i A 2FT R T B o 3o SN b

PoCS | @poesvox
Why Complexify?

Why Complexify?

Principles of Complex Systems | @pocsvox Universality
CSYS/MATH 300, Fall, 2016 | #FallPoCS2016 i

The Big Theory

Final words

Prof. Peter Dodds | @peterdodds

For your
consideration

Dept. of Mathematics & Statistics | Vermont Complex Systems Center HARE

Vermont Advanced Computing Core | University of Vermont
&0y Gg\fu&ﬂyf\n\ }1 The
) B o X7 i@l UNIVERSITY
@ 15 @ L VACC 8y VERMONT

I @
L]
o

Licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License. .ljl)\\jl]}%&(%)l ]g}r | |

it TQ

DA 10f31


http://www.uvm.edu
http://www.uvm.edu/~pdodds
http://www.uvm.edu/~pdodds/teaching/courses/2016-08UVM-300
http://www.twitter.com/@pocsvox
http://www.uvm.edu/~pdodds
http://www.uvm.edu/~cems/mathstat/
http://www.uvm.edu/~cems/complexsystems/
http://www.uvm.edu/~vacc/
http://www.uvm.edu
http://www.uvm.edu/~pdodds
http://www.uvm.edu/~pdodds

B - AR

These slides are brought to you by: ‘ gl o

Why Complexify?

Universality

Sealie & Lambie
Productions

Symmetry
Breaking

The Big Theory
Final words

For your
consideration

References

18
UN‘IVERSITY I | b
o VERMONT

D> 20f31


http://www.uvm.edu
http://www.uvm.edu/~pdodds

e ATy <1 Ve B A PR et L R N

PoCS | @poesvox
Why Complexify?

- Outline "

Universality

o . S i
Universality Sradkie

The Big Theory
Symmetry Breaking Final words

For your
consideration

__ The Big Theory References

Final words

For your consideration

References

UN‘IVERSFI’Y I |
o VERMONT

D 30f31


http://www.uvm.edu
http://www.uvm.edu/~pdodds

¢ g, )~
THE PATHS oF
UNIVERSALITY

Symmetry 3
Breaking

The Big Theon;y
Final words ]

For your S
consideration

' References

[&<PoCS

Principles of
Coriplex Systems
@pocsvox
What's the Story? |

UNIVERSITY
o VERMONT


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Limits to what's possible:

The property that the macroscopic aspects of a system
do not depend sensitively on the system'’s details.
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Kadanoff's retrospective: “Innovations in Statistics
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Many-to-one mapping from micro to macro

Suggests not all possible behaviors are available
at higher levels of complexity.
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| Universality'

Sometimes details don't matter too much.
Many-to-one mapping from micro to macro

Suggests not all possible behaviors are available
at higher levels of complexity.

Universality means some things are fated.

How universal is universality?

What are the possible long-time states (attractors)
for a universe?
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understanding complex systems.
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evolution.
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Works for many very different ‘fluids”:

the atmosphere,
oceans,

blood,

the earth’s mantle,
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Navier-Stokes equations: micro-macro system
evolution.

The big three: Experiment + Theory + Simulations.

Works for many very different ‘fluids”:
the atmosphere,
oceans,
blood,
the earth’s mantle,
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Lattice gas models

Collision rules in 2-d on a hexagonal lattice:
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Lattice matters ...

No ‘good’ lattice in 3-d.
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Lattice gas models

=2l % z”
\ N

Lattice matters ...
No ‘good’ lattice in 3-d.

Upshot: play with ‘particles’ of a system to obtain
new or specific macro behaviours.
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Orchestrated? Or an accident of bees working
hard?
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“More is different” (%"

P. W. Anderson,
Science, 177, 393-396, 1972. 1"

Anderson (' argues against
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scientists are those working on
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Symmetry Bfeaking

[the more we know about] “fundamental laws, the
less relevance they seem to have to the very real
problems of the rest of science.”
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[the more we know about] “fundamental laws, the
less relevance they seem to have to the very real
problems of the rest of science.”

Scale and complexity thwart the constructionist
hypothesis.
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[the more we know about] “fundamental laws, the
less relevance they seem to have to the very real
problems of the rest of science.”

Scale and complexity thwart the constructionist
hypothesis.

Accidents of history and path dependence &'
matter.
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“Critical Phenomena in Natural
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by Didier Sornette (2003). !

Sciences

Page 291-292 of Sornette °/:
Renormalization = Anderson’s hierarchy.

But Anderson'’s hierarchy is not a simple one: the
rules change.
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“Critical Phenomena in Natural

by Didier Sornette (2003). !

Page 291-292 of Sornette °/:

Renormalization = Anderson’s hierarchy.

But Anderson'’s hierarchy is not a simple one: the
rules change.

Crucial dichotomy between evolving systems
following stochastic paths that lead to

(a) inevitable or (b) particular destinations (states).
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optionally involving spectacular amounts of data.

2. Describe what you see.

3. Explain it.

Unlocks our (limited) ability to: Create, predict, and control.
And be good people: Share.
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Branching networks (rivers,
cardiovascular systems).

Optimal (re)distribution networks
(hospitals, coffee shops, airlines,
post, Internet).

Structure detection for complex
systems.

Moar Contagion.

Random networks-arama.
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Organizational networks.

Deeper investigations of scale-free
networks.
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