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- 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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» The property that the macroscopic aspects of a system
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» Key figure: Leo Kadanoff(

» Kadanoff's retrospective: “Innovations in Statistics
Physics” 1]
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- Limits to what's possible:

» 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” [°!
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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.
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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.
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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?
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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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» Fluid mechanics = One of the great successes of
understanding complex systems.
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Fluid mechanics

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

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

>
>
>
>
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the atmosphere,

oceans,

blood,

galaxies,

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 gas models

Collision rules in 2-d on a hexagonal lattice:
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» Lattice matters ...
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» Lattice matters ...
» No ‘good’ lattice in 3-d.
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Lattice gas models

Sedr e
NS

» 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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- Hexagons—Honeycomb:

» Orchestrated? Or an accident of bees working
hard?
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“More is different” (%"

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

» Scale and complexity thwart the constructionist
hypothesis.

» Accidents of history and path dependence &
matter.
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“Critical Phenomena in Natural Sciences" &'

B8 by Didier Sornette (2003). ¥

Phenomena }

» 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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A “Critical Phenomena in Natural Sciences” &'

in Natural by Didier Sornette (2003). 4

» 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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“Why do things become more complex?” (£
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W. Brian Arthur,
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» 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.
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» Differential equations and stories C Algorithms.
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» Big Bang

» Randomness leads to replicating structures;
» Biological evolution;

» Sociocultural evolution;

» Technological evolution;

» Sociotechnological evolution.
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(Sir Terry) Pratchett’s(Z* Narrativium 2

» “The most common element on the
disc, although not included in the list
of the standard five: earth, fire, air,
water and surprise. It ensures that
everything runs properly as a story.”

> “Alittle narrativium goes a long way:
the simpler the story, the better you
understand it. Storytelling is the
opposite of reductionism: 26 letters
and some rules of grammar are no
story at all.”
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(Sir Terry) Pratchett's($' Narrativium (5

» “The most common element on the
disc, although not included in the list
of the standard five: earth, fire, air,
water and surprise. It ensures that
everything runs properly as a story.”

> “Alittle narrativium goes a long way:
the simpler the story, the better you
understand it. Storytelling is the
opposite of reductionism: 26 letters
and some rules of grammar are no
story at all.”

» “Heroes only win when outnumbered, and things
which have a one-in-a-million chance of succeeding
often do so.”
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Kurt Vonnegut on the shapes of stories: (4 Fcleree

Why Complexify? -

- The Shapes of Stories -
| by Kurt Vonnegut

urt Vonnegut galned worldwide
fame and adoration through the
publication af his novels, includ-

ing Slaughterhouse-Five, Cats Cradle,
Ereakifast of Champions, and more,

But it was his refectad master’s thesis in
anthropalogy that he calted his prettiest
contribution 1o his culture.

The basic idea of his thesis was that
4 story's main character has ups and
downs that can be graphed fo reveal the
stary's shape.

i
3
:
4

)C

The shape of a society's stories, he said,
iz at least as interesting as the shape of
i1z pots or spearheads. Lets have a look

the Story?
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Kurt Vonnegut on the shapes of stories: (@'

The main character gets inlo trouable
then gts izt of it agacn and erds up
Better off for tho experience.

The main chasictes comes across
somothing wondertul, gee it, boses
W Them gets it back farever.

Arsenic and Old Eace Jarie Tyre
Harold & Bumar Ga Te ' Everrval Sunshine of the
White Castie Spotiess Mind

Creation Story

e

4 b

The main character starts off poorly
1 gels eonEimLAy warss with ng.
‘hope for impecwement.

! The Metamarphosis

The story has a litelike ambiguity
that bbepe Lt frems knswing | pew
developmonts ane good oF bad,

! Hamiet

CF e twisazone L3 vresoprancs

I naity cubres’ cgation storics,

ROl o
it from. a deity. First major
shaples like the easth and sky. shen
wmalles Uhireg: Wk spareaes and all
phones. Mot x cemmman Shape o7
Western stozies, however,

Humankind receives tak
a deby, bt

susted trom good standing in a fall
of arvarmess propartions.

! Great Expestations

I waus the similarity botween the
shapes of Cirderella and the Hew
Testament that thrilied Vonnegut
far the fizst time in 1947 and then
wad Uhe evtarss of higlife 53 e

gidts tram a deity, 15 suddenly
ausshed from gocd standing, but
then receives off-the-charts blisa.

Great £y with
DHckens afernate ending

5
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lectures on the shapes of steaies.
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Frankenstein; Or the Modern
Prometheus (wiki
by Mary Shelley

Book happiness time series:

Search Gutenberg Corpus

Explore the work's emotional dynamics by sliding and resizing the reference and comparison

sections.

Happiest
641

Average
577

Least Happy

1 20 3 4 50 60
Percentaae of book

Lens (for advanced users):
Slide and resize the stop-window to change the lens:

70

400

200

Num Words

5
Word score

byTitle~ Classics~  Harry Potter ~

Word Shift:

y less happy than
Reference sections's happiness = 6.31
Gomparison section's happiness = 5.35

]

Transiate Al

Word Rank

faiure-1
o
P

Per word average happir;ess shift
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The absolute basics:

1. Find interesting/meaningful/important phenomena,
optionally involving spectacular amounts of data.
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The absolute basics:

1. Find interesting/meaningful/important phenomena,
optionally involving spectacular amounts of data.

2. Describe what you see.
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The absolute basics:

1. Find interesting/meaningful/important phenomena,
optionally involving spectacular amounts of data.

2. Describe what you see.

3. Explain it.
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The absolute basics:

1. Find interesting/meaningful/important phenomena,
optionally involving spectacular amounts of data.

2. Describe what you see.

3. Explain it.

Unlocks our (limited) ability to: Create, predict, and control.
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The absolute basics:

1. Find interesting/meaningful/important phenomena,
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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The absolute basics:

1. Find interesting/meaningful/important phenomena,
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.

Beware your assumptions: Don't use tools/models because
they're there, or because everyone else does ...
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