Photography, Physics, and Complexity
Strange Bedfellows or a New Aesthetic?
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Preamble
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What am | here to talk about?

& RI&X
| am a physicist, specializing
in chaos, complex systems.
and mathematical modeling

At all other times
OUKIG 2FGSY AYyGNHzZRS 2y (KS
| am a photographer, who forgets

all about physics, complexity, N
LIK20 23N LIKEX S@Sy Yeé



Preamble

What am | here to talk about?
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world that exists at the cusp of these two realms looks i
fromtheLIZ Ay d 2F OASg 2F 2

(and to show a few photographs along the way ;




What Is this talk about?

H Photography
ﬁ‘ Theart of capturing what & GiKA y 3 €

to communicatewhat elsea thingis

O Physics
TS The science of distilling perceived
order into simplest possible form

Complexity
Selforganized emergence of global
order that arises from local simplicity

A2 K2 RSOARS&a ¢6KIFIG Aada a2NRS
Themes/ A! SadKSiAO0a 6 a2NRSNI LINAY(
local vs. global, seftference/organization, dynamics,

Questions multidimensional spaces, objective vs. subjective
A What does observed order say about the observer?
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Physics and photography both define and revel in
categoriesdivisionsgroupings labels orders andpartitions,

In a certain Chinese encyclopedia called
the Heavenly Emporium of Benevolent Knowledge,
(perhaps imagined, perhaps real),
Jorge Luis Borges writes that

“...animals are divided into:
(a) those that belong to the emperor;
(b) embalmed ones:; (¢) those that are trained;
(d) suckling pigs; (e) mermaids;
(f) fabulous ones; (g) stray dogs;
(h) those that are included in this classification;
(i) those that tremble as if they were mad;
(j) innumerable ones;
(k) those drawn with a very fine camel's-hair brush;
(1) etcetera; (m) those that have just broken the flower vase;
(n) those that at a distance resemble flies.”

l.j




[ SGQa Odzi NAX3IKIU

Physics and photography both define and revel in
categoriesdivisionsgroupings labels orders andpartitions,

An artist Is aneta-pattern
of subjective order

GjonMili, Life Magazine(194§) .

l.j



[ SGQa Odzi NAX3IKIU

Physics and photography both define and revel in
categoriesdivisions groupings labels orders andpartitions,

A physicist |smeta-pattern
2F a202SO0AOQS

http://insidetheclassics.myminnesotaorchestra.org/vepntent/uploads/2011/01/formulas_440.jpg
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[ SGQa Odzi NAIKG

Physics and photography both define and revel in
categoriesdivisionsgroupings labels orders andpartitions,

Art Is the transcendence
of subjective categories

YFYRAY&A1@Z bCANRG !'06a0NFOG 21 GSNDO2f 2N



[ SGQa Odzi NAIKG

Physics and photography both define and revel in
categoriesdivisionsgroupings labels orders andpartitions,

Physi IS a eduction / distillation '
2T a202S0OUAQTS O

G 2 GSND2f 2N
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Physics and photography both define and revel in
categoriesdivisionsgroupings labels orders andpartitions,

the world in this wayl

Complexity and Tao

remind us of the

absurdity of dividing

DO NOT CONFUSE
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Tatsuya Ishida (http://sinfest.net/comikaze/comics/200@-01.gif)
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Speculations spurred by a provocative question by a blogger friend

Q: How does solving a difficult problem is physics
compare to capturing a great image in photography?

A: Theexperience; in each context; is exactlythe same !

Half the talk Is a discussion about
gKIFGO L YSIYy o068
The other half is about the potentia

Implications If this is really so;
psychologicallycreatively
andspiritually




Tao of Photography

http://tao -of-digitalphotography.blogspot.com
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AErgodicityand (Abstract) Art
May 2006

Duninad portioiio of 66 duotoned Back and wWhte Images
from 3 pROLo-ZRO0E 38 Lursy Coverns {1 VIR Shenandoch
VElay). | B3 WIRIEn SBOUT My IGENLre here 1 posts 3

ALearning to See from the Blind
January 2009

LWL 303y FememBSr M SXDITNCE 1R Luray 35 (the Tl of
g TSt BIOg Snry 300Gt It SLQEests Was) 3 Joy0us medntation
3 SBLeraAGan COamo. Liray & tny 3a Otherwordy place, i p e

e f"‘g&:’“::: AUnconscious Influence and the Creative Process
ﬁﬁ:}iﬁg T February 2009

e o A Sting, Goethe, and the Creative Process

b = August 2010

Almplicate Order, Enfolded Centers
January 2011

IR B 00T I Wiy

AToward an Aesthetic Grammar
April 2007

ATraversing an NDimensional Aesthetic Space
March 2009

AThe Click of the Shutter Button...

and A Deep Mystery
November 2008

::::::::::::




Outline

Part 1: Andy as photographghysicist

Az K2 | yTake #k/ Take #2

AA few lessons from a physicist, photographer, taist

AWhat a physicist does vs. what a photographer does

AAestheticscl LK@ aAOAaluQa GF{1ST | Gol oeé
AEvolving landscapes (take #1 / #2 | #3)

AComplexityc a gentle introduction

ASteps Towards a Universal Language of Aesthetics?

