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Fractals and their computer modeling

In this article there are questions of the teaching of programming recursive algorithms. There are some ex-
amples of the models creation fractal crooked. There are two computer programs in this article. One of them
was written by computer language Turbo Pascal and other by C++:

Key words: fractal curves, recursive algorithms, programming language C++.

Integrated and interdisciplinary approach has been applied during the training of programming basis
with students of «IT technology» specialty at Atyrau state university named after Khalel Dosmukhamedov.
In teaching students following methods were used: ‘visuals, practical and creative searching.

Exactly this way of teaching and presenting new-material allows you not only to develop skills pro-
gramming recursive algorithms for students studying the subject, but also widens students’ knowledge
in synergy field connected with the study.of fractals.and make students interested in this field of science.

Introduction in concept of a fractal was offered in a form used in problematic training. Students were
offered to choose the form which, in their opinion, most common in the nature. While the discussion about
mathematical figures and other shapes, students made a conclusion, that such perfect shapes like circle, tri-
angle and similar shapes are rare in the nature. They have irregular shapes, for example the wavy line of the
coast or rocky mountains.. When. you have very close look at them it is possible to see even more
roughnesses and bends.-After that the teacher explained that in 1975 Benoit Mandelbrot, a mathematician,
called these endless irregular shapes fractals.

Followed by this, many slides were demonstrated where endless irregular shapes, called fractals, in the
nature and mathematics have been given as an example:

Picture 1. Branching fractals Picture 2. Fractal line of the coast

Some of the simplest fractals are formed when some kind of elements repeat their initial shape over and
over again. For example, a tree trunk divides into branches, branches into stems. Such kinds of fractals are
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called «branchingy». Patterns by frost on windows, rivers, inflows and even the veins of the human body are
branching fractals (picture 1).

It is impossible to answer how long the coast is, because the line of the coast is a fractal line. Measuring
it on atlas gives us another length, if we use a large-scale map and measure every bends then we get large
length. And that number, by which the length of the zooming of the scale of map will increase, is called frac-
tal size (picture 2).

Picture 3. Fractals similar to themselves Picture 4. Mandelbrot’s majorities

Fractals consist of their little copies, as they are said «similar to themselves». Broccoli sprout and cauli-
flower are also fractals similar to themselves, because the shapes of their flowers (little colored buds
on them) copy the shape of the vegetable (picture 3). Broccoli to. some extent reminds the number of Man-
delbrot.

Benoit Mandelbrot created amazing computer fractal. models with the help of computer. He was build-
ing graphs with the help of imaginary numbers. The most well-known model is called Mandelbrot majority
(picture 4). It is considered to be the most complex figure in mathematics. It becomes even more patterned
if it is expanded. By zooming its small fragments you can see that main shapes of the figure copy each other
over and over again in endless variations.

As a visual example, students are shown the way how to get fractals called «Koch snowflakes» after
what students are asked to describe the'way to design this Fractal curves. Need to draw a triangle, then it
exactly in the middle of each side is-drawn still small equilateral triangles. The same can be done again and
endlessly (picture 5). As a result we can get a curved line, consisting of right angles. Thus it is necessary
to explain that this fractal has an unlimited'long perimeter, but the limited area.

One more way of getting fractals, called «Serpinskiy sieve (serviette)» is being considered. In order
to get these fractals it is necessary to draw triangles inside other triangles and carry on in this way infinitely
(picture 6).

After studying the methods of construction of the fractal curve, the students go to study ways of modeling
algorithm.

1 2
FRACE S
3 X |,
| TR | | TS
3 4
Picture 5. Kokhov’s snowflakes Picture 6. Serpinskiy sieve
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Only after that it is possible to create the program directly on one of the programming languages, show-
ing fractal drawing of «Serpinskiy sieve». While modeling algorithm of how to create this fractal curve we
can notice that all three middle lines in the triangle are drawn out. As a result it breaks into 4 new triangles.
The same procedure is applied to three of them, adjoining tops of an initial triangle. The program is made
using recursive procedure (in this example the Turbo Pascal programming language is used) [1].

Program fraktal 1;

Uses Graph;

Var xc, xa, xb, ya, yb, yc: Integer;

n, cd, gm: Integer;

Procedure Triangle (xa, ya, xb, yb, xc, yc, n: Integer);

Var xp, xq, Xr, yp, yq, yr: Integer;

Begin

If n>0 Then
Begin
xp:= (xb+xc) Div 2;
yp:= (yb+yc) Div 2; xq:=(xa+xc) Div 2; yq:= (yatyc) Div 2;
xr:= (xb+xa) Div 2; yr:= (yb+ya) Div 2;
line (xp, yp, Xq, yq);{}
line (xq, yq, xr, yr);
line ( xp, yp, Xr, yr);
Triangle (xa, ya, xt, yr, Xq, yq, n-1);
Triangle (xb, yb, xp, yp, xr, yr, n-1);
Triangle (xc, yc, Xq, yq, Xp, yp, n-1);
End;
End;
Begin
xc:=300; yc:=0; xb:=600; yb:=400; xa:=0; ya:=400;
cd:=detect; gm:=1;
initgraph (cd, gm, ‘c:\tp7 0\Bin’);
line (xa, ya, xb, yb); line (xb, yb, x¢, yc);
line (xa, ya, xc, yc);
Triangle (xa, ya, xb, yb, xc, y¢, 6);
Readln;
Closegraph;
End.

