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Title Slide 1:
Introduction: 
Curious Picture(s), Fractals: The Geometry of Nature, shapes that repeat themselves at varying levels of magnification. Traditionally geometric objects are referenced as points, lines, squares, cubes, triangles, circles, spheres, cones, cylinders, pyramids, polygons, even octahedron, dodecahedron, etc., but in the late 1800’s a group of mathematicians would shatter Euclidean concepts with pathological, irregular shapes that resided in fractional dimensional space. This new mathematics dubbed a “Gallery of Monsters”, would lay the ground work for what we now call, fractal geometry. Today with the advent of modern computer imaging many these computational intensive “Monsters” have been brought to visual life.
My name is Bernt Wahl, I had the honor to serve as a Fulbright in Cyberjaya, Malaysia, where I taught classes such as Cyberpreneurship to 1,500 engineering and computer science students. Through the Fulbright Program I: helped evaluate new enterprises for venture funds, developed Malaysian competitive strategy, worked for the UNDP to promote eco-tourism, took a students jungle trekking, spoke at numerous conferences, and engaged with a variety of  folks - from global leaders to local craftsman. I had the opportunity to interact with a multitude of cultures as I visit all 14 Malaysian states and travelled to 13 regional countries. One of my fondest adventures took me to remote regions of Borneo to talk to school children about fractal geometry. As a Fulbright, you are bound to make many lifelong friends. As I tell my students and friends, when you are offered an opportunity —  such as a Fulbright— seize it, use your skills to transform the world to make it a better place.
In my work as Mathematician and Information Scientist, I use Fractal Geometry and Chaos Theory to examine compelling problems. These include deciphering quantum encryption, building navigation structures for location intelligence, calculating the fractal dimension of search algorithms, creating computer animation, designing fashion, understanding relationship dynamics, predicting the spread of infectious diseases, structuring social networks, composing music, analyzing economic and political unrest, making medical evaluations, structuring massive amounts of data, forecasting financial markets, analyzing power grids, and even imaging thought patterns in the brain to know what people are seeing, hearing and potentially thinking.
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Fractals are often called, “The Geometry of Nature.” 
These self-similar structures are not only conceptual, but they can be found thought-out the natural world. If you look at plants, trees, mountains, clouds, the body, many objects exhibit fractal structure. We even think fractal thoughts.
As the father of modern fractal geometry Benoit Mandelbrot said,
“ Mountains are not cones, clouds are not spheres and bark is not smooth nor does lightning travel in a straight line.
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History - a Gallery of Monsters
The shattering of Euclidian geometry through art, architecture and mathematics.
With the advent of photography, painters did not need create artistic realism. This was especially evident in Paris in the late 1800’s where new forms of abstract art: Cubism, Dadaism, Impressionism, Expressionism, Cubism art emerged on to the world stage. 
Architecture too started to see greater functionality with new styles such as Art Nouveau that incorporated both esthetics as well functional form structural form. The Eiffel Tower is a prime example of architecture that uses continually supporting struts and beams to optimize strength and height while minimizing the materials in a fractal structure.
Not to be left out a group of mathematicians created new forms of mathematic principles and geometries. Armed with irregular shapes, repeating iterations, as if to shout out "See this is not all mathematics has to offer.” Initially this emerging branch of mathematics was thought to comprise shapes independent of the structured world, breaking free from the constraints of traditional mathematics. Seeking to break the bonds of Euclidian Geometry, they create nowhere differentiable curves, ever repeating patterns, objects with in-between dimensions, often often embracing elements of nature. 
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Fractal Types
· Linear Fractals made with lines, generally making exact copies of itself at ever diminishing scales of magnification.
· Nonlinear Fractals are made with equations, while similar in shape there generally are some slight variations.
· Others fractals include: crystal growth, random paths, and many of the patterns found in nature, etc.
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World of Mathematics
Here is a map drawn by one of my teenage “Chinese” daughters showing how different related mathematics fields are associated to fractal geometry and chaos theory. As you can see on this map fractals are disproportionally represented.
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Linear Fractals
