"Its not magic... but it feels like magic”
Doyne Farmer
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Lecture goals

e Students should be able to give an definition of Emergence /
Emergent Properties

e Understanding how emergence appears from a reductionist and
from a holistic perspective

e Understand the notion of system levels, agent, network and
emergent system.

e Understand that the physical and social reality as we perceive it
is a result of a continuous process of emergence from elementary
particles up.
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Reductionism vs Holism
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Holism

e A system, be it physical, social or biological cannot be determined
or explained by its component parts alone.

e The whole is more than the sum of its parts
e Extreme application of holism states that is makes no sense to

examine the components, and that we should only study the
system in its entirety.

e e.g. Climate change: Its baaaad, but what can we do about it ?
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Reductionism

e a complex system is nothing but the sum of its parts, and that an
account of it can be reduced to accounts of individual
constituents.

e TWO types
 acceptable and useful reductionism
» greedy reductionism.

e Greedy reductionism,often arises when reductionism is applied
too far, claiming that everything can and must be explained by
the smallest possible parts.

¢ e.g. Consciousness is nothing else but electrons moving around

D.C. Dennett. Freedom Evolves. Viking, New York, 2003.
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Fruitful middle

e From Reductionism :
* Yes, parts are useful and interact
 Causal interaction between elements causes new types of
phenomena (epiphenomena) to appear

e From Holism

* Yes the whole is more than the sum of parts
» “More is different” K. Kelly
« Downward causation affects the parts
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Emergent properties

e novel, qualitatively different features/properties in comparison to
the features of the system’s parts alone

e cannot be only reduced to the features of those parts and their
relations.

e Emergence is not a thing but a process
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Emergent properties are

e interesting,
* non-obvious
e consequences of interaction between low-level properties.

e They are more easily understood in their own right than in terms
of properties at a lower level.

e Can be desirable or undesirable
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Two aspects of emergent properties

e They are lost when we break systems down into components
e My heart or lungs, kidneys etc, spread out on a table are not alive

e When elements are removed from the system they loose the

emergent properties
« My hand can not type alone
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Examples of “good” vs “bad”
emergence
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Emergence is not a thing but a process
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Agent level
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Network Level
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Emergent system level
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Discovery vs Emergence

e There is a distinction between discovery and emergence:

e Discovery is a-temporal
* a new species of animal can be found at any time by being present at a
certain location at that specific time.
» Darwin had to be at the right place and time to discover new species and
thus “see” evolution.

e Emergence is the result of a process over time
« Ecosystems become over time, bodies grow etc.
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Patterns

e Levels are patterns
e Emergence makes novel patterns.

e The intuitive definition of emergence: “something new appears”

e Pattern formation: an observer identifies “organization” in a
dynamical system

e Intrinsic emergence: the system itself capitalizes on patterns that

appear
 Patterns building on patterns
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Enter Observer Dependence

¢ L evels / Patterns do not “exist” in the real world
e Emergence and patterns are in the eye of the beholder
e They are Observer Dependent...
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