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Fractal Symmetry 

• A symmetry consists of two things: 

– A collection of transformations 

– A feature or structure which remains unchanged 
under those transformations 

• In fractals, the transformations take the form 
of scaling.   The symmetry is then manifested 
as similarity at different scales.   



How do we recognize a fractal 
symmetry? 

• 2 ingredients 
– A parameter (attribute) which can be 

scaled/adjusted.  For example: 
• Spatial size 

• Length in time 

• Loudness/softness 

• Number of people 

• Musical pitch/frequency 

– A feature which is repeated at several values of 
the parameter 



Example: Fractal Village 

• In Eglash’s example of the African village, the architects 
made a symmetry using spatial size. 
– Spatial size forms the “background” scale in which the fractal is 

built. 

• The transformations in this symmetry consist of moving 
between the following scales:  
– The spirit world (in miniature) 
– The home 
– The extended family cluster 
– The village 

• The feature preserved under these transformations is the 
crescent formed by the altar, house, cluster of family 
homes, and village itself.   



Chaos 

• Chaos is a feature of certain “dynamical 
systems". 

• A dynamical system is a setting where we can 
talk about: 

– The state of the system at a given point (in time) 

– A rule of evolution, which describes how a given 
state will develop (as time progresses) 

 



Example: A (non-chaotic) system 

• A simple example of a dynamical system is a 
walking person. 
– The state (at a particular moment) is the location 

of a person. 

– Each moment, the person takes a single step 
forward (this is the rule of evolution, i.e. the 
change from the state at one moment to the state 
at the next is the person taking a single step 
forward). 

   



Chaotic Systems 

• In dynamical systems, we frequently know only: 
– The present state 
– The rule of evolution 

• In practice, we only ever know these approximately. 
• We want to predict the future states 
• The margin of error in our present knowledge means that our 

predictions will have some margin of error as well 
• Chaos describes the expected ratio between the error of our 

present knowledge and the error of the resulting predictions 
• Low chaos means our predictions are off by roughly the same 

amount (or less) as our initial knowledge 
• High chaos means that small errors in initial knowledge lead to 

large errors in prediction 



Example: Weather (a chaotic system) 

• The difficulty of making accurate weather 
forecasts is an indication of how chaotic 
weather systems are.  It requires huge 
amounts of data and computing power to 
predict weather 2-3 days in the future, and 
even these predictions are frequently wrong. 



Keywords 

• Parameters 
– Attributes which can take a range of values, e.g. 

length, duration, volume, frequency 

• Perturbance  
–  a small change.  When working with dynamical 

systems, a frequent approach to understanding 
the system is to really understand the evolution of 
one initial state, and then study how the evolution 
changes when we make small changes to this 
state.   

 

 



Keywords 

• Divergence (in the context of dynamical 
systems)  

– When different initial states lead to different 
evolutions of the same system.  Divergence can 
also refer to the size of the difference in outcomes 
relative to the difference in initial states.  Infinite 
divergence is a metaphor for describing the most 
chaotic systems, where any change in initial states 
leads to enormous differences in evolution. 
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• Generations/iterations 
– A frequent approach to studying dynamical 

systems is to approximate the continuous 
evolution by a series of frames in succession, in 
the same way that we record a film.  If the 
evolution process is the same between each 
frame, (or if each frame captures a complete cycle 
of the development), we can think of each frame 
as representing a generation.  The system evolves 
from one frame to the next by completing a single 
cycle, or iteration, of the evolution process.   
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• Crisis 
– The short version: a “crisis” is a sudden introduction of 

chaos/unpredictability/big-shifts-in-behavior into a dynamical system.   
– A longer version: in a dynamical system, we can imagine states of the 

system as forming the points of a space.  In this metaphor, the 
evolution of a particular state forms a path in the space.  One way to 
study dynamics is to describe how these paths move through the 
space.  Frequently, there will be areas of the space (collections of 
states) which some or all of the paths (evolutions) converge to if given 
enough time.  We call these areas “attractors”, and the shape they 
form in the space tells us a lot about the system.  Chaotic systems are 
frequently recognizable by the presence of attractors with fractal 
shapes; the fractal geometry of the attractor is the manifestation of 
how complex the dynamics become.  A “crisis” in a dynamical system 
takes place when a small change in states shifts the evolution paths so 
that they converge to a fractal attractor (whereas without the change 
they converge to a non-fractal attractor).  



Keywords 

• Feedback 

– Feedback is when there is an unchanging 
reference state (or parameter of a state) in a 
dynamical system, and the evolution of other 
states depends on their relationship to this 
reference state.  Feedback is positive if the farther 
a state is from the reference state, the faster it 
moves away, and negative if the farther a state is 
from the reference state, the faster it moves 
closer. 
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• Turbulence 
– In the spatial metaphor for a dynamical system (a 

state is a point in space, its evolution is a path in 
space), turbulence refers to paths whose evolution 
exhibits chaotic features.  For example, a path passing 
near a crisis frequently has turbulence.  Any path 
passing near or converging to a fractal attractor is 
turbulent.   

– A common example of a fractal attractor in nature is a 
whirlpool in a current.  Water passing near the 
whirlpool is turbulent in the everyday sense.   


