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The remarkable simplicity of complexity

October 1 2014, by Andy Martin And Kristian Helmerson

Patterns of emergence are all around us. Credit: Feliciano Guimaraes/Flickr, CC
BY

From the fractal patterns of snowflakes to cellular lifeforms, our
universe is full of complex phenomena — but how does this complexity
arise?

"Emergence" describes the ability of individual components of a large
system to work together to give rise to dramatic and diverse behaviour.
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Recent work by Enkeleida Lushi and colleagues from Brown University
showed how bacteria in a drop of water spontaneously form a bi-
directional vortex, with the bacteria near the centre of the droplet
circulating in the opposite direction to those near the edge. Since the
bacteria do not consciously decide to create the bi-directional vortex,
such behaviour is said to be "emergent".

Unlike music from an orchestra led by the conductor, emergent
behaviour arises spontaneously due to (often simple) interactions of the
constituent parts with each other and the surrounding environment. Here,
there is no "leader" deciding on the behaviour of the system.

Complex emergent phenomena are often not predicted by an
understanding of the behaviour of the constituent parts underlying them.
In other words, emergent systems are considered to be greater than the
sum of their parts. As Nobel laureate Philip Anderson said: "More is
different!"

Emergent behaviour is sometimes understood through the development
of simplified models, such as cellular automata. Such models include the
interactions between the elements of the system and their effect on the
environment. For the case of the bacteria in the water droplet the
emergence of the highly ordered, bi-directional vortex arises from
simple interactions between the bacteria and the effect of their
propulsion on the properties of the fluid.

Emergence all around us

Many biological systems commonly exhibit emergent behaviour. The
complex behaviour of flocks of birds, colonies of ants, swarms of bees
and schools of fish emerges from the interactions of the constituent parts
of the respective systems.
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http://www.pnas.org/content/111/27/9733.abstract
http://mathworld.wolfram.com/CellularAutomaton.html
https://phys.org/tags/biological+systems/
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Consider an ant colony. In the absence of centralised decision making,
ant colonies exhibit complex, problem solving behaviour. This behaviour
emerges from the reaction of individual ants to simple chemical stimuli
— from larvae, other ants, intruders, food and waste.

In turn, each ant produces chemical signals, providing a stimulus that
other ants respond to. From simple interactions leading to self-
organisation, ant colonies have demonstrated the ability to collectively
solve geometric problems, such as optimising their foraging route to and
from food resources.

The idea of emergence, though, isn't confined to biological systems. It
pervades all areas of science and is a manifestation of other complex
interacting systems in our daily lives, such as stock markets, the
connectivity of the internet, and traffic flow.

In fact one can argue that the richness of the world around us emerges
from the complex behaviour of many interacting components. As
elegantly stated by the German scientist and engineer Jochen Fromm:

one water molecule is not fluid
one gold atom is not metallic
one neuron is not conscious
one amino acid is not alive

In physics, magnetism of everyday materials emerges from the
spontaneous alignment of the magnetic moment of billions of electrons.

Similarly, phenomena such as superconductivity and superfluidity
emerge from the cooperative flow of electrons and atoms, respectively,
at temperatures close to absolute zero (-273C). On a much larger scale,
the structure of the universe emerges from the gravitational attraction of
stars.
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https://phys.org/tags/interactions/
http://www.uni-kassel.de/upress/online/frei/978-3-89958-069-3.volltext.frei.pdf
http://www.collinsdictionary.com/dictionary/english/magnetic-dipole-moment
http://chemistry.about.com/od/chemistryfaqs/f/absolutezero.htm
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In chemistry, many atoms combine to form macromolecules with
structures that emerge from the secondary interaction of the atoms,
which determines their function in molecular biology. In turn, cells
emerge from the interaction of many of these macromolecules —
resulting in cell biology.

Bridging the levels of complexity

Despite the ubiquity of emergent behaviour there remains no deep
understanding of emergence. At each level of complexity, new laws,
properties and phenomena arise and herein lies the problem.

Properties describing one level of a complex system do not necessarily
explain another level, despite how intrinsically connected the two may
be. Understanding the emergence of the structure of molecules does not
necessarily allow one to predict the emergence of cellular biology.

While controlled experiments such as those of Enkeleida Lushi and
colleagues may help to identify the essential ingredients of emergent
behaviour, new ways of thinking about emergence that go beyond
conventional modelling of specific systems are required.

These would allow us to determine unifying principles of emergent
behaviour — bridging all levels of complexity.

As such, understanding and harnessing the fundamental organising
principles of emergence remains one of the grand challenges of science.

This story is published courtesy of The Conversation (under Creative
Commons-Attribution/No derivatives).

Source: The Conversation
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http://www.epsrc.ac.uk/research/ourportfolio/themes/physicalsciences/introduction/grandchallenges/
http://theconversation.edu.au/
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