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Ant	Colonies



E.	O.	Wilson
Harvard	University

Evolution	of	Altruism	(compare	Axelrod	and
The	prisoners	dillema)

Is	Altruism	a	Nash	Equilibrium?

Ant	defection.

Ants	evolved	from	wasps	about	100	million	years	ago.

There	are	an	estimated	22,000	species.

Deborah	Gordon
Stanford	University
Compares	ant	foraging
To	TCP/IP	throttling
(Desert	Harvester	and	
Argentine	Ants)

Bert	Hölldobler
University	of	Würtzburg

The	Superorganism:	The	Beauty,	
Elegance,	and	Strangeness	of	
Insect	Societies

The	Ants

Insect	Societies



10	quadrillion	ants. 7	billion	humans.



Queen	ants	are	the	founders	of	all	colonies.	Once	mated,	she	can	stay	fertilized	for	many	years	laying	millions	of	eggs.
Some	queens	can	lay	thousands	of eggs	each	day.	They	really	are	egg	laying	machines.	In	some	species	live	up	to	30	years.
Some	species	have	multiple	queens.

http://antark.net



Worker	ants	are	sterile	females.	Can	live	up	to	5	years.	In	Pogonomyrex sp.	the	jobs	the	workers	do	depnd on	age	not	caste.



Mate	with	a	drone	during	the	nuptual flight.	Stores	enough	sperm	for	the	rest	of	her	life.	Her	job	is	to	find	a	good	place
For	the	colony,	clip	her	own	wings	off	and	burrow	as	quickly	as	possible.	Once	underground	she	starts	producing	workers.



These	are	the	only	males	in	the	colony.	Males	are	haploid	(only	one	set	of	chromosomes).	Leave	the	colony	during	
the	nuptual flight	and	then	die.	





This	depends	on	all	the	offspring	of	the	queen	resulting	from	a	single	mating.



This	depends	on	all	the	offspring	of	the	queen	resulting	from	a	single	mating.









Cooperation

• Most	ants	use	chemical	signals	to	mark	divisions	between	colonies.
• Argentine	ants	create	multiple	nests.	
• Humans	accidently	transported	colonies	of	ants	from	South	America	
around	the	world

• .	Since	there	were	no	other	Argentine	ant	colonies	to	compete	with	
those	founder	ants	have	expanded	one	giant	colony	in	each	region.

• These	are	called	super	or	mega-colonies.



Van Wilgenburg, Ellen, Candice W. Torres, and Neil D. Tsutsui. "The global expansion 
of a single ant supercolony." Evolutionary Applications 3.2 (2010): 136-143.

The	largest	of	these	Argentine	ant
Supercolonies is	6,000	km	long
(Europe).





















































Problem	we	are	trying	to	solve:	Central	Place	Foraging



nasaswarmathon.com

‘Living	off	the	land’	-
Mars	2030

Managed by UNM, 40 colleges 
and universities competed
Build ~100 robots so far…







Ant	Colony	Optimisation	
(ACO)











Carlo	Dorigo’s PhD	Thesis	(1992)



The	amount	of	pheromone	on	edge	(i,j)



The	amount	of	pheromone	on	edge	(i,j)

The	attractiveness	of	an	edge	other	than	pheromone	level.
(Distance	to	city)



and					tune	the	relative	importance	of
pheromone	and	local	information.

How	does	this	relate	to	GAs	and	the	mutation	rate?	

↵ �



Probability	of	ant	following	edge	(i,j)





























https://www.youtube.com/watch?v=eVKAIufSrHs



https://www.youtube.com/watch?v=eVKAIufSrHs



The	Immune	System



Introduction

• Immune	systems	protect	the	body	against	foreign	pathogens
• Viruses
• Bacteria
• Parasites

Downloaded	from	micro.magnet.fsu.edu (2010)



A	Brief	Introduction	to	the	Immune	System	

• Cells	and	molecules
• Recognition	implemented	as	binding
• Specific	recognition	to	avoid	autoimmunity

Infect Recognize Eliminate
http://wires.wiley.com/WileyCDA/
WiresArticle/wisId-WNAN1195.html



An	Information	Processing	Perspective

• Immune	systems	learn to	recognize	relevant	patterns:
• Primary	response	to	new	foreign	antigen
• Evolved	biases	towards	common	pathogens
• Learned	distinction	between	self	and	dangerous	other

• Immune	systems	remember patterns	seen	previously
• Secondary	response
• Cross-reactive	memory

• Combinatorics to	construct	pattern	detectors
• 1011 – 1016 different	foreign	patterns	from	30,000	genes

• Massive	parallelism and	distributed control



• Innate	response
• Generic
• Inflammation

• Adaptive	response
• Specific
• Self-tolerant
• Learning,	memory

Downloaded	from	daviddarling.info,	2010



How	is	it	implemented?

Lymph	Nodes	distributed	throughout

Thymus



Peripheral	Tissue
Drains	from	lymphatic	channels Infected	Cell

Naïve	T	cell

Activated	T	cell

Dendritic	Cell

Blood	Vessels

Drain	to	other	lymph	
nodes	and	blood	vessels

Naïve	T	cell
Source

(Thymus)

Antigen



Peripheral	Tissue
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Detection
Lymphocyte	Binding	and	Cross-reactivity

receptor

low	affinity
lymphocyte

structurally	similar	
high	affinity



B-cells	and	T-cells



Antigen



Fundamental	Modeling	Abstraction



How	does	the	I.S.	make	so	many	different	
receptor	patterns?

