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‘Computer §
science JF

Theory of complexity

¥ Cognitive
R science

¥ Social
sciences

B Disciplines from classic science
B Other disciplines
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Caveats

cnowledge is large, expanding
ining theory of complexity is

lassical physics exist

new ideas, fewer solutions
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(1642-1727) )
mechanistic, predictable,

- method: Break down problem into
nent parts, analyze, reassemble; i.e.

onist

1 fully know the past and the extant

_ ou can know the future.” LaPlace

\ (para rase)

5 Results over last 350 years impressive
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n elephants.
! Ulam 1991

y major unsolved problem in science from

ciousness to cancer... is non-linear”.
Strogatz 2003

Srioushallenges: Relativity and quantum
- physics
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1animate



nchronization

v diac, respiratory)
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ardiac rhythm and health

Healthy

Heart rate (bpm)

400 200
Beat number

Heart Failure

Heart rate (bpm)

Beat number
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Animate

Paenibacillus dendritiformis




Ben-Jacob, Biology and Science, 2010

iritiformis colony under stress
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Ben-Jacob, 5;131"""_ American, 2009

DiscerningHealth.org



= Time travel
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| they do that...?

iple independent agents?

II £/

, “planner”, or “boss”; No
, no central control?

r? Genetic mechanisms (DNA, RNA,

@ Success? Life has spread everywhere: thermal
- vents, under ice, hospital rooms
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Earth's crust forms (00:01)

nferred origin of ife? (9:18)

Paleozoic Era, frst dverse

sea life (52:34) : 3
Firs jellyish (51:12) -~
u..n-d..miug-- (41:45) {/
First cells with a nucleus (40:26)

Earth history in one hour
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Unique environments

Biomes evolve for all

1-3% mass, 90% of
DNA

GI biome essential for
digestion - the “extra
organ”

Bacteria manifest both
Individual and colony
behavior

Seoft Scbring

DiscerningHealth.org



tibiotic resistance
biomes create additional problems
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multiple drug resistant

ections
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Biomic therapy
difficile Infection

herapy.fecal microbiota transplantation

after one dose)

ugh, Clinice fectious Diseases, 2011
th cleaning of pacifiers

1ced asthma, eczema, sensitization
selmar, Pediatrics, 2013

al birth vs. C-section
1ced food allergy

e], Ped Allergy and Immunology, 2008

E Termine 1 wipe down with local biome?

DiscerningHealth.org



lexity begets complexity

erties even in prokaryotes

me Hukaryotes become multi-cellular
sk omplex individuals with

cialized tissues, ans.

then a central ne
. lll

iduals form complex adaptive systems (family
, tribes, alliances, nations, ...)

iduals jloin many complex adaptive systems
social, special interest groups ...)

= Each grouping imposes restrictions, but “wild type” is
not forgotten
= Each system creates new emergent behavior

system and “central
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Jlex Adaptive Systems

pendent agents

nt Phenomena
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Complex HC Diagram r Problem

Outcome Outcome Outcome

+;

Resources \
Relationshif\ Tipping Points
Rules&Reg.’s<_ Group Dynamics

Benefits ~ Decision Making

e L Fow| | e
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ne x F althcare Examples

t 1 health
ry decisions
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{and washing

@ Semmelweis, 1847 /65

@ Multiple observations:

= People don’t
consistently wash

m Docs worst

= Programs always
succeed

= Results never last

= Lesson: If itis
refractory, it is probably
complex
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Errors

Circadian rhythms

» Trainees and education

= Alarm fatigue
veranalyze the mistakes,

nder-study near misses;
ignore normals

housands of normals
intermingle with a few bad
outcomes

= Lesson: Big data sets will be

required. Statistical mechanics.
What is more important than why
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Xxpense

th care cost so much?

esson Complex systems are not in
- equilibrium; depend on continuous flow
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opulation Health

2alth was not in the initial flow
n the sickness care system

yursement for readmissions
w related to sustained

v, reduced re
anges in money

@ Les : Nudge the flow. Small adjustments to
the contents of the flow can have big results
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.1) nestled within ...
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- —

ftensivists and complexity

@ Formulate problems in complex fashion



r Drowning
or vehicle trauma
Syndrome

DiscerningHealth.org



me issues persist?

5 don’t work

spital acquired, “superbugs”

rently complex
iratory /cardiac/imi
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1plex adaptive system
Observations

ory, it is probably complex

| ot in equilibrium;
nd on continuous flow

= Don’t interview starlings. Don’t get mired in
- metadata
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