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Yaneer Bar-Yam, Complexity
rising: From human beings to
human civilization, a complexity
profile, in Encyclopedia of Life
Support Systems (EOLSS),
(EOLSS Publishers, Oxford, UK,
2002).
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Flock of birds

The formation of complex Honey comb
symmetrical and fractal patterns
in snowflakes
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https://en.wikipedia.org/wiki/Fractal
https://en.wikipedia.org/wiki/Patterns_in_nature
https://en.wikipedia.org/wiki/Snowflake
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Quartz (crystalline SiO2)
“Glass is very familiar in nature, and also a complex object that we normally see but we don’t recognize as complex,”
said Parisi by phone during the Nobel announcement in Stockholm.
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The Nobel Prize in Physics 2021 was awarded "for groundbreaking contributions to our

understanding of complex systems" with one half jointly to

Syukuro Manabe and Klaus Hasselmann

"for the physical modelling of Earth's climate, quantifying variability and reliably
predicting global warming"

and the other half to

Giorgio Parisi

"for the discovery of the interplay of disorder and fluctuations in physical systems from
atomic to planetary scales."

Klaus Hasselmann Syukuro Manabe Giorgio Parisi

17



Observations of changes in temperature (°C)
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ldentifying fingerprints in the climate

Klaus Hasselmann developed methods for distinguishing between
natural and human causes [fingerprints) of atmospheric heating.
Comparison between changes in the mean temperature in relation to
the average for 1901-1950 (°C).
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History: cybernetics and system theory

* The idea that systems in different scientific disciplines follow
similar principles, and that models for one might be useful for
others, was formulated in the theory of cybernetics.

Norbert Wiener and Arturo Rosenblueth coined the term
‘cybernetics’ in 1947 as the theory of control and communication
in living and nonliving systems.

The notions of feedback and self-organization, now central to
the study of complex systems, were already present in their work.

Cybernetics: Or Control and Communication in the Animal and the
Machine (Wiener 1961).

e The biologist Ludwig von Bertalanffy became one of the pioneers
of the general systems theory. In 1945 he introduced models,
principles, and laws that apply to generalized systems or their
subclasses, irrespective of their particular kind, the nature of

their component elements, and the relation or forces' between
them.

General SystemTheory: Foundations, Development, Applications (Bertalanffy 1969).

20

Arturo Rosenblueth (1900-1970)

Ludwig von Bertalanffy (1901-1972)


https://en.wikipedia.org/wiki/Ludwig_von_Bertalanffy
https://en.wikipedia.org/wiki/Systems_theory
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Simplicity
Disorganized Complexity
Organized Complexity

SCIENCE AND COMPLEXITY

By WARREN WEAVER
Rockefeller Foundation, New York City

"Science and Complexity", American Scientist, 36: 536 (1948).

Based upon material presented in Chapter 1' "The Scientists Speak,” Boni & Gaer Inc.,1947. All rights

reserved.

S CIENCE has led to a multitude of results that affect men's lives. Some of

these results are embodied in mere conveniences of a relatively trivial sort. Many
of them, based on science and developed through technology. are essential to the
machinery of modern life. Many other results, especially those associated with the
biological and medical sciences, are of unquestioned benefit and comfort. Certain
aspects of science have profoundly influenced men's ideas and even their ideals.
Still other aspects of science are thoroughly awesome.

How can we get a view of the function that science should have in the developing
future of man? How can we appreciate what science really is and, equally
important, what science is not? It is, of course, possible to discuss the nature of
science in general philosophical terms. For some purposes such a discussion is
important and necessary, but for the present a more direct approach is desirable.
Let us, as a very realistic politician used to say, let us look at the record.
Neglecting the older history of science, we shall go back only three and a half
centuries and take a broad view that tries to see the main features, and omits
minor details. Let us begin with the physical sciences, rather than the biological,

21




The rise of complexity science
Santa Fe Institute (1984)

* In the 1980s John Henry Holland, Murray Gell-Mann and others
coined the term "complex adaptive system" at the
interdisciplinary Santa Fe Institute.

https://www.santafe.edu

John Henry Holland (1929-2015) Murray Gell-Mann (1929-2019)
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https://en.wikipedia.org/wiki/John_Henry_Holland
https://en.wikipedia.org/wiki/Murray_Gell-Mann
https://en.wikipedia.org/wiki/Complex_adaptive_system
https://en.wikipedia.org/wiki/Santa_Fe_Institute
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Mathematics

Fractals

Chaotic
systems
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Neural Network

C. Elegans)
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//gephi.org/wp-content/uploads/2008/12/screenshot-celegans
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http://1.bp.blogspot.com/ vIFBm3t8boU/SBhzqbchle/AAAAAAAAAXK/RsC-Pj45Avc/
s400/food%2Bweb.bmp
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Scientific collaboration networks
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M. E. J. Newman and M. Girvan, Physical Review E 69, 026113 (2004).
Image: MEJ Newman, http://www-personal.umich.edu/~mejn/networks/
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Primary school,
cumulative contact network
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Online (virtual) social networks

facebook
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Figure 2, Bipartite graph of the metabolic network of Ureaplasma wrealyticum. Dark gray and white nodes represent
enzymes and light gray nodes represent metabolites (Lemke et al., 2004).

Metabolic Network

http://www.funpecrp.com.br/gmr/year2005/vol3-4/wob01 full text.htm
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Fig. 1.2 A protein interaction network, showing a complex interplay between highly connected
hubs and communities of subgraphs with increased densities of edges (From Palla et al. (2005))
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World airport network
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The Global Wealth Pyramid 2 (ddSes) (Sl glag) 5

An overview of global wealth distribution in 2021 e 6L§4§L¢L«;
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Source: Credit Suisse 2022 Global Wealth Report
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System thinking

» Systems thinking is a way of making sense of the
complexity of the world by looking at it in terms of
wholes and relationships rather than by splitting it
down into its parts.

e The systems thinking approach contrasts with
traditional analysis, which studies systems by
breaking them down into their separate elements.
Systems thinking can be used in any area of research
and has been applied to the study of medical,
environmental, political, economic, human resources,
and educational systems, among many others.

Jay Wright Forrester (1918-2016)
e Attention to feedback is an essential component of
system thinking.

e Systems thinking originated in 1956, when Professor
Jay Forrester founded the Systems Dynamic Group
at MIT's Sloan School of Management.
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THINKING IN LOOPS

Sales . Sales Sales ,
Are —» Marketing > Orders —> Are —> Backlogs —> Are —> Marketing
Down Promotions Increase U D Promotions
p own
Marketing
Promotions\ / \
(B)
Orders Backlogs
Increase/Decrease (D)
Sales Are (_/(C) \ /
Down/Up
(A)
Thinking in loops helps us see the interrelationships among all the variables in
the system.
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