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1. Introduction — a. What are complex systems?

» Any ideas?
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The School of Rock (2003)
Jack Black, Paramount Picfures



1. Introduction —a. What are complex systems?

Few agents, “simple” emergent behavior

—> ex: two-body problem

v"fully solvable and regular trajectories for inverse-square force laws
(e.g., gravitational or electrostatic)

Fia(x1,X2) = m1Xy ( Equation 1)

F?l(xl,}{g) = MoXao ( Eguation 2)

Two bodies with similar mass Two bodies with different mass
Wikimedia Commons Wikimeaia Commons



1. Introduction — a. What are complex systems?

» Few agents, complex emergent behavior
— ex. three-body problem

v"generally no exact mathematical solution (even in “restricted” case
my ({ my ~m;). must be solved numerically — chaotic trajectories

Transit orbit of the planar circular restricted problem

i i Fueire b arhapiced] Inpuae e
NetLogo model: /Chemistry & PhysicsiMechanics/Unverified Scholarpedia: Three Body Problem & Joachim Kappen Kiel's applet




1. Introduction —a. What are complex systems?

» Many agents, simple rules, “simple” emergent behavior
—> ex: crystal and gas (covalent bonds or electrostatic forces)

v" either highly ordered, regular states (crystal)

v"or disordered, random, statistically homogeneous states (gas):
a few global variables (P, V, T) suffice to describe the system

Diamond crystal structure
Tonci Babc-Zunic, Universily of Copenhagen

NetLogo model: /Chemistry & Physics/GasLab |sothemnal Piston




» Many agents, simple rules, complex emergent behavior

— ex: céellular automata, pattern formation, swarm intelligence (insect
colonies, neural networks), complex networks, spatial communities

v' the “clichés” of complex systems: a major part of this course and
NetLogo models
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1. Introduction —a. What are complex systems?

Activator HOW?

Inhibitor

concentration

distance from D cell
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2. A Complex Systems Sampler

b. Pattern formation -

Possible mechanism (schematic)

Activator :
» development of spots and stripes on

Inhibitor mammal fur

concentration

» melanocytes (pigment cells) can be
distance from D cell undifferentiated “U”, or differentiated “D”

|

! » only D cells produce color — they

! diffuse two morphogens, activator “A”
and inhibitor “I”

» heighboring cells differentiate or not
according to:

» short-range activation
* |ong-range inhibition

David Young’s model of fur spots and stripes :" a ClaSS|Ca| case Of !’eaCﬁon-dffoSf"Oﬂ

(Michael Frame & Benoit Mandelbrot, Yale University)



2. A Complex Systems Sampler

b. Pattern formation -

NetLogo model: /Biology/Fur

o
¥

NetLogo fur coat simulation, after David Young’s model
(Ui Wilensky, Northwestern University, IL)

Modeling & simulation

» example of cellular
automaton

» each cell has 2 states:
= “pigmented” (black)
= “undifferentiated” (white)

Cf.netlogo

» each cell's state is updated by:

counting pigmented neighbors
within radius 3 (they contribute to
activation)

counting pigmented neighbors
between radius 3 and 6 (they
contribute to inhibition)

calculating weighted vote



2. A Complex Systems Sampler

b. Pattern formation -

Concepts collected from this example
» simple microscopic rules

» emergence of macroscopic structures
(spots >> cells)

» self-arranged patterns (random, unique)

» amplification of small fluctuations
(positive feedback, symmetry breaking)

» local cooperation, distant competition
(cell <> cell)



1. Introduction —a. What are complex systems?

» Complex systems in this course

* |arge number of elementary agents interacting locally

*  (more or less) simple individual agent behaviors creating
a complex emergent, self-organized behavior

*  decentralized dynamics: no master blueprint or grand
architect

the brain

78 pattern
M formation & cognition
B O = matter O = neuron

insect

colonies

O = ant , : ’ E



)’Macaue g &

N\
o R Souris
- Scm ’ s




aire motrice

lobe frontal aire sensorielle
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aire visuelle
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aire de Broca ¢
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