=
L

- dn

Picture 7. Hilbert's curve

&

Further we consider the program which draws Hilbert’s curve on the screen (picture 7). While modeling
algorithm of this program it is necessary to notice that the curve of the second order can be done by connect-
ing the four curves of the first order, two of which are turned on 90 degrees: one — clockwise, another —
contra clockwise. In the same way we get the curve of the third order, but thus as a repeating figure we use
the curves of the second order. The order of a drawn curve will be entered by the user during the work on
this program. Using recursive algorithm we can make the program which draws Hilbert's curve (in this
example the programming language C ++) [2].

#include <graphics.h>

#include<stdlib.h>

#include<stdio.h>
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#include<conio.h>
#include<math.h>
#include<dos.h>
#define PATHTODRIVER “c: \ \borlandc\ \bgi\ \”
#define DT 3
#define u 10
void Gilbert(int p);
void main()
{ int gdriver=DETECT;
int gmode;
int errorcode;
initgraph(&gdriver,&gmode, PATHTODRIVER);
errorcode=graphrezalt();
if (errorcode= = grOk) {
outtextxy(10,10,”Hilbert's curve”);
Gilbert(4);
outtextxy(10,25,”Press <Enter>");
getch();
closegraph();}
else {printf(“Error : %d\n”,errorcode);
printf(’Press <Enter>");
getch(); }
void a (int 1);
void b (int 1);
void ¢ (int 1);
void d (int 1);
void my _lineto (int x2,int y2);
void Gilbert (int p);
{moveto(450,50); a(p);}
void a (int 1);
{if (i>0) {d (i-1); my_lineto(getx( )-usgety( ));
a (i-1); my_lineto(getx( ),gety()+uw);
a (i-1); my_lineto(getx( )+u,gety( ));
d(i-1); }}
void b (int 1);
{if (i>0) {c (i-1); my_lineto(getx( ),gety( ) -u);
b (i-1); my_lineto(getx(") +u,gety( ));
b (i-1); my_lineto(getx("),gety( ) +u);
a (i-1%; }}
void ¢ (int i);
{if (i>0) {b:(i-1); my_lineto(getx( )+ u, gety());
¢ (1=1); my_lineto(getx( ),gety( ) -u);
c (i-1); my_lineto(getx( )-u,gety( ) );
d (i=1); 4}
void d (int 1);
{if (i>0) {a (i-1); my_lineto(getx( ),gety( ) +u);
d (i-1); my_lineto(getx( ) -u,gety( ));
d (i-1); my_lineto(getx( ),gety( ) -u);
¢ (i-1); }}
void my_lineto(int x2,int y2)
{intx1,yl;
int x,y;
int dx;
int dy;
int color;
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int a,b;

int n;

int 1;

x1=getx(); yl=gety();

if (x1!=x2)

{

a=(y2-yl)/(x2-x1);

b=yl-a*x1;

n=abs(x2-x1)+1;

if (x2>x1) dx=1;

else dx=-1;

x=x1;

color=getcolor();

for (i=1;i<=n; i++)

{y=a*x+b;

putpixel(x,y,color);

delay(DT);

x+=dx; }}

else

{ n=abs(y2-yl);

if (y2>y1) dy=1;

else dy=-1;

x=x1; y=yl; color=getcolor();

for (i=1; i<=n;i++)

{putpixel(x,y,color);

delay(DT);

yt+=dy;}

} putpixel(x2,y2,color);

moveto(x2,y2); }

In conclusion, after studying this subject with students you can give a creative task to create their own
fractal curve and designing program, and<also. to create a program which draws fractal curve Koch of the
first, second and other orders.
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@pakTajaap xKIHe 0JapaAbIH KOMIBIOTEPJIIK MoJeJbaepi

Makanaia ¢paktanabl KUCHIKTapAbl IINIHACY MBICATBIHIA PEKYPCHUBTI alrOPUTMICPAl Iporpammainay
Mocenenepi KapacThIpbiiFad. OpakTaIbl KUCHIKTAPIbI )KacaKTay sKOHE MIliHACY IiH OipHelle HAKThl MbICAI-
napsl kentipinren xxoHe C++, Turbo Pascal Tinaepinae nporpammarnapsl GepiireH.