• Recombination	of	gene	
fragments

• Junctional diversity
• Diploid	genetics
• Somatic	mutation



Generation	of	Diversity	in	Antigen	Receptors
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How	much	diversity?



How	does	the	I.S.	make	a	diverse	set	of	
receptors	that	avoids	autoimmunity?

• Clonal	Selection	Theory
• Believed	that	any	correct	theory	must	explain:

• How	antigen	selects	correct	specificity
• Why	only	a	single	specificity	is	produced
• How	self	tolerance	is	maintained
• Why	second	response	to	same	antigen	is	so	much
• larger	than	the	first

Frank	Macfarlane	Burnet
Nobel	Prize,	1958



Clonal	Selection	Theory
• Each	lymphocyte	is	a	unique	
clone	with	its	own	specificity

• Negative	selection
• If	an	immature	lymphoctye
binds	Ag*,	it	dies

• Mature	pool	of	cells	
represents	those	that	did	not	
bind	to	Ag	during	
development

• A	mature	lymphocyte	is	
stimulated	to	divide	when	it	
encounters	Ag*	

• Clonal	expansion

Immature T-cellsin the thymusSelf proteinsThose that bind, dieself-tolerantT-cell death

*Ag	stands	for	antigen.



Negative	Selection



Positive	and	
Negative	Selection



Clonal	Expansion
• B-cells	compete	for	antigen

• Affinity	(binding	strength)
• Avidity	(average	affinity	over	all	)

• Proliferation	phase	in	LN
• Somatic	hypermutation

*	=	Antigen



Managing	the	Immune	Response

• How	does	the	immune	system	know	what	to	respond	to?
• How	does	the	immune	system	choose	the	type	of	response?
• How	does	the	immune	system	adjust	the	magnitude	of	response?
• How	does	the	response	terminate?

• Experimentalists	generally	focus	on	the	specific	cell	and	molecule	
types	required

• A	more	abstract	view	focuses	on	general	pattern	matching	and	
distributed	control	principles



Managing	the	Immune	Response

• Complex	network	of	signaling	molecules,	called	cytokines
• Interleukin,	interferon,	etc.

• Every	cytokine	type	affects	multiple	cells
• ~100	different	cytokine	types

• Every	function	(immune	response)	is	affected	by	multiple	cytokines
• Immune	cells	secrete	a	mixture	(vector)	of	cytokines
• Signals	are	molecules,	and	therefore	distributed	(locally)	by	diffusion
• Signals	can	be	subverted	(e.g.,	viruses	can	evolve	to	avoid	or	interfere	with	
cytokines,	e.g.,	by	blocking	receptors),	so	there	is	an	evolutionary	pressure	
towards	robust,	secure	networks

• Current	state	of	knowledge
• Many	points	of	light
• No	systematic	theory



Managing	the	Immune	Response

• Complex	network	of	signaling	molecules,	called	cytokines
• Interleukin,	interferon,	etc.

• Every	cytokine	type	affects	multiple	cells
• ~100	different	cytokine	types

• Every	function	(immune	response)	is	affected	by	multiple	cytokines
• Immune	cells	secrete	a	mixture	(vector)	of	cytokines
• Signals	are	molecules,	and	therefore	distributed	(locally)	by	diffusion
• Signals	can	be	subverted	(e.g.,	viruses	can	evolve	to	avoid	or	interfere	with	
cytokines,	e.g.,	by	blocking	receptors),	so	there	is	an	evolutionary	pressure	
towards	robust,	secure	networks

• Current	state	of	knowledge
• Many	points	of	light
• No	systematic	theory Compare	to	the	foraging	

strategies	of	ants



Modeling	the	Immune	System

• Intracellular
• Organ
• Systemic



Approaches	to	Modeling	Immune	Systems

• Differential	equations
• Each	equation	describes	the	concentration	of	a	different	antibody/cell	type

• Molecular	dynamics	simulations
• Agent-based	models

• E.g.,	cellular	automata,	genetic	algorithms,	and	Smith’s	B-cell	model

• Focus	on	informational	aspects	of	immune	systems



Artificial	Immune	Systems



Immune System Models
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Mapping

Immune	System
• Lymphocytes	(b-cells,	t-cells,	
antibodies)

• Pathogens	(antigens)
• Proteins	(nucleic	acids)
• Inter-molecular	binding
• Antibody/pathogen	binding

Computer	Science
• Detectors

• Intruders,	foreign	code
• Strings
• Partial	string	matching
• Pattern	matching



Example	AIS	Application	Areas

• Data	mining	and	clustering
• Computer	security
• Other	anomaly	detection	problems
• Fault	isolation	and	tolerance
• Recommenders	and	filterers
• Robotics
• Data	storage



Hofmeyr, Steven A., and Stephanie 
Forrest. "Architecture for an artificial immune system."
Evolutionary computation 8.4 (2000): 443-473.

Aickelin, Uwe, Dipankar Dasgupta, 
and Feng Gu. 
"Artificial immune systems."
Search Methodologies. Springer 
US, 2014. 187-211.