With linear fractals you basically start out with a seed shape and continuously replace line segments with the initial seed.  Mathematically we can grow structures in nature such as trees and ferns from a basic mathematical seed, I believe we are close to understanding how DNA transfers mathematical building-block structure to plants. Much like Alan Turing was able to mathematically formulate how animal strips are formed into spontaneously self-organized patterns. In the two animated pictures you can see how a cube seed and how a Sierpinski pyramid are created by continually removing inner segments. This generating process transforms 3D objects into 2D objects residing in a 3-dimensional space.
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Koch Curve 
You start out with 3 connected line segments, then replace the middle segment with two line segments of equal lengths. You continue the process, every iteration the curve grows by 4/3. If you do it forever the curve will have an infinite length with a dimension greater than 1, but since it does not cover area is dimension is less than 2, so it has an in-between dimension or a fractal dimension, which in the case of the Koch Cure is roughly about 1.22.
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Dragon Curve
Dragon Curves is made from 2 line segments following specific rotation, based on the orientation different patters will result. Because the the repeated pattern will cover all points within its given plane it is a 2-dimensional image. 
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Measuring a Coastline
A coastlines length depends on the size of the measuring unit. Smaller units will result in longer measurements. So you can’t give a definitive answer to a length, but if use the ratio of length to the instruments measurement you can calculate the coasts relative roughness which correlates to its fractal dimension. 
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Nonlinear Fractals
Nonlinear Fractals are generated with equations, the most famous is the Mandelbrot Set. They tend to be self-similar but can have a an enormous amount of variations in their geometry.
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Mandelbrot and Julia Sets
x -> x^2  + c  iterated over the real and imaginary plane. You can zoom-in forever and continue to amazing self-similar images. 
1^2 = 1, -1^2 = 1, 0^2 = 0 so these are contain or black region. Outside numbers that are head-off to infinity are generally colored to correspond at how fast they expand.
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Fractals in Our World
Multiple uses of fractal geometry:
Music -
Ocean waves and music have similar fractal dimension. We can anticipate sounds, but not always get it right, the learning curve of complexity.
Music 1/f noise (noise pink), the mix of brownian motion and white noise. Random steps vs. static (white noise).
The more complex the music (Mozart vs. Bach) the time the listener will need to familiarize themselves with the music. Fractal complexity in an artist’s work can also determine the state of mental activity in their composition.
Art - is often conveyed from thought patters of the mind. Jackson Pollock had created his works with a certain paint distribution.  These painting patterns were later used to differentiate authentic works from forgeries. Fractal complexity in an artist’s work can also determine the state of mental activity in their paintings.
Computer Science - Fractals are used to create realistic looking landscapes, first used in the motion picture “Star Trek: Wrath of Kahn.” in creating the Genesis sequence and gave raise to the animation company Pixar. They also are used to make endless mathematical animations. Fractal structure is also used to process large data sets efficiently. 
Psychology Dynamics - fractals and chaos theory are being used to study relationship dynamics. Models have been made that can predict if a couple will stay married for 15-years with 94% accuracy.
Pop culture and fashion - patterns fractals are used to design fashion and colorful posters.
Finance Mathematics - fractals and chaos theory are being used to find instabilities and repeating patterns in financial markets. 
Science - used throughout science to examine structures at different scales. Explaining non-Newtonian mechanics as in the case of gaps in the rings of Saturn and prediction of water droplet phase space.
Mathematics - examining new fields of mathematics
Body Medicine - predicting heart attacks, detecting cancer in breast tissue with calcium distribution, minimizing needed organ and tissue removal of cancer, example the liver.
Design and function - how organizations work and what we find ascetically pleasing.
Thought - fractals are used in neural networks to optimally process information in the brain and computationally. 
End:
Koch Curve Poem
“Triangles outside triangles outside triangles, 
  ad infinitum the Koch curve goes; 
  it's infinite, yet infinitesimal, this self-similarity shows. 
  A length too long to measure, an area too small to see,  
  what else can this contradiction be - behold fractal geometry."  






