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Limits to what's possible:

Universality (2"

& The property that the macroscopic aspects of a system

do not depend sensitively on the system’s details.
& Key figure: Leo Kadanoff(Z

& Kadanoff's retrospective: “Innovations in Statistics
Physics” [

Examples:
& The Central Limit Theorem:

1

—(x—p)?/20%
e T.
V2o

P(z;p,0)dz =

& Navier Stokes equation for fluids.

& Nature of phase transitions in statistical mechanics.

Universality

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

&5 Suggests not all possible behaviors are available
at higher levels of complexity.

& Universality means some things are fated.

Large questions:
&% How universal is universality?

&5 What are the possible long-time states (attractors)

for a universe?
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Fluid mechanics

&% Fluid mechanics = One of the great successes of
understanding complex systems.

<> Navier-Stokes equations: micro-macro system

evolution.

& The big three: Experiment + Theory + Simulations.
&> Works for many very different ‘fluids”:

&0 the atmosphere,
& oceans,
& blood,

& the earth’s mantle,

0 galaxies, ...

& and ball bearings on lattices ...?

Lattice gas models

Collision rules in 2-d on a hexagonal lattice:

ﬂ/
\.\.

L)

&> Lattice matters ...

<> No ‘good’ lattice in 3-d.
&> Upshot: play with ‘particles’ of a system to obtain
new or specific macro behaviours.

Hexagons—Honeycomb: ('

<% Orchestrated? Or an accident of bees working

hard?

&% See "On Growth and Form” by D'Arcy Wentworth

Thompson . 7]
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Hexagons—Giant's Causeway: (£

http://newdesktopwallpapers.info

Hexagons —Giant's Causeway: &

http://www.physics.utoronto.ca/

Saturn has a hexagon:

& One side is longer than Earth’s diameter (&'
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P. W. Anderson, N
Science, 177, 393-396, 1972.1"]

The Big Theory

Final words Final words
For your For your
& Graphene(" single layer of consideration consideration
carbon molecules in a perfect References References

& Anderson(4' argues against
idea that the only real
scientists are those working on

the fundamental laws.

& Symmetry breaking — different
laws/rules at different scales ...

hexagonal lattice (super strong).
& Chicken wire(@' ...

Aon 8 2006 study: “most creative physicist in the world" (& Rz @
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Symmetry Breaking

“Critical Phenomena in Natural

ritical | _Ton It gt ommmmmmm e
WSSl Sciences” @ (5

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.

&% Crucial dichotomy between evolving systems
following stochastic paths that lead to
(a) inevitable or (b) particular destinations (states).

More is different:

FIELDS arrancED By PORITY

————
MORE PURE
SOCIOLOGY IS PSYCHOLOGY IS BIOLOGY 1S WHICH 1§ JUsT OH, HEY, T DIDN'T
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PSYCHOLOGY  BIOLOGY: CHEMISTRY  ITS NCE'TO THE WAY OVER THERE.

BE ON TOR k

1% %9 9

SOCIOLOGISTS  PSYCHOLOGISTS  BICLOGISTS  CHEMISTS  PHYSICISTS MATHEMATICIANS

http://xkcd.com/435/ 2

A real science of complexity:

A real theory of everything anything:

1. Is not just about the ridiculously small stuff ...
2. It's about the increase of complexity

Symmetry breaking/

Accidents of history vs. Universality

& Second law of thermodynamics: we're toast in the
long run.

<& So how likely is the local complexification of
structure we enjoy?

&> How likely are the Big Transitions?
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Why complexify?

W. Brian Arthur,
Scientific American, 268, 92, 1993.[%]

<& Argues that evolution toward increased
performance brings a ratcheting cycle of
complexification and simplification.

< Jet engine replaced the complex piston engine and
then itself became more complex.

< Complexification = evolution of algorithms?
<% Differential equations and stories c Algorithms.

<& Life is a loaded word: The Search for
Extraterrestrial Algorithms (SETA)?

Why complexify?

Driving complexity's trajectory:

<> BigBang

< Randomness leads to replicating structures;
<% Biological evolution;

<% Sociocultural evolution;

< Technological evolution;

<& Sociotechnological evolution.

Complexification—the Big Transitions:

%, BigBang. & BigWord. <& BigScience.
& Big Random- <o Big Story. < Big Data.
ness. & Big <& Big Information.
& Big Number. & Big Algorithm.
Structure. < BigFarm. & Big Connection.
< Big &% Big God. <& Big Social.
Replicate. & BigMake. & Big Awareness.
< Big Life. & Big City. & Big Spread.
< BigEvolve. & BigCulture. & Big..?
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