Az K2 | yTake %

Part 2: Andy as physiciphotographer

I Al YLXAY3 2F LRNIF2ftA2aY SEFYLX S&a 27
Is informed / shaped by physics, complexity, and Tao

¢ Chaos, Order, Complexity, Entropyd { dZRRSy {GAftfySaaéeé 062210
¢ Micro Worlds

¢ Abstract Glyphs

¢ Swirls, Whorls, and Tendrils

¢ Tao

cd a ! 02 @S Tatésprojecd f.utay caverns, VA)

Physics, Complexity, and Photography: One Last Take



Outline

Part 1. Andy as photographehysicist
Az K2 | yTake #k/ Take #2



Who Am 17¢ Take #1

Whatever | may know
about light, tone,
texture, form, and

composition
| learned by
watchingmy dad

He was not a
photographer,
But was an artist
par excellence

- A 1960: Born / Glen Cove, Long Island, NY

A 1970: First camera

Polaroid instamatic / Christmas gift
First picture(abstract?)closeupof my right toe

A 1978: First encounter with Tao
ChuangTzu: Inner Chapters
AmMpyHY CANBG G&SNRM2dza €
Canon AR
A 1988: Ph.D. / theoretical physics
Discrete Complex Systems
A 1998: First digital camera
NikonCoolpix950

A 2001: First published book
Cellular Automatgphysics)

"AHAnAHY CANBG 6@aSNRA2dzé

Canon D60

A 2007: First Solo Show
Coral Gables, Florida
FirstLensworlkportfolio
DVD Edition #71 / JuBugust

A 2008: First selpublished book
Hawaii,Blurb.com (photography)

First art ceop

One of 14 founding members
of Lorton Arts Occoquan, VA

Ol YSNJI
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Who Am 17¢ Take #2

Whoam | ?

Photographer

1960

1970:

1978

1982:

1988:

1998

2001

2002:

2007:

2008:

Born / Glen Cove, Long Island, NY

First camera

Polaroid instamatic / Christmas gift

First picture: {abstract?) closeup of my right toe
First encounter with Tao

Chuang-Tzu: inner Chopters

First “serious” camera

Canon AE-1

Ph.D. / theoretical physics

Discrate Complex Systems

: First digital camera

Nikon Coolpix 950

First published book
Cellulas Automata |physics)
First “serious” DSLR

Canon D&0

First Solo Show

Coral Gables, Florida

First Lenswork portfolio
OVD Edition #71 / July-August
First self-published book
Hawail, Blurb.com {photography)
First art co-0p

One of 14 founding members
of Lorton Arts, Occoguan, VA




Who Am 17¢ Take #2

Seeing imagined worlds
in objective realities

Physics Whoam1?

Dissolving distinctions
between inner and
outer experiences

Photographer

Photography

Building the objective world
out of imagined parts



Sometimes ponder about physicgvhen something catches my eye
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I\’U(.S) = l P;v l T e T 3 :
. Order Complexity
2
K(C) = mg(l*lw.

Computational complexity

3
C(T) = loge| fiky) []P(T)))
N =i
Complexity as mformation
Complexity of a graph
Complexity of a simplex
Complexity of a hierarchical system

HeEY) = min rp(P)
f ll")-!..",('

Algorithmic complerity

Logical depth
Thermodynamae depth




Sometimes | use my physicsdi@er my eye / camera




Sometimes | use my complexitydteer my eye / camera

/ \ = HAT| =  wim vi(P)
J \ I

\ PHO) = 7u(P°)
‘ C = min Na{f)
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things right into ourselves and then give forth a new version of them from inside, tinted b
2F O0KS LIRaaroAftAdASa gAGKAY dzaz OGNy yaTi
T SEAN KERNARhotographer(Lenswork May 2004)




