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Background:

4 Q: What Is a fractal?

AA Depends who you
I Mandelbrot: Self -similar geometric shapes
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T Koch Curve
T Mandelbrot set




Background:

4 Q: What Is a fractal?

AA Depends who you as
I Mosco: | f cal cul us 1 s th

I Smooth geometry is a sailboat
I Afractal is a tree




Background:

4 Q: What Is a fractal?

AA Depends who you as

I Computer Scientist: A programming nightmare
I Infinitely recursing function calls
I Exponential growth




Background:

4 Q: So where does it all end?

4 A: Good guestion.
i(weoll get back to that one)



Refining the Problem

4 Iterated function system:.
I 10 Take a normal geometrical object

I 20 Make N copies of it

i 30 Scale each of the copies down by a factor U
and place them inside a pre -determined boundary
wi thout overlapping Atoo m

I 40 GOTO 20 A (repeat ad nauseam) 2
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Refining the Problem

4 lterated function system

4 Interesting properties:

I At each step, we have a familiar geometrical
figure, which we can analyze with the usual tools
Ai.e. Calculus
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Refining the Problem

4 lterated function system
4 Interesting properties:

A Calculus
A Bounded domain

A Constructed of many identical pieces
I Cheaper to buy in bulk (economy of scale)
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Be Real 1l st

4 Infinity Is not a real number.

4 Consider the domains as corrals, city
blocks, sections of a garden, etc.
I Someone has to live there!
4 If the domains are metal plates of an
antennaée
I What frequencies do we want to absorb?
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Let 0s Be Real 1l st

i Restrict the size of the domain

I Maximum Total Area
ASize of the farm, city, antenna, etc.
AThe fibounding regiono for

I Minimum Size of a Partition
A Size of the cow, houses, precision cutter, etc.
AThe domainds fAcharacteri s
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Are Some Domal ns

il Nt roduce an nNnenviron

I A function (or set of functions)
defined over the domain

4 Evaluate a domain by integrating the function.
I For a set of functions, integrate each and
take a weighted sum of the results.
4 Consider each partition defined Iin the
construction.
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Are Some Domal ns

A Simple case: f(x,y) =1
I Evaluates to the area of the domain
IBirgger domains are nbe’
4 Slightly more interesting: g(x,y) =y
I e.g. Real estate near a floodplain
iMore complicated func
I h(x)y) = cos(f*a (x-a)*+(y-b)?)+0)
I Multiple partitions with different functions
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Freedom of Choice

» Remember those N and U?

R TICEY BX

A What If they varied?

D i = Bl = &

iQ: What does the fAbesto

+ Q: Can we choose U intelligently at each iteration?
I (Further study)
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The Program

4 Construct a space of possible domains,
given:
I Bounding region
I Characteristic length
I Method of iterative construction
ADiscrete choices for N, U

i Evaluate each domain in the
environment, and compare
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Discovery

iFor some functions, t
evaluated domain Is constructed using
a mixture of different division ratios U.

inbesto domain depends

4 Define a continuum class of functions:
I e.qg. h(x,y) = cos[f*a (x-a)2+(y-b)2)+0]
I Variantunder f, a, b, 0
Af: frequency
A(a,b): origin point of the wave
Ao: phase offset 5
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Discovery

i Consider 1 -dimensional variance

i Base Triangle: (0, 0) ; (1, 0) ( 1/ z
i Using U= 2 or 3, dividing rather than multiplying and scaling

,
|
|

Divide no more than 5 times

I Vary fwith(ab) = (1/2p=0Q/ (2a3))
" Evaluate over upward -pointing triangles

iRSMoot ho curve of bes

4 Best domain changes many times over

the continuum of f values
I Question: What is the structure of the set of

WPI

points which |1 e on the fc
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Discovery

4 Try 2-dimensional variance

I Same Base Triangle: (0, 0) ; (1, 0)
I Characteristic length of 1/100 for minimum side length

i Unow limited only insofar as it does not divide the domain into
any pieces smaller than the characteristic length

I Vary fand owith(a,b) = (1/ 2, 1/ (2a3))
I Evaluate over downward -pointing triangles

4 For variety, select pseudo -random
points in the continuum to evaluate,
rather than a uniform grid.
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Pretty Pictures

O (phase offset) . Height: value of the
best evaluated domain

1/ f (wavelength)
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Tools

4 Object -oriented programming language
I C++
I Matlab
4~ Numerical Calculus
I Approximating integrals using triangular mesh

4 A little bit of graph theory

I A choice at each iteration naturally suggests a
tree structure for the space of configurations

4 Variational Analysis

I Consider not only changes in domain, but in the
function 19
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Tools

A Economics
4 Physics
4+ Game development
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