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Background:Background:

ÁQ: What is a fractal?

ÁA: Depends who you aské

ïMandelbrot: Self -similar geometric shapes
ï Koch Curve

ï Mandelbrot set



Background:Background:

ÁQ: What is a fractal?

ÁA: Depends who you aské

ïMosco: If calculus is the windé
ï Smooth geometry is a sailboat

ï A fractal is a tree



Background:Background:

ÁQ: What is a fractal?

ÁA: Depends who you aské
ïComputer Scientist: A programming nightmare
ï Infinitely recursing function calls

ï Exponential growth



Background:Background:

ÁQ: So where does it all end?

ÁA: Good question.
Á(weôll get back to that one)



Refining the ProblemRefining the Problem

ÁIterated function system:
ï10 Take a normal geometrical object

ï20 Make N copies of it

ï30 Scale each of the copies down by a factor Ŭ

and place them inside a pre -determined boundary 

without overlapping ñtoo muchò

ï40 GOTO 20    (repeat ad nauseam)
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Refining the ProblemRefining the Problem

ÁIterated function system

ÁInteresting properties:
ïAt each step, we have a familiar geometrical 

figure, which we can analyze with the usual tools

Åi.e. Calculus
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Refining the ProblemRefining the Problem

ÁIterated function system

ÁInteresting properties:
ÅCalculus

ÅBounded domain

ÅConstructed of many identical pieces

ïCheaper to buy in bulk (economy of scale)
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Letôs Be RealisticLetôs Be Realistic

ÁInfinity is not a real number.

ÁConsider the domains as corrals, city 

blocks, sections of a garden, etc.

ïSomeone has to live there!

ÁIf the domains are metal plates of an 

antennaé

ïWhat frequencies do we want to absorb?
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Letôs Be RealisticLetôs Be Realistic

ÁRestrict the size of the domain

ïMaximum Total Area

ÅSize of the farm, city, antenna, etc.

ÅThe ñbounding regionò for the domain

ïMinimum Size of a Partition

ÅSize of the cow, houses, precision cutter, etc.

ÅThe domainôs ñcharacteristic lengthò
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Are Some Domains ñBetterò?Are Some Domains ñBetterò?

ÁIntroduce an ñenvironmentò

ïA function (or set of functions)

defined over the domain

ÁEvaluate a domain by integrating the function.

ïFor a set of functions, integrate each and 

take a weighted sum of the results.

ÁConsider each partition defined in the 

construction.
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Are Some Domains ñBetterò?Are Some Domains ñBetterò?

ÁSimple case: f(x,y) = 1

ïEvaluates to the area of the domain

ïBigger domains are ñbetterò

ÁSlightly more interesting: g(x,y) = y

ïe.g. Real estate near a floodplain

ÁMore complicated functionsé

ïh(x,y) = cos (f*ã((x-a)2+(y-b)2)+o)

ïMultiple partitions with different functions
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Freedom of ChoiceFreedom of Choice

ÁRemember those N and Ŭ?

ÁWhat if they varied?

ÁQ: What does the ñbestò domain look like?

Á Q: Can we choose Ŭintelligently at each iteration?

ï (Further study)

Worcester Polytechnic Institute

13

N=3 N=3ɹ=2 ɹ=2

N=3 N=6ɹ=2 ɹ=3



The ProgramThe Program

ÁConstruct a space of possible domains, 

given:

ïBounding region

ïCharacteristic length

ïMethod of iterative construction

ÅDiscrete choices for N, Ŭ

ÁEvaluate each domain in the 

environment, and compare
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DiscoveryDiscovery

ÁFor some functions, the ñbestò 

evaluated domain is constructed using 

a mixture of different division ratios Ŭ.

ïñbestò domain depends on the function.

ÁDefine a continuum class of functions:

ïe.g. h (x,y) = cos [f*ã((x-a)2+(y-b)2)+o]

ïVariant under f, a, b, o

Åf: frequency

Å(a,b): origin point of the wave

Åo: phase offset
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DiscoveryDiscovery

ÁConsider 1 -dimensional variance
ïBase Triangle: (0,0) ; (1,0) ; (1/2,ã(3)/2)

ï Using Ŭ= 2 or 3, dividing rather than multiplying and scaling

ï Divide no more than 5 times

ï Vary f with ( a,b) = (1/2, 1/(2ã3)) , o = 0

ï Evaluate over upward -pointing triangles

ÁñSmoothò curve of best domain values

ÁBest domain changes many times over 

the continuum of f values
ïQuestion: What is the structure of the set of 

points which lie on the ñcuspò of such changes?
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DiscoveryDiscovery

ÁTry 2-dimensional variance
ïSame Base Triangle: (0,0) ; (1,0) ; (1/2,ã(3)/2)

ï Characteristic length of 1/100 for minimum side length

ïŬnow limited only insofar as it does not divide the domain into 

any pieces smaller than the characteristic length

ï Vary f and o with ( a,b) = (1/2, 1/(2ã3))

ï Evaluate over downward -pointing triangles

ÁFor variety, select pseudo -random 

points in the continuum to evaluate, 

rather than a uniform grid.
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Pretty PicturesPretty Pictures
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1/ f (wavelength)

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



ToolsTools

ÁObject -oriented programming language

ïC++

ïMatlab

ÁNumerical Calculus

ïApproximating integrals using triangular mesh

ÁA little bit of graph theory

ïA choice at each iteration naturally suggests a 

tree structure for the space of configurations

ÁVariational Analysis

ïConsider not only changes in domain, but in the 

function
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ToolsTools

ÁEconomics

ÁPhysics

ÁGame development
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FractalsFractals
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