Who Am I7¢ Take #2

Seeing imagined worlds
in objective realities

Physics

Dissolving distinctions Photography Complexity
between inner and M Sliian
outer experiences @ g
Hypothesis
Complexity The best way to discover

aLé Yy I O
creative journey, whose
path is bothinformed by

GKA& daLé Aa
it has spent a lifetimereating

¢ andshapesg many
Gadzo2SOiA
6202SOU0ADS:

Photoaraphy

Building the objective world
out of imagined parts



Outline

Part 1. Andy as photographehysicist

AA few lessons from a physicist, photographer, taist



A Lesson from &hysicist

By 3, R TS
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az2S NB y2u0 2
We are participators.
In some strange sense this is
a participatory universe... |

Xy2 LKSy2YSyz2 ¥
phenomenon until it is :
anobserved JK Sy 2 YS Y ¢

T JOHN ARCHIBALD WHEELER
Physicis{1911- 2008)

Sl Y e



A Lesson from &omplexicologist

G¢CKSNBE Aa | 02y
contact among the things that
coexist anccoevolve
In the universe;

A sharing of bonds and message:
that makes reality into
a stupendous network of

AVUISNI OGAzy | VYR

T ERVIN LASZLO
Philosopher & Systems Theo(i832- )




A Lesson from &hotographer

- N \ S - —
S I 4 ./.I [ -~ 7, AV L (&)
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Every shape participates with another.
No one thing is independent of another,
and one thing rhymes with another,
YR ftA3IKGI IALBSE GKSY aKl LIS

T HENRI CARTHBRESSORhotographer / Artis{1908- 2004 )



A Lesson fronTaoist Master

G. ST2NF L KIFIR ad0dzZRASR %Sy F2NJ
| saw mountains as mountains, and waters as waters...

When | arrived at a more intimate knowledge, | came to the point where | saw
that mountains are not mountains, and waters are not waters.

But now that | have got its very substance | am at rest.
For it's just that | see mountains once again as mountains,
YR 61 0SNBR 2yO0S 3FAYy |a @&l GSN

T Chingte Ch'uanTengluo d ¢ NI YaAYA aaArzy 2F GKS |



Takeaway #1
All partitions are arbitrary

G¢KS RAQGAAAZY 27
into parts and wholes is convenient
and may be necessary,
but no necessity determines
K2g AlG akKl ff

T GREGORY BATESON
(Anthropologist 1904¢ 1980)




Takeaway #2

There are no things, just processes

a!ftf Aa LINRPOSaad ¢KIO Aa G2 ares
Things, objects, entities, are abstractions of what is relatively constant
from a process of movement and transformation.

7

¢tKSe N’ tA1S UKS aKlkLSa 0KFO OK.
T DAVID BOHM
(Physicist1917¢ 1992)



Takeaway #3
All is organized energy 6

a{ OASYyOS aK2ga
the visible world is
neither matter nor spirit;
the visible world is the
AYOGAraAGES 2NEIl YA

T HEINZ PAGELS
(Physicist1939¢ 1988)
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Outline

Part 1. Andy as photographehysicist

AWhat a physicist does vs. what a photographer does



What Does &2hysicistDo?
f
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Dimensions . . . .
] of Reality AExperience / view the world; experiment / interact
of Physicist X Ay GKS 3A@Sy O2yGSEGT F2NJ I Lo NJ
(Locahorder A{ St SOUG 4&a2YSUKAYy3 2F GKFd &agYS
y Dimensions X RStA0SNI(GSte SEOftdzRRAY3I SOSNE QKA
X
Dimensions AFOCUSEIA SHSNR& FGUSYyiA2y 6LISSNy NI
of Reviewer X 23/ uKS YSaal 3s e2dz gAack e 2 dzNJ| LIK ¢
(Global) Order Al 20 ﬁggé l]K?\é aéZYSOKAYﬂtﬂO
Dimensions X GKFEG GKS LIKeaAoAald KF3& LINPRdIzQSR
NEES - Haell=- D nanS e RS - we  SEEEEr - PSR X




What Does aPhotographerDo?
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What Does &2hotographerDo?
¢ KS Ydz G4ARA Ym@émﬁeticépladﬁqj 3

e 1 e T A EoA
' 1P 'f& w - ' . oS
= Ll | 4 FY - 2R - Jarny
z
J\y

X

Creative Proces
|s Selection

ASelectingwhere to look

Aesthetic
. _ _|| ASelectingwhat to take a picture of
L'y | NI AauQa
pattern of ASelectingcamera, lens, aperture, exposufe X
selections ASelectingwhat to emphasize in posprocessing
(in some

n-dimensional
feature space)

ASelectingwho / where to show

ASelectingwhat to keep in (longterm) portfolio

P ot TS o O O O Ol % | bom 1 B BT 0 TR




Outline

Part 1. Andy as photographehysicist

AAestheticsc LK@ aAOAalQa

GFr1ST
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- Elliot Erwitt, Photographei(1928- )

AWhythis instead of that?
AAnN ordering principle

.| Rotate axes ‘ e

| ‘ . -
:: ..5-.;;:.:: . iy .:... .-..‘.'. “. /.,;"'
P i) R ,'.’.. . : -. .. o~ e
TSRO & :’;.‘_'.. o A4 - < . ,:,.;-, Ny v
| - .... :“-.__._:.-‘.. o . a-. "_',..,.!.._
| ,;d": :l:'... ‘Y E:, :_‘: e ‘~:':'-‘ ‘“. .
‘ y --:-""'." TS iy i S ‘ -" ¢
——— O 9 Lot N Pa
< ot o e, Change
[* e perSpeCtlve

Is this really
random?

Seeing with
I ySé al SAGKSGAOE
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Complexity

http://www.blurb.com/bookstore/detail/245471

Dialectic
Transition
Figure / Ground
Repetition
Distinction

Stability
Balance
Organization
Coherence
Geometry

ARCHITECTONIC MYSTE




Visual Echoes of Timeless Rhythms

Sudden Stillness ‘i' f' % m ‘n

l

http://www.blurb.com/bookstore/detail/245471

Extrusion
Fine / Course
Dislocation
Stability
Modularity

Planarity
Opposition
Overlap
Geometry
Proximity

COSMIC MYSTERY 2

Extrusion, Fine/Coarse, Dislocation, Stability, Modularity, Planarity, Opposition, Overlap, Geometry, Proximity




http://www.blurb.com/bookstore/detail/245471

Geometry
Gestalt
Dissonance
Dominance
Organization

Interlock
Assembly
Connection
Angularity
Scale

FROZEN SPIRIL
(See entry in "Notes™ section on page 2060)

minanece, Organization, Interlock, Assembly, Connection, Ang




Sudden Stillness

Visual Echoes of Timeless Rhythms

http://www.blurb.com/bookstore/detail/245471

Most Common Features

Harmony
Interlock
Interpenetration
Stillness
Unity

Analogy
Angularity
Assembly
Asymmetry
Attraction
Balance
Boundary
Centeredness
Clusteredness
Coherence
Coincidence
Combination
Compound
Connection
Convergence
Cooperation
Coordination
Dialectic
Diffusion
Direction
Dislocation
Dissimilarity
Dissonance
Distinction

Diversity

NI

I lq'

1N
i

Dominance
Dynamics
Enfolding

Equilibrium /
Disequilibrium

Equivalence
Extrusion
Field
Figure / Ground
Fine / Coarse
Geometry
Gestalt
Gradient
Group
Harmony
Heterogeneity
Hierarchy
Holarchy
Homogeneity
Imitation
Influence
Instability / Stability
Integration
Interaction
Interdependence

Interlock

Complexity

Interpenetration
Interrelation
Intersection

Mixture
Modularity
Negative / Positive
Neutrality
Opposition
Organization
Orientation
Overlap
Parallel
Partition
Penetration
Perspective
Planarity
Position
Process
Proportion
Proximity
Randomness
Redundance
Reflection
Repetition

Resonance

Scale
Separability
Sequential
Similarity
Space
Stability
Stillness
Stress
Subtraction
Superposition
Surface
Symmetry
Synergy
Synesthesia
System
Tension
Tonality
Topology
Transformation

Transition

Transparent / Opagque

Unfolding
Unity
Unpredictability

Variety




Sudden Stillness

Visual Echoes of Timeless Rhythms

http://www.blurb.com/bookstore/detail/245471

Most Common
FeatureFeature Pairs

FigureGround / Geometry
Coherence / Harmony
Dialectic / Gestalt
Dynamics / Stiliness
Distinction / Interpenetration

Analogy
Angularity
Assembly
Asymmetry
Attraction
Balance
Boundary
Centeredness
Clusteredness
Coherence
Coincidence
Combination
Compound
Connection
Convergence
Cooperation
Coordination
Dialectic
Diffusion
Direction
Dislocation
Dissimilarity
Dissonance
Distinction

Diversity

il | ‘M‘

'IM

Dominance
Dynamics
Enfolding

Equilibrium /
Disequilibrium

Equivalence
Extrusion
Field
Figure / Ground
Fine / Coarse
Geometry
Gestalt
Gradient
Group
Harmony
Heterogeneity
Hierarchy
Holarchy
Homogeneity
Imitation