I'.A.CanranoBa, .P.Urytuna

®paxkTanabl 1 HX KOMIIbIOTEPHOE MOAeJTHPOBAHNE

B crarse Ha mpuMmepe MonenHpoBaHUs (HPaKTATEHBIX KPUBBIX PacCMOTPEHBI BOIPOCHI IIPOTPaMMUPOBAHHUS
PEKYpPCHBHBIX anropuTMoB. [IpuBeIeHBI HECKOJIBKO NPHMEPOB MOJEIMPOBAHHS, CO3JAHUS (PaKTAITBHBIX
KPHBBIX U IIporpaMmel Ha si3sikax C++, Turbo Pascal.
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7Kep yuackeciH ecenke ajqyJabl aBTOMATTAHABIPY

Makanana Microsoft Office makerinin Access MKBXX-ceimen sxone Microfoft Visual Studio 2010 makerinin
C# Oarmapiamanay TiTiHIH MYMKIHAIKTepi, QYHKIUSIAPEL, SAICTEpi, HETIi3Ti 2IeMeHTTepi Kaiiab! TyCIHIKTep
KapacTeIpelasl. C# Garmapnamanay TiniaiH ADO.NET TexHoNOTMsICH KOJgaHBM, OargapiaMa nHTepdeiici
JKOHE JIepeKTep KOPBIHBIH HETi3Ti aTKapaThiH (YHKIMSIIAPHl JKacalasl. Bysl ‘MOZEIbIEHTeH IepeKTep
KOpBIHJIa MOJIIMETTep J>KHHAFbl KecTe TypiHAe kepceTinai. [lepekrep KOpBIHAA i3/ICHICTEp, CYpaHBICTap,
JIepeKTep/i €Hri3y, JXaHapTy, KEepeKCi3 MEepeKTepAl >KOI0 CHIKTHI KONTEreH KaXeTTi oIepaunusiapisl
OpbIH/IayFa MYMKIHZIK jKacaibl.

Kinm co3dep: xoprex, Ter, aTpuOyT, KapKac, KOHCTPYKTOpP, KO, MOAEHb, MabiaoH, uHTepdeiic, yrunurrep,
wiatdopma.

JKammaii KOMIIBIOTEpIICHAIPY KaHA aKMapaTThIK  TCXHOJIOTHUIAPIbl OKBITY calachlHIa OW3HecTe,
OHJIIpiCTEe, FHUIBIMU 3EPTTCYJIC JKOHE QJICYMETTIK ©Mip/ie KeHIHEH KOJJIaHYAbIH, AaMy/AbIH JKaHa JeHIreHiH
JKacaupl.

Komneroteprnepiy naina 001ysl )koHE AaMybl 0i3]liH 3aMaHHBIH €H MaHBI3/IbI YPEiii OOJbIN Ta0bLIa k.
Kommnerorepnepain OipiHmi ynrinepiniH faiiga 6oy coTiHeH Oactam 25 bUT OTTi, Oipak Kasip omapchbi3
KOITEereH ajJaM OMIPIHIErT ©OHEPKICIN alMaKTapblHIA XYMBIC ICTEY MYMKIH €MeC, OJiap: SKOHOMUKA,
OackapMa, FBUIBIM, WHXKEHEPJIIK JKYMbIC, OUIiM, MOJICHHET JKOHE Tarbl Oacka cananmap. KommbroTepiepre
KBI3BIFYIIBUTBIK BUIFHM Jla ece. Oepedi, an ojapAsl NainalaHylIbUIapAbIH CaHbl KeOeHim KaThIp.
KommproTepnepai maigaraHymibUIapasH CaHBIHA JKaHalaH YHpeHymiep ne, coHmaii-ak DEM-HiH Oacka
KJIaCTaFbl MaMaHIAPHI Ja >kaTassL [ 1].

EnGachl «aneKkTpoHAbI JKyHere KomiN, XalbIKThIH OLTIKTUIIrH KeTepy Kepek» Aell aTal KepCeTKeHACH,
XXI1 racep — akmnapar noyipi. bapibik cananapia gaMmy O6acTanbl, SsFHU 0apibIK JKyiie aBTOMAaTTaH bIPbLIA
Oacrazpl. ABTOMATTAHABIPY Oipa3 cajamapAblH KbI3METIH JKCHUIACTYMEH KaTap, XalblKKa KbI3MET
KOPCETY/IiH yaKbIThIH OAPBIHIIIA KHICKAPTTHI.

XKep yuackenepiH ecemnke ana OTBIPBII, aBTOMATTaHABIpyIa 0i3 JKep pecypcTapblH THIMII MaiaanaHa
anambi3. KeH GaiiTak Ka3ak eJKeci ep pecypcrapbina aca 0ai. Ochl OailyIbIFBIMBI3/bI BICHIPAIl €TIEH THIMII
naijiaaHplniKelep ypriakka Mypa eTil KaJJIbIpy aca MaHbI3JIHI ic.

ABTomartaHpIpy Oipa3 cananapIblH KBI3METIH XCHUIICTYMEH KaTap XallbIKKa KbI3MET KOpCEeTYIