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Rezumat. Generares fractalilor de formd repulatd prin limbaje pleturale fn aceasts lucrare este prezentatdl
o modalitate de generare a fractalilor de fonm# regulatd, utiizéngd girun de comena pentru desenarea acestora
Aceste girunt de comenz sunt generate pnn functi ciwe permit dezvoltarea, prelucrarea gt recunoagterea acestor
vanajiuni geometrice numite fractali

The fractal textures are more and more often used 1n computer graphics since they can
model properly 3D-figures and natural forms and they have the advantage of representing the
models on a plane surface Fractals can have regular forms, based on repetition of a mouf
(pnimary detail) or randomizing forms, which are defined probabilistic They can be built
starting from curves, surfaces or figures and they are defined either by a function or by a
construction rule [2]

Regular form fractals can be generated using a language of commands for drawtngs
(images) {1] Given a set of graphical pnimitives (corresponding to a set of drawing
commands), from which one or more starting pnmifives (primary detail) are chosen, we will

apply a transformation to this intial set, then to the obtaned set of primitives we will apply

again the same transformation and 5o on, as many times as we want Finally, the resulting set
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of pnmitives represents the desired fractal, respectively 1f the result 1s a stnng of commands
then the fractal wxll‘ be obtained executing these commands

Let’s consider the set C={c,,c,, ,c,}, containing the graphicai primitives which form
a fractal family These primittves can be drawn by cotresponding graphical commands So,
we can achieve a drawing executing a string of such commands

Let S = { x;%, x,/m>0, x.x, x,€E C }bethe set of command strings obtained
by concatenation of the elements from the set C A family of variable fractals of regular
type is a set of fractals which have been obtained starting from a primary detail D € S, which
18 developed step by step according to a transformation rule £ C->8, rule which is apphed to
every graphical prumitive (command) This tiansformation gives the development rule for a
primitive and 18 specific to every fractals family

The development function which allows a fractal to be transformed enttrely with an

iteration 1§

LSS, txx, x) = f(x,), 1f m=}
’ m f(x)f(x,) f(x), 1if m>]

(where uv represents the concatenation of u and v)

The development of a fractal after n tterations (n "years") is described by the function

uX), if n=1
(X)), if n>1

We can say that t'(D) returns the commands string representing the fractal in the n-th

t" S-S t“(X)n{

step of the development This observation makes us think that we can define a fractals fanuly
specifying the pnmitives set C, the primary detatl D, and the development rule f
F=(CD.), n=12,

" The defimtion of the transformatton rule f will use the following function
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c, ., if1>p

Next C—C, Next(c) = ¢ if 1=p
’ bl

( C=A{c,c, ,cp} )

Since this function 1s bijective, we can construct the reverse function, which will simphfy the
definttion of the function f

., if 1>l

Next™ C—C, Next(c)= ,, if i=I

Example |  Let’s consider the following set C={r,u,l,d} where
(ruld) s (=1,«4) [3]

and  f(x) = x Next(x) x Next'(x)x, Vx€C

(» concatenated with Next(x), concatenated with x, ) and D=r

Then t'(D) , D), (D), represent the tollowing family

Figure 1

Etther in constructing or 1n recogmzing a fractals fanuly defined 1n the way we
described, the following property of the development function 1s very useful
(XY) = t'(X) t"(Y)
The above property can be proved by complete induction as follows
for n=1 t'(XY) = t(XY) = (X, Xeu¥1¥2 Vi) =
= fx)H) (x0) i )HY2) By )=
UK X)) UY)Ys Yma) = HXKY)

assuming that "Y(XY) = 4(X) (YY)
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then t(XY) = t"'(((XY)) = "' (¢(X)t(Y)) = "' @ CON'(t(Y))=
= "XH"CY)

This property allows us to draw a fractal succesively on sections and also to analyze
a fractal reducing 1t at 1ts subfractals which compounds it

We constder now another two examples
Exampte 2 Let C={r,eufl,gdh} be the set with

(reuflgdh) = (=1, + -},

and f(x) = x Next(x) Next'(x) x , and D=urdl

Then t'(D), (D), (D), represent the following fanuly

2

Figure 2

Example 3 Let C={a,b,c} be the set with
(abe)= (),
and  f(x).= x Next(x) Next'(x) x x, and D=abc
Then t}(D) , (D), t*(D),  generate the family
The set C might contain even compound primitives (2D-figures or 3D-figuwes), and

in this sttuation when we represent the fractals we should achieve a projection of the structure
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Figure 3

14]

Some fractal transformations can be achieved moditying the commands string °(D)
through some operations
1) Scaling the figure can be increased k times, applying the followtng function

st 8 —>8 , s'(x;x )G Xt
to the string t"(D)
2) Translation a figure can be translated k times on the direction of & primitive ¢ 1f we
apply the function

d*X) =X
to the string X = t"(D)
3) Rotation the function p* defined below achieves k 1otations of the fractal
prxx, x,)=Next*(x )Next'(x,) Next‘(x,), kEZ

The rotatton can be performed with an angle multiple of 45, 60 or 90 grades, depending on
the gelection of the pnmitives Since the order of the primitives 1n the set C 1s important, we
musl tespect the anticlockwise direction We notice that the function p has the following
property P (X)) = t(p"(X)) This property stmplifies the computation in fractals

geneiation, fiactals which have a pnmary detail compound from more than one primitive
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Let’s consider again the second example
t"(urdl) = Cup"OeiQ) =
= t"(‘u)t"(Next‘Z(il))f‘(Next‘(u))t“(Ne);tz(t;)i =
= t"(U)‘t"(p'z(u))t“(P‘(l,l))t"(Pz(U)) =
= CU)p " W)P E WP (EW)
We notice that we can compute t"(u) one time, then the commands are executed, eventually
transformed by the rotattons p?, p* and p* ~
If wé have to recognize a fractals famuly thien we will proceed as follows \we‘ find the
primitives, construct the corresponding commands string, we decgmpose the commands string
1in substrings of length equal with f{x), then every substring f():i) is substituted with x We
apply the same action to the resulting string until we obtain D [5] The commands string t%(D)
from the second example,
rurdr uluru rurdr‘(‘irdld rl;rdr , 1s transformed by £ 1n

rurdr — r, uluru — u, rurdr — r, drdld — d and rurdr — r, then the resulting string

rurdr, which 1s f(r), is substttuted by r .
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