Influence

Instability / Stability

Integration
Interaction
Interdependence

Interlock

Complexity

Interpenetration
Interrelation
Intersection
Mixture
Modularity
Negative / Positive
Neutrality
Opposition
Organization
Orientation
Overlap
Parallel
Partition
Penetration
Perspective
Planarity
Position
Process
Proportion
Proximity
Randomness
Redundance
Reflection
Repetition

Resonance

Scale
Separability
Sequential
Similarity
Space
Stability
Stillness
Stress
Subtraction
Superposition
Surface
Symmeltry
Synergy
Synesthesia
System
Tension
Tonality
Topology
Transformation

Transition

Transparent / Opagque

Unfolding
Unity
Unpredictability

Variety




Sudden Stillness

Visual Echoes of Timeless Rhythms

http://www.blurb.com/bookstore/detail/245471

Most Common
FeatureFeature Triplets

Balance / Coherence / Synergy
Dialectic / Gestalt / Resonance
Interlock / Unity / Unfolding
Dynamics / Stillness / Process
Balance / Interpenetration / Syste

Analogy
Angularity
Assembly
Asymmetry
Attraction
Balance
Boundary
Centeredness
Clusteredness
Coherence
Coincidence
Combination
Compound
Connection
Convergence
Cooperation
Coordination
Dialectic
Diffusion
Direction
Dislocation
Dissimilarity
Dissonance
Distinction

Diversity

|I‘|l’

'Il

Dominance
Dynamics
Enfolding

Equilibrium /
Disequilibrium

Equivalence
Extrusion
Field
Figure / Ground
Fine / Coarse
Geometry
Gestalt
Gradient
Group
Harmony
Heterogeneity
Hierarchy
Holarchy
Homogeneity
Imitation

Influence

Instability / Stability

Integration
Interaction
Interdependence

Interlock

Complexity

Interpenetration
Interrelation
Intersection
Mixture
Modularity
Negative / Positive
Neutrality
Opposition
Organization
Orientation
Overlap
Parallel
Partition
Penetration
Perspective
Planarity
Position
Process
Proportion
Proximity
Randomness
Redundance
Reflection
Repetition

Resonance

Scale
Separability
Sequential
Similarity
Space
Stability
Stillness
Stress
Subtraction
Superposition
Surface
Symmeltry
Synergy
Synesthesia
System
Tension
Tonality
Topology
Transformation

Transition

Transparent / Opagque

Unfolding
Unity
Unpredictability

Variety




Sudden Stillness

Visual Echoes of Timeless Rhythms

[

Andy’s aesthetic space

as observed by Andy
observing his own
photographs

Analogy
Angularity
Assembly
Asymmetry
Attraction
Balance
Boundary
Centeredness
Clusteredness
Coherence
Coincidence
Combination
Compound
Connection
Convergence
Cooperation
Coordination
Dialectic
Diffusion
Direction
Dislocation
Dissimilarity
Dissonance
Distinction

Diversity

l |

Dominance

Ll

Dynamics
Enfolding

Equilibrium /
Disequilibrium

Equivalence
Extrusion
Field
Figure / Ground
Fine / Coarse
Geometry
Gestalt
Gradient
Group
Harmony
Heterogeneity
Hierarchy
Holarchy
Homogeneity
Imitation
Influence
Instability / Stability
Integration
Interaction
Interdependence

Interlock

NI

Complexity

Interpenetration
Interrelation
Intersection

Mixture
Modularity
Negative / Positive
Neutrality
Opposition
Organization
Orientation
Overlap
Parallel
Partition
Penetration
Perspective
Planarity
Position
Process
Proportion
Proximity
Randomness
Redundance
Reflection
Repetition

Resonance

Scale
Separability
Sequential
Similarity
Space
Stability
Stillness
Stress
Subtraction
Superposition
Surface
Symmetry
Synergy
Synesthesia
System
Tension
Tonality
Topology
Transformation

Transition

Transparent / Opagque

Unfolding
Unity
Unpredictability

Variety
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Photography in 100 Words: David Clark

X Y2GA2y XONRA&AAZ

X

52YRSNI XLINE @2 1 S sexediplt@usii LIK 212J

Expl g the art of photography with fifty

David Bailey XaAYLIt AOA® X F OO
Henry Benson XY2UA2Y XX ONRN&&Aa&
ks ket Sve Bloss tisey Y-A. Bertrand X862y RSNI XX LINB @21 ¢
N W S Steve Bloom XSY2uAzy XX OKFttS
& ’ Nick Brandt XY8GKAOXX StS3e
E Joe Cornish Xl (0 Y23 LIKSNB X ozyy
DavidDoubilet X otherwordlyX | RRX OU A OS
WORDS Elliot Erwitt XKdzY2 NJ X 284 SNDI
Ralph Gibson

