Quantifying Self-Organization
and Coherent Structures
with Statistical Complexity

Cosma Shalizi (Complex Systems, UM)
Kristina Shalizi (Statistics, UM)
Rob Haslinger (Los Alamos/Mass. General Hospital)
J.-B. Rouquier (ENS-Lyon)
Cris Moore (Computer Science. UNM/SFI)



References

Shalizi, Shalizi & Haslinger, PRL 93 (2004): | 18701 = nlin.AO/0409024

LA I . LR "-'_.'...._-"'-.1 i AR v . SR A I e " bl i .'._1:-_--5_ s’ | .I_'-."' "1.-.':_ SR L L L '.E_ o .llli = 1, e P '-... '.-:-:_III .-
ol 2 ~ joruiie} \ N/ “‘L} ~ A D Vs ‘ﬁ_lﬁ e ﬂ: i '_-‘_L IRk » N r . 1 | '_'l i -_": : - i l_‘. Ll I._-..ﬁ
DIAGCAIVARE DI ME RS  MAD \J ) 1 = JI11d ¥ =
a i 11 u | = g ' ). |1 = ]

-l PR /NANL 1 4N
N.FIN/UJSUD IOV 1

s LN Y



® “| know it when | see it”

® Disputes: turbulence, ecology

® Does self-organizing = irreversible?
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Entropy

® Entropy = log of volume in phase space
S=klogW

® Much to do with heat, work, etc., etc.

® Nothing to do with organization

® | ow entropy disorganized systems (low-
temperature stat. mech.)

® High entropy organized things (organisms)

® Organization T because entropy T (self-assembly)



If Not Entropy, VWhat!

Self-organization = complexity increases

Complexity = description length (Kolmogorov,
von Neumann, etc.)

Probabilistic descriptions, statistical complexity
(Rissanen, many others)

Complexity = information required for
prediction (Grassberger)

Role of minimal sufficient statistics (Crutchfield
& Young)



L ocal Statistics

® | ocal statistics are summaries
of the past light-cone

® Maximize information in
statistic (sufficiency) =
maximally accurate prediction

® Minimize information needed
by statistic (minimality)




® past A and past B equivalent iff
Pr(Future|A) = Pr(Future|B)

® [A] = all pasts equivalent to A

® Statistic (“causal state”):
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Cyclic Cellular
Automata

Qualitative model of excitable media

K colors; a cell of color k switches to k+1
(mod K) if at least T neighbors are already of
that color

Analytic theory for structures formed
(Griffeath et al.)

Spirals, “turbulence”, local oscillation, fixation
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|dentification of states from data

£ S ’ U e e R R R
e o T e L gt R S 1 I
- :

D : f A N 1 n

r y It rell
e A e ] [ - <75yt Eore
Y av - L .



—
m
=
n
-
m
-
o
=
A
e
=
=
=3
E
o
2

Complexity versus Time
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(300x300, n = 30)




BTW Sandpile
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(supra-threshold relaxation, 300x300, n=1)



Finding Coherent
Structures

® Spatially extended,

temporally persistent

o Generated by the micro

dynamics (“emergent”)

® More efficient and more

comprehensible
descriptions
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Order parameters

OP measures symmetry
breaking

d = f(opr)
-log(Pr(config)) ~ Jf(OP)

Structures = defects in OP
field

OP found by trial and error




Complexity field

® Local description length
C = -log(Pr(state))

e Automatic; no tradition
heeded




Summary

® Statistical complexity = information needed
for optimal prediction
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