Fractasia
The Adventures of the Fractal Explorer
Sierpinski Triangle Poem
“Triangles inside triangles inside triangles, 
  ad infinitum the Sierpinski gasket goes; 
  it's infinite, yet infinitesimal, this self-similarity shows. 
  A length too long to measure, an area too small to see,  
  what else can this contradiction be - behold fractal geometry."  






Fractasia
The Adventures of the Fractal Explorer -Bernt Wahl
Notes:
Linear Fractal Short time cover as many
- What are fractals? Shapes that repeat themselves under several levels of 
Music -
Art -
Mathematics 
Science - 
Design and function-
Thought -
Body -
Finance - 
Pop culture -
Computer Science -
Music 1/f noise, mixer of brownian motion and white noise. Ocean waves and music have similar fractal dimension. random steps white noise pink
Predict and prevent breast cancer, remove cancerous legions from kidneys,
our body uses as a redundant system of gains and arteries,
Art : the right distribution of imaging. Jackson Pollock
Crystals structure .
Computer animation, Pixar founded using fractal imaging of mountains.
Fractal Architecture
· Google Search algorithm .85 data and information 
· Financial Markets
· Stock, 
· Medicine
· Fractasia, fractal poem book, fractal music, Fractaland, tiles fabrics, computer
Thought patterns 
Fashion  Jhane Barnes, Todd Oldham
- Relationship between Fractals and Chaos. John Gottman
· Andy Warhol got it wrong it is 18 minutes of fame.
· Chaos to Fractals
· Gottman Relationships
2D fractals in a 3D plane.
Jackson Polik.
Image compression
Mind works
Music waves
Medicine
Machine learning

•
aggregation growths

•
art

•
cardiovascular system analysis

•
computer graphics

•
cellular automata modeling

•
chemistry

•
city planning

•
crystallography

•
data compression

•
dielectric processes

•
electro-chemistry

•
epidemics

•
geology

•
image rendering

•
image processing

•
lung analysis

•
kidney structures analysis

•
material science

•
mammography

•
meteorology

•
metallurgy

•
music

•
network structure

•
optimum path transmission models

•
peace and conflict studies

•
psychology

•
plant structures

•
population biology

•
semiconductors

•
stellar formation

•
structural engineering

•
traffic flow
- Music is fractal structure is fractal, we think and organize things with fractal thought. locations, neighborhoods.
· Math Map From my Story Book Fractasia. Where fractals are located dis proportionately placed
· History of Fractals Paris.  Art Architecture , Gallery of monsters Eiffel tower
· Mandelbrot set Picture
· Geometry of Nature
· Props Yard stick, clothes dress “Not your typical mathematician.
· Images: Kock curve, Dragon curve animation
· Poem Koch Sierpinski Triangle. Coast meaning stick 
· Broccoflower, Fractal art Jackson poles Tree
· Waves of music . How the Mind works. 
· DNA for plants separation.
· Cantor Set, Koch Curve, Dragon, Hilbert Curve
· Fractal different curve 
· Dimension Measuring stick zoom
· Fractal poems
· Music 1/f random steps white noise pink
· Different detention shape Serpinki curve 2D in a 3D plane
· Fields lay dormant until Computers could bring them to visual life.
· Stock, Medicine all uses book and videos
· Animation
· Pathological curves
- Google Search Algorithms 
- Fractasia, fractal poem book, fractal music, Fractaland, tiles fabrics, computer
- Fractal internet
- Books Fractal Explorer
Google Search algorithm .85 data and information
fractals Markets, search quantum computing John Gothman Mathematic of Marrage, the family and friendship. Relation
- Music D of clouds 2.2  Rap Mozart Bach
Story
- Relationship between Fractals and Chaos. John Gottman
· Andy Warhol got it wrong it is 18 minutes of fame.
· Chaos to Fractals
· Gottman Relationships
2D fractals in a 3D plane.
Image compression
Mind works
Medicine
Machine learning 
Today
Most beautiful equation into google. I hope I have shown you otherwise.
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