X&A 3yl ddNB X &dzoal

DavidHurn X Odzt dzNJS X YSY2NZX
MichaelKenna XadzaaSaaAarzy X
Steve McCurry

I 0 a

xO02 YLIStt Ayd X AYa

| J.Meyerowitz Xl &I ‘ISYSR XX RSt A3

’, Martin Parr XNBEO2IYAGAZ2Y X | Yd
A S PaoloPellegrin XgAruySaax X ardyl
s Dennis Stock XLINBE O2 Y OSLIG A2y X X A Y
—lfe— Denis Thorpe XRA&UlI yOS X 3IS2YS

3 e Charlie Waite XNBO2IYAGAZ2Y X | Y
Art Wolfe XY2YSYyl X GAaA2Y



Outline

Part 1. Andy as photographehysicist

AEvolving landscapes (take #1 / #2 | #3)



Evolving Landscape3ake #1

“"Andy”
in 1980 | |

A 1970: First camera

Polaroid instamatic / Christmas gift
First picture(abstract?)closeupof my right toe

"Andy"”
_» | In1990 ‘.7.‘7.7 et

' ‘ "Andy”
& in 2000

AmMdbyHY CANEI
Canon AH

In2010
- A 1998: First digital camera
f, NikonCoolpix950

AHnnHY CANAI
Canon D60

A 2007: First Solo Show
Coral Gables, Florida
FirstLensworlkportfolio
DVD Edition #71 / Juugust

A 2008: First selpublished book
Hawaii,Blurb.com (photography)

First art ceop

One of 14 founding members
of Lorton Arts Occoquan, VA

daS\n 2

B&W / Darkroom

PhotqgraphyEyverythin
c§tche§§l‘l'e efep NI

Transition #1
Color Slides
Transition #2

B&W / Photoshop

d { SNR 2 dzacutsoudbsll v (
6 a8 N BRSS! Pl

Transition #3

B&W / Photoshop
G { SN 2 dzaself LINR y

Photography:
Feelings / Mood / Projects

Started entering juried contests



Evolving Landscape3ake #2

Stage 1Joyful snapshots of anything

and everything
- First camera, excited about
anything & everything

Stage 2: A passive stirring of
aesthetic value

- Certain objects draw a deeper
attention than others

Stage 3: Willful engagement of the
aesthetic environment
- Photographemactivelyseeks out
images of interest
- . 20K RATFTTFAOdAL 0
and dramatic

Stage 4: Recognition of the power
of expression

U2

Stage 5: One picture is not enough

Photographer begins to see the world
as a patchwork; a tapestry ahagages

Stage 6: Need to tell a story

Focus on portfolios of interrelated
Images as elements of narrative
Interested in telling a story about
what the eye (and heart) is drawn to,
and why

Stage 7: Portfolios of Portfolios

22NJ o0S3IAYyAEA G2 OGN
aesthetic impression of the world

to an imprint of a deeper aesthetic
order of the external world

t K22 3INF LIKSNJ aRA&C

of the world by observing her own work

_ Photographer discovers how to express>tage 8: Seliiscovery
not the object itself, but what draws

attention to the object

Outwardly similar to Stagé (to others)
Ly gl NRf &> LIK2{02 3N
truths about her own soul



Evolving Landscapesake #3

f meta
1
# ™
i
o l YR& Qa
_ physics
f, o v . Mmetapattern
'Y Re Qa
photography ' Y Re s
music
meta-pattern meta-pattern
N o_/
- f_meta
3
e
fzmeta N




Evolving Landscapesake #3

Remember earlier illustration?

s this really
random?

___:_—?—1 f

, Rotate axes

¥ ‘ N\
* 'y
. 2 ‘.‘I A
/ ’l /"
Ry . /
" 2N ._/ o o~/
| - PRGN 73 /
—_— \* Sd 2 St
P T X S
P R 3T S
- ot s /
-’ N A ;
- . /
. 3
f

J Change
~  perspective

Seeing with
a new “aesthetic”



Evolving Landscapesake #3

GKSNE | g1 &

O
physics — —
an fmea ) e
photomphv A 1,..
meta-pattern | ™"
S— -
r‘flul

62 AaNRIOI

F,

Andy’s
physics

meta-pattern

Andy’s Andy’s
photography music
meta-pattern meta-pattern

*
F3

i



Evolving Landscapesake #3

" mefa
f

(o]

