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ABSTRACT

— Starting from complex mathematical methods for generating fractals and visualization to their usual tech-
nological means, today through iterative functions for computational modeling can have improvement in various
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fields like biology, astronomy, medicine or economics. Fractal generation and visualization can be a very expensive process in time, it
means that by the developing of the new technologies this process must be improved. This article highlights the results of several studies
about Mandelbrot and Julia sets implementations of algorithms for image processing, treating new software deployment methods, parallel
programming, or different construction depending on storage space and generation technics. Also it is proposed some analysis of methods
for the generation systems, visualization, calculation and comparison of performance for the implementations presented over the fractal

sets.

INTRODUCTION

Nowadays there are a lot of systems that offer simple gen-
eration on fractals domains. “Fractal” is a word invented in
the 19th century by Benoit Mandelbrot to refer to a large
class of objects that have a historical role in the evolution
of pure mathematics. An empirical and remarkable type of
ideas makes differences between the classical mathemat-
ics of the 19th century and the modern mathematics of the
20th. The mathematics has the scope has, in many cases, to
meet the necessity of physical reality.

This study describes how two types of famous fractals
were created and explains the most important fractal prop-
erties today, which make fractals useful for different do-
mains of science. A simple tool for the fractal generation
can offer beautiful images starting just from typical, math-
ematical formulas on the complex plane. Also this process
offers a large number of iterations and complex calculus.
Benoit Mandelbrot defines, some abstract definition, that
a fractal such as a set for which the Hausdorff Besicovich
dimension strictly exceeds the topological dimension. Some
applications of the fractal theory today combines the math-
ematical background with image processing and a lot of
different fields for applying those methods. For example,
image processing offers today as an area based on great de-
velopments in mathematics, and also in general in different
engineering domains, but also viewed as an area of artifi-
cial intelligence, dealing with new representation technol-
ogy , reconstruction, recognition or image analysis are done
today with powerful computers or clusters.

Also the fractal theory is presented in domains for study-
ing the chaos teory, physical phenomena, disturbances and
in all the fields that contains irregular forms [1]. Another
study for the utility of fractal dimension proposes algo-
rithms beyond uniform sampling for specific problems [2]
or find long-living trajectories [3].

This paper presents an important study over the imple-
mentations of visual fractals based on Mandelbrot Set and
Julia Set that is represented in some applications taking
into account the costs for generate fractal images and the
improvement based on the new technology used today, be-
cause the rendering systems for fractal are time expensive
and nowadays the time and the power of calculus are very
important related to the data transfer, the business and the
information. The fractals methods for imaging are used
today in medicine and special in the bone X-rays study.
There are many applied examples for the images and video
streams obtained from the fractal generations, an overview
is provided by A. Fournier, D. Fussell, and L. Carpenter

in their article “Computer Rendering of Stochastic Mod-
els” appearing on pages 371-384 of Communications of the
ACM, Vol. 25, No. 6, June 1982. A less cumbersome way of
generating fractals, which would allow their computation
in shorter time is desirable because the time it generates
images is slower than for video systems. Nowadays there
are a lot of techniques for speeding-up this process and for
reducing the redundant calculus. It is obvious that being an
iterative process it can be implemented in parallel and also
can be generated in parallel because each part of calcula-
tion, each pixel is a result of different complex number cal-
culation.

ALGORITHMS BACKGROUND - THE MANDELBROT
AND JULIA SET

The Mandelbrot set M is defined by a family of complex
quadratic polynomials:

Fa(=(C (1)

given by:
P:z—z"+4+c¢ (2)

where C is a complex parameter. For each {Z, one consi-
ders the behavior of the sequence

(D' £(0). P"':Pr::l.- :"PF[P.-:Fa;:l.-I ! } ()

obtained by iterating  starting at critical point , which
either escapes to infinity or stays within a disk of some fi-
nite radius [4]. The Mandelbrot set is mentioned as the set
of all points ¢ so that the above sequence does not escape
to infinity.

The Julia set of a function f is commonly denoted J(f), and
the Fatou set is denoted F(f).These sets are named from the
French mathematicians Gaston Julia and Pierre Fatou who-
se work began the study of complex dynamics, during the
early 20th century.

Let R(z) be a rational function
R(z)=(P(2)) / (Q(2)) 4
where z € C* C* is the Riemann sphere C union {infty},

and P and Q are polynomials without common divisors.
The ,filled-in” Julia set ] is the set of points z which do
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not approach infinity after R(z) is repeatedly applied (cor-
responding to a strange attractor). The true Julia set J is
the boundary of the filled-in set (the set of ,exceptional
points”). There are two types of Julia sets: connected sets
(Fatou set) and Cantor sets (Fatou dust). Quadratic Julia
sets are generated by the quadratic mapping;:

— 72 ®
Enp1=Z5+c

for fixed c. For almost every c, this transformation gener-
ates a fractal.

