive feedback ï results in growth, choice, reinforcement 

ïe.g. recruitment to a food source : pheromone trails in ants, waggle dance 

in bees. 

ïe.g. attraction to a task: pheromone build-up from dead ants triggers nest 

cleaning. 

ÅNegative feedback - counteracts and stabilizes positive feedback 

ïe.g. pheromone evaporation on trails 

ïe.g. saturation, exhaustion, or competition in foraging for food 

ÅRandomness ï results in new discovery,  adaption 

ïAmplification of fluctuations: random walks, errors, random task-

switching. 

ïe.g. ñlost foragersò discover new food source, start recruiting. 

ÅMultiple interactions 

ïAllows robust global structure to emerge through self-organization and the 

reinforcement of many probabilistic individual actions. 

 



Stigmergy 
       Grassé P. P., 1959 

Å Was introduced by Pierre-Paul Grasse in the 1950's to 

describe the indirect communication taking place 

among individuals in social insect (termite) societies.  

Å ñLa coordination des taches,  éé                           

The coordination of tasks and the regulation of 

constructions does not depend directly on the 

workers, but on the constructions themselves. The 

worker does not direct his work, but is guided by it.  

Å Hence: STIGMERGY  (stigma, prick, sting, mark; 

ergon, work, product of labor = hence stimulating 

product of labor) 

Å Stigmergy occurs when an insectôs actions are 

determined or influenced by the consequences of 

another insectôs previous actions. 
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