)
physics

Andy’s

| photography

| meta-pattern

music

o

- 'l.' mreta

5 |

————y

f’ meta

Andy’s
physics

meta-pattern

Andy’s

photography

meta-pattern

A NR G|

Andy’s

music

meta-pattern

F*,

Vd
L

u



Outline

Part 1. Andy as photographehysicist

AComplexityc a gentle introduction



Complexity:Timeline

1980's 2000's
wv;-ﬁ- P e - o~ . .
B e i viap O LO pIexnty Scienc
_ by Brian Castella

tchali Feigenbaum
Chaos Constant)

elbrot Kurt Richardsa Jarry Welkowen
a IS
- {Comploxtey TH [ CIntwcnet, THSHN)
Debor; [ammond
Jumes Lovelock Moo= histovy of systems thinking)
& Lynn Margulis - ==
(Niata Hypothesss) 4 mx::' £ :| J
Humon Systems} % = Mark Newman
tave St o9 7 (Complex Netwarks)
g systems theory) s . Immanuel Wallerstein
- r (World Systems Theory)

/ Nicholas Christakis
{Hoalth Metworks)

g $ Geolfrey Wes i
(gRobaiiration) 2 R (Scaing La) \ : Manuel Castells
: g ) ¥ i : (Global Network
Society)

{ 2senis T i '
Quaktatve V4 c L - newly fol
Conmperbaty) / i {mobile societios)
P rt-Lazlo Barabasi
ale-free networks)

Felix Geymr \ John Taylor,
(Sochabogy) " {eschacn) e

Francisco Parea-Lune
(Foumder)

econmmics)
i Jeanatte Wing
i (computational
HOKNG) ey Clotf-Revilla
. {computational
B i SOl SheTNCS)

-

—_
Joshua Epstein &
Robert Axtell
(Artificial Societies)

Mitchell
I
tems)

: S Michael Borry
Warren nffﬁ:lml::.’; v dns B - S {Dats Mning W Busloess)

Interactive Map-  http://www.art -sciencefactory.com/complexitsnap_feb09.html



Complexity: Timeline

Ludwig von Bertalanffy
(Systems Theory Founder &
Systems Biology)

Bertalanffyk 2 A SY SNJ k | &
(Cybernetic® Systems Theoryl940s1950s)

Shiftedfocus from mass, energy, and forcef¢@dback

control, information, andcommunication

- Introduced 56 Gl SAGKSGAOE
a new (and still evolving) worldview of nature

W. Ross Ashby
{Cybernetics of
Mind)

Interactive Map-  http://www.art -sciencefactory.com/complexitsnap_feb09.html



Complexity: Timeline

Varela /Maturanak Y I dzt ¥
(Complexity Sciencel970s1990s)

Autopoiesis= SelfCreation
(Greekaautol' & a S poresid | §f ANS |

L
Francisco Varela &  John Holland
Humberto Maturana (Genebc Algonthms)

— (CoinveScln e oo 1. Dynamic form is only incompletely
ALISOAFASR 08& LINE

2. Systems defined by setéferential

form-preserving transformations

Interactive Map-  http://www.art -sciencefactory.com/complexitsnap_feb09.html



Complex Systems: A Gentle Introduction

Arthur Koestler (1967)
The Ghost in the Machine

Holons

Individual components on
various levels of a systerr
I NBE aAYdzt Gy S
wholes
(selfassertive

. andparts
TR (integrative)

http://www.idiagram.com/examples/complexity.html



Complex Systems: A Gentle Introduction

| R | Arthur Koestler (1967)

To which we | The Ghost in the Machine
can add an

inner creative

tendency

Selfreflective

Holons

Individual components on
various levels of a systerr
I NBE aAYdzt Gy S
wholes
(selfassertive

andparts
(integrative)

6{ SEDAGSR / ARNDdzh i€
JOHN ARCHIBALD WHEELER 3 e
Law Without Law{1983) °

http://www.idiagram.com/examples/complexity.html



Complex Systems: A Gentle Introduction

To which we
can add an
inner creative
tendency

Selfreflective

Ouroboros

[ A RND dzk 1€
LER g

o

Arthur Koestler (1967)
The Ghost in the Machine

Individual components on

Holons

various levels of a systen
I NB &AYdzt I

wholes
(seltassertive

andparts
(integrative)

http://www.idiagram.com/examples/complexity.html

a

,2dz2NJ GAaA2y gAftf 0
you can look into your own heatrt.

Who looks outside, dreams;
who looks inside, awakens."

