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Does chaos erupt in the
absence of central
command?
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Protein complex

Protein [T}
NiPh

UBPL4
(36

SECL0 SEC8
SECS Ex084/

veT9  SECE |
(O SEQS ‘




Complex Systems
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Complex Systems

e [nterconnected
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M.J. Grimson & R.L. Blanton




Complex Systems

e Interconnected
e Interdependent
e Adaptive

e Diverse




Ins and Outs of the
Science of Emergence

Systems analysis
Interacting elements
Power laws
Information theory
Statistical physicists
Networks

Methods development
Innovative thought

e OUT

Reductionism
Independence
Normal distribution
T-tests/correlations
Biostatisticians
OIS

Black-box software
Boring research




Complex Brain Networks

What does clustering, path length, or degree
really tell us about brain processing?

100 nodes
Mean degree = 8
L=2.8 vs. L=2.3




Complex Brain Networks

What does clustering, path length, or degree
really tell us about brain processing?

100 nodes
Mean degree = 8
L~2.3 and C~0.1

All have
K>18
Max K = 33
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What we really want to know is how information
processing in the brain produces perceptions,
knowledge, consciousness, etfc.




The neural basis of sexual arousal.

The brain regions for amativeness




The neural basis of romantic love.

The brain regions for conjugal love.




The neural basis of romantic love.

The brain regions for conjugal love.




SYMDBOLICAT. MTEAD
ILLUSTHATING THE

NATURAL LANGUAGE OF THE
FACULTIES.

Complex cognitive and emotional processing
occurs through interactions between multiple
sub-networks (or communities) within the brain.




Community Structure
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Community Structure




Brain Commmunities




Brain Commmunities




Precuneus Community




Across Subject Comparisons




Similarity Measures

Binary Inclusivity

Binary Exclusivity —>

Scaled Inclusivity \

Steen et al. Phys Review E, in press (2011)




Scaled Inclusivity
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Scaled Inclusivity
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Steen et al. Phys Review E, in press (2011)
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Scaled Inclusivity
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Brain Data







Brain Data




Across Subject Comparisons




Group Scaled Inclusivity




Precuneus Neighborhood




Physiological Implications

e Dynamic model
- Susceptible
- Excited
- Refractory

e Vary spontaneous activity

e Compare -
- Topological communities
- Functional communities

Muller-Linow et al. PLoS Comp Bio (2008)
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Physical Function in Older Adults

Low SPPB High SPPB




Take Home

Complex systems exhibit (
emergent behavior g&. |

Scientific revolutio "\
a. Emergence is in -

b. Reductionism is out

Simple metrics are not sufficient

Community structure - a step In
the right direction
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