IFSver5 Tutorial

| ntroduction:

It is easy to represent the geometric operations of trandation, refledion, rotation and
contradion as algebraic statements. These statements, which are transformations from the xy
plane onto the xy plane, can be gplied randamly to an arbitrarily seleded pdnt to produce a
sequence of points known as an orbit.

The whole processis abit like playing golf. You start with apaint, thisis your ball, and
some transformations, these ae your clubs. From your initial paosition you apply one of the
transformations and refled, translate, scde or whatever. Thisisyour shot. Thistransformation,
however, is chosen at randam from your set of transformations. From this new paositionyou
choacse atransformation at randam and take another shat. This operationis repeded for as many
iterations asyou like. Asyou take the shats they appea to follow a path with norhyme or
reason. However, if youlook badk at aplot of the first few thousand shots then very often you
will see a interesting fradal or geometric image.

Theseimages are almittedly not as gaudy as their multi colored cousins drawn with a
program like frada explorer. But they can be quiteintricae andinteresting. They are alot of
funto crede becaise rather than prospeding for “pretty” pictures you have to use basic
principles of geometry to construct the functions which will draw your pictures. Moreover the
range of images from spirals and geometric designs to ferns and trees is limitl ess

IFSver5isfree and avall able for use or download from the downloads page of this ste.
It isamodificaion o software that Michad Frame usesin hisfradal geometry coursesat Yae
University. Youcan get to the Yale fradal site from the links page of this ste.



How Random IFS Works:

All images begin with aunit square. Figure 1. shows a screen cgpture of IFS ver5 with
threetransformations. Sincethere ae 0 iterations, the image shown is that of the unit square.
Figure 2. istheresult of 1iteration d ead of the transformations applied to the unit square. The
transformations are eay to explain:
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Figure 1. Figure 2.
Thevaluesfor r and s are scdingsin the x andy diredions respedively.
Thevaluesfor sandt are trandlationsin the x andy diredions respedively.
The value for theta rotates the image counterclockwise aoundthe origin.
Trandations are dore dter scdings and rotations.
Negative values for r and swill refled in the x andy axes respedively.
A negative value for thetawill produce a ¢ockwise rotation.

The transformations from our example have eay algebraic formulations—

T, (X, y) =(.5%, .9)
T,(X,y)=(.5x+.5,.5)
T, (X, y)=(.5%, .5y +.5)

All threeof these transformations contrad the unit square by half in the x andy diredions. The
secondalso moves this sirunken square .5 untsto the right whil e the third movesit .5 unts up.
So the image of the unit square under eat o these transformations produces one of the three
squares making up theimage in figure 2. after oneiteration.



The images of ead of these threesgquares under eat o the transformations will produce
9 squares. Theimages of thase 9 under the transformations will produce 27 squares, etc.

Figure 3.

Continuing in this fashion we produce asequence of sets whose intersedionis the familiar
Sierpinski gasket.
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Now, if we begin an orbit with some point (X,, Y,) in the unit square then the image of
any one of the threetransformations will give usapoint (X, y,) in ore of the threesmall er
square making up the image dter oneiteration. Applying atransformationto (x,, y,) will give
usapoint (X,,y,) in ore of the nine squares making up theimage &ter two iterations, and so
forth. Each new paint (X,.;, Y., ) liesinasmaller square than its predecessor (x,,, y,). This
sequence which we cdl an arbit, does not convergeto apoint but it does get arbitrarily close to
the Sierpinski gasket.



Thisishow all pictureswith IFS ver5 are drawn. We aede atransformation T by
entering valuesfor r, s, 2, e, f and prob. The ac¢ual transformation can be written as

Krprs Your) = T(X,, ¥,) =(rcos2 x,-ssn22y,+e,rsin2x,+scos2y,+f)

with *r* # 1and*s* # 1. That is, r and s are cntradion and refledion fadors for x andy, 2 is
the angle of rotation abou the origin and e and f are trandlations parall el to the x andy axes. If
no values are entered in the probabilit y columns then all transformations will be performed with
equal likelihood. Otherwise the transformations are performed acrding to their probability
value relative to the sum of all of the probability values. There aetwo opions, Run and Run
Infinite Iterations. Run appliesthe transformations first to the unit square and shows the image
after any desired number of iterations. Run Infinite Iterations shows upto 999,999 pmts of
the orbit of arandamly seleded initial point from the unit square.

Some Tips For Drawing Pictures:

It doesn’t take many transformations to make an interesting picture. Whilewe ae
constructing the orbit of apaint it helps to remember what eat transformationisdoing to a
shape in the xy plane. For examplein figure 5. we seethat we ae ather contrading and
tranglating or we aerotating. We ae never doing both at the same time. However, bah
operations Ean to be getting dore & the sametime.
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Figure5.



To get a sense of why we get the pentagonal figurein figure 5. imagine that we have
contraded and translated the unit square. If we then rotated it four times we would get our five
squares positioned symmetricdly abou the origin. This arrangement of squares, howvever, can be
shrunken and translated giving us our arrangement of five squaresin the position accupied by the
first square. If we now rotate four times, we will get our small arrangement of five squares
pasitioned symmetricdly abou the origin. Continuing with this processwe end upwith ou
arrangement of five pentagons with ead of the pentagons an arrangement of five pentagons etc.
Aswe mentioned above, bah transformations are never performed at the same time but both
sean to get dore & the sametime.

Note dso that the probability values for the two transformations are different. In order to
get all 5 pentagonsfilled in nicdy it is necessary to have the rotation transformation performed
more often that the shrink and translate one.

If we shrink alittle more and rotate asmaller amourt then we get the 10 ringed image.
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Figure 6.



We can change the shape of the rings by using diff erent contradion ratios for x andy.
Lettingr =.3ands=.01we can make a ‘toothpick’and then move it and rotate it to make a
decaon.
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Turning the toothpicks and making them alittl e longer isn’t too interesting.
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Figure 8.



But if we fatten upthe toothpicks it gets more interesting.
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Figure 9.

Then if we turn the toothpicks badk we end upwith owverlapping flat rings
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Figure 10.



Shapes can be aeaed and rotated. Here abig toothpick isrotated to form abox. Then with a
third transformation a small er copy of the box is placed in the center and rotated.

Figure11.

Toothpicks can be made to spiral.

Figure 12.



Or lines can be rotated to make stars.

Figure 13.

You get interesting effedsif yourotate and contrad at the same time.

Figure 14.



However, if the angle of rotationis not adivisor of 360then your image can spiral.

Figure 15.

If we mntrad alittle more and enlarge the thing that we ae rotating then we get a prettier spiral.

Figure 16.



With a muge of different transformations we can get a seaurchin.

Figure 17.

This gnall sample of transformations with their images is barely a glimpse of the possble
images that can be obtained. The way to lean to make imagesisto pradice and try things out.
Youwill occasionally have agrea image “turn to sand’ as you make modifications. But that is
al part of the game. There ae hundeds of IFSimagesin the various gall eries on this steto
show you the posshiliti es. New and improved versions of IFS will have sample images that you
can seled and modify in a “live” IFS sesgon. Asyou gain experiencewith IFS youmay findit a
compelling and fun dversion. You may even exclaim as one of my frada geometry students did
that “ Thisis better than solitaire.”