¢ CARL JUNG

y




Complex Systems: A Gentle Introduction

e il

Properties

wDiverse heterogeneity
- Components defined by many properties and behaviors

wNonlinear interactions
- Small perturbations may cause a large effect

wLocal information processing / decentralized

- Component2 yf& (y2¢ | avYlftf aLI NI :

wRelationships contain feedback loops

- Both negative (damping) and positive (amplifying) feedback .

wMultiple simultaneous scales of resolution
- Agents, metaagents, .... system

wSelforganization & phase transitions
wEmergent behavior
- Global patterns cannot be deduced from local behavior

wOpen to the environment
- Nonequilibriumpatterns & order;
boundaries difficult talefine; observer dependent
wAdaptive
- Prior states influence present statdsarning

wUnderstanding requires both analysis & synthesis
-/ 2YLRyYySyGa YlIe GKSyaSt@gSa

http://www.idiagram.com/examples/complexity.html

(@]]

¢
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Complex Systems: A Gentle Introduction

Examples

wBrain / nervous systerfKandel& Squire, 2000)
wBiological cells, organisms
wBiosphergLevin, 1998)

wCombat dynamic8lachinski CNA, 2000+)
wCommunication network@arabasi2000)
wEconomies / financial marketérthur, 1994)
wEcosystemgSigmund 1993)
wGeneregulatory networkgKauffman, 1993)
wGlobal climatglLovelock, 1995)

wHuman culture(Lunhmann 1984)

wlmmune systeniSegel 2000)

winsect coloniegBonabeat 1999)

winternet / WWW (MayerKress,1995)
wNatural evolution(Smith &Szamary1995)
wOrganizationgForrester, 1960s)
wPedestrian / vehicular flostill, 2000)
wSocial networkgWasserman & Faust, 1994)
wTerrorist networkgllachinski CNA, 2007+)




GaAYLI Sé€ RS
how complexity arises
ITNRY aAyYLIH



1-Dimensional Cellular Automata

'AAyYy3 OSNE AAYLIX S alASyidaé o6o0dzif RA

¢ Consider a one-dimensional row of cells:




1-Dimensional Cellular Automata

'AAyYy3 OSNE AAYLIX S alASyidaé o6o0dzif RA

¢ Consider a one-dimensional row of cells:

L X X L X X

* Suppose each cell is either on (. Joroff (| |)




1-Dimensional Cellular Automata

aAy3d OSNEB aAYLI S al3ISyidaé¢ oodzif RA

e Consider a one-dimensional row of cells:

LR LR

* Suppose each cell is either on (.) or off ( )

e Suppose each cell turns on or off depending on whether it was on or off before
and whether its left and right neighbors were on or off



1-Dimensional Cellular Automata

aAy3d OSNEB aAYLI S al3ISyidaé¢ oodzif RA

e Consider a one-dimensional row of cells:

LN LN

* Suppose each cell is either on (.) oroff (| |)

* Suppose each cell turns on or off depending on whether it was on or off before
and whether its left and right neighbors were on or off

* Choose a specific rule for this (out of a total of 28=256 possible rules):

gupliy Blia"minciis pil BN mines




1-Dimensional Cellular Automata

'AAyYy3 OSNE AAYLIX S alASyidaé o6o0dzif RA

* Consider a one-dimensional row of cells:

LN LN

* Suppose each cell is either on (.) oroff (| |)

* Suppose each cell turns on or off depending on whether it was on or off before
and whether its left and right neighbors were on or off

* Choose a specific rule for this (out of a total of 28=256 possible rules):

gupliy Blia"minciis pil BN mines

Pretty simple!
dzi 2 6 KIF (G KFLIWISya | FAGSNI I NBRg 27



[ SGQa [221 FaG

t=0
t=1
t=2
t=3
t=4

Start with a few random ON cells: "=m =e =& = e L) L [
X1 X X3 X4 X5 X¢ X7 X3 X9 Xy Xq; X3 Xy3 Xy X5

Still pretty simple..nothing interesting yet!

What if we look at many cells evolving for longer times?



Simplicity Breeds Complexity!

f Particle Te T ‘
1000110011101111111000 -6 12
00000 -4 15
1111000011000 -8 20
100011000 0 7
11101011000 2 10
111000 2 3

L f GSNYFGA DS RebidesdtT VF20NIVRXY ¢

.--BBBBPBB---BB---BBBP'BB--- BBBP"BBB - - -



NLAYSyana?

A Universe

Other Rules

tured to be

Conjec

0
S
@
)
>
Q.
S
o)
O
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7
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&
=
c
)

Complex State

Wolfram CAClassification:

Periodic State Chaotic State

Fixed State