It can be said that the Mandelbrot set is a particular case
for the Julia set because the second set offers a fraction
with two different polynomials. It is obvious that the gen-
erated images are strongly influenced by the nature of the
polynomials used in the description of the function form.
The two sets have the same implementations for the con-
struction of the pictures, results to the iterative process.

The region of the complex plane that is computed is sub-
divided into some number of pixels, related to the dimen-
sion of the picture that is proposed to be built. To color any
such pixel, let c be the midpoint of that pixel. The process
iterate the critical point 0 under , checking at each step
whether the orbit point has modulus larger than 2.

When this is the possibility , we know that ¢ does is not
included into the Mandelbrot set or Julia set with the pro-
posed type, and there are colored the pixel according to the
number of iterations used to find out. In this moment it is
known that at the time the number of iterations processed
is used, when the algorithm escapes, and this number is
used from a palette of colors to choose the color of the pix-
el, respectively defined by the starting points. If it is not
possible, it is more and more iterating up to a fixed num-
ber of steps, after which it is decided that our parameter is
,probably” in the Mandelbrot set or Julia proposed form
set, or finally very close to it, and color this pixel in black.

VIEWING MANDELBROT AND JULIA SETS EFFICIEN-
CY AND THE PROCESS TIME

Sequential Algorithm:

The usual sequential algorithm in generating Mandelbrot
set and Julia set images shows the entire set of pixels in
a rectangular area (related to the complex plane), while
checking every pixel from plane (related to the values of
constant c) if it is included to the Mandelbrot Set or not.

A simple example can be compressed to:
- for x=0 to width for y=0 to height count=0

- z=c do z =z"\2+ ¢ (Julia Form Set-(P(z)) / (Q(z)) )

- count=count+1

- while (121<2.0) and (count<max)

-if 1z1 2.0 then display pixel /*Pixel Is Mandelbrot set */

This process can be done in parallel for every iteration
type, because there are similar calculus for different start-
ing points, directly related with the pixels positions. The
concept is simple, the main loop, the landline, is done in
parallel for a normal execution. Mandelbrot number of
equations to be solved is fixed and it is given by the im-
age size and initial parameters, it allows parallel execution
of the loop. Internal time calculation is established between
the starting time of calculation for first pixel until complet-

Original Research Paper

ing the entire image generation. The same concept is used
for the Julia generator because just the form of the func-
tions is modified.

e g s

Figure 1: Sample resulting image 1 with the generating
tool.

Also this tool contains two types of figures, one generated
rapidly with little dimensions and another with bigger res-
olution. Parallel computing is a new form of computation
methods where many calculations steps are done simulta-
neously, [4] operating on the principle that large problems
can often be divided into smaller ones, such as the pixel
generation method, which are then solved concurrently
(“in parallel”). There are several different forms of parallel
computing: bit-level, instruction level, data, and task par-
allelism. Parallelism has been employed for many years,
mainly in high-performance computing, but interest in it
has grown lately due to the physical constraints preventing
frequency scaling [5]. As power consumption (and conse-
quently heat generation) by computers has become a con-
cern in recent years, [6] parallel computing has become the
dominant paradigm in computer architecture, mainly in the
form of multicore processors [7]. The tool implemented and
presented in the Figure 1 generates images based on differ-
ent functions related to the Julia and Mandelbrot Sets, also
gives the time of the process because the time consumption
is the main important factor that is compared in this article.

Today there are many studies that convert in fabulous
time execution for clusters systems for the iterative gen-
eration process, also there are some similar images ob-
tained with the natural images. The presented tool can set
the maximum number of iteration to stop the process, the
limit point when also the process can be stopped, the di-
mensions of the generated picture that it is proposed to
be generated. Starting to the parallel calculus and another
techniques, it is imperative to minimize the time for the
generation. To improve having to do huge numbers of it-
erations for other points in the set, that is time redundant,
one can do “periodicity checking”; which means finding if
a point reached in iterating, a pixel has been reached be-
fore. If so, the pixel cannot diverge, and must be in the set.
This is most relevant for fixed-point calculations, where
there is a relatively high chance of such periodicity—a full
floating-point (or higher-accuracy) implementation would
rarely go into such a period. An interesting method for
speeding-up this process is represented by Julia program-
ming that is a high-level, high-performance dynamic pro-
gramming language for technical computing, with syntax
that is familiar to users of other technical computing envi-
ronments [8]. It provides a sophisticated compiler, distrib-
uted parallel execution, numerical accuracy, and an exten-
sive mathematical function library.
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ANALYSIS OF RESULTS

The results are presented in Table 1. These results are
strongly influenced by the processor model used, the oper-
ating capacity of the computer, the load of the processor,
the image type, so there were used more complex images,
generated from fractals processing. Tables above represent
the processing time for compression and decompression
resulted from previous images, as a simple example. This
time, it is strongly influenced by factors such as image size,
their quality, but there is, in conclusion, the result of a cal-
culation based on the set of selected filters. Since the actual
implementation is in C ++ it can be said that research can
take into new implementations based on another technol-
ogy and also based on parallel programming.

TABLE -1
RESULTS OF THE EVALUATION IN DIFFERENT CAS-
SES IN MILLISECONDS

Mandelbrot .
Number (function xﬁg&gf;ﬁ 'L ]’elhiesr?_t Julia set
of pixels |set time time parallel |tia Parallel

sequential
25000 1528 1129 1842 1322
40000 3210 2558 7432 5621
60000 4277 3214 10821 8912
100000 8237 6324 13652 11182
120000 11870 8821 16721 13997
150000 15665 13535 20650 18271
180000 18921 15197 24023 21011
200000 21021 18821 26119 24732
240000 26531 22113 32463 30884
300000 29311 26122 35223 32611
360000 34424 30992 41432 37321
400000 43921 38713 52921 43221
500000 58904 42314 62491 50032

It must be mentioned that the Julia model set is based on
the

(1-z3/6)/(z —z*/2)* + ¢ ©)

form [9] and it consumes much time than the basic Mandelbrot
model, also the best implementations results are offered by the
parallel proposed algorithms in every cases. Another important
factor is the number of iteration when the algorithm is stopped,
in this example the number is 100, and was tested with a C++
implementation, on the Intel 17 CPU Q720 at 1.60GHz type, the
64-bit system used from Microsoft. A better approach can build a
network for many processes involved in the calculus process the
same time, it can be the MPI (message passing interface) method
used for this kind of tests.

Anahysis of time millisecon:

Figure 2: Analysis of time in the four cases problems

Also the number of cores, the capacity of the processor or
the clustering system is important and for this case it can
be proposed like a future work to test the algorithm in big
computing cluster system. This time, it is strongly influ-
enced by factors such as image size, their quality, but there
is, in conclusion, the result of a calculation based on the set
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and types of iterative functions, the pictures can’t be com-
pared because at present, there are totally different images
and palettes. It can be seen that as the number of iterations
is larger, sequential computation becomes heavy and re-
quires other solutions.

Another good example of use of the parallel processing
over the Mandelbrot is represented by the study “Parallel
Implementation and Analysis of Mandelbrot Set Construc-
tion” by Isaac K. Géng, David Dobson, Jean Gourd and Dia
Ali [10] which provides insight into the parallel implemen-
tation set based on the MPI technology. The proposed solu-
tion is one that takes into account the degree of calculation
on several processors on MPI also a solution of high perfor-
mance computing. They also utilize the Portable Batch Sys-
tem (PBS), a job submission facility, to submit our work on
two MCSR parallel systems: Mimosa and Sweetgum. For
comparison purposes, they use two different systems to de-
velop and test the implementation. One of these systems,
Mimosa, is a distributed memory system. [11]

Taking into account the case of the last example test, and
the other case presented, type and capacity of each proces-
sor computing is very important and can massively influ-
ence the results.

CONCLUSIONS

The results of this study can be mentioned such as a test-
ing and comparison over some fractal applications Sets,
The Julia Set and the Mandelbrot set, with an analysis over
the obtained results and to reiterate better than the parallel
process in this cases. Nowadays time costs money, because
it represents information transfer, working time, data trans-
fer, databases management for figures and a lot of another
fields of study.

Today, big companies like IBM and Mitsubishi invest colos-
sal amounts of money in this study as it is seen as a fu-
ture domain with a potentially major impact for the next
technological world. ~ The problems we are facing today
in fractal research, are technological ones because we need
space, superior processing and time to understand and
asses an infinite iterative set. The capacity to generate and
keep certain images and process others is important today
and fractals have a large domain that can be helpful, start-
ing to the compressing methods, natural image processing
or medical. Other applications, already acknowledged by
the fractal analysis include the mechanics of the aeronauti-
cal and aero spatial structures (field in which the results of
some original research from the starting 90s were recalled),
the dynamics of slim civil construction structures under the
wind and earthquakes, the population dynamics, epidemi-
ology, the internal dynamics and ecosystems’ interaction,
the analysis of the cosmic radiation, the dynamics of the
stock markets, of the investments and generally the eco-
nomic actions, artificial intelligence and many more. This
article aims to present an interesting way to render differ-
ent sets of fractals taking into account different method,
starting from the parallel programing and with another
speed-up methods. In conclusion the study is benefic for
the understanding of the fractals” view systems, for better
implementations and for the next step to the current pro-
graming and visual systems, because the mathematical
form can have different representations in our lives and for
the future development for growing technics domains.

In conclusion this is an interesting study about the time
and memory needed for generate fractals images and an in-
teresting analyze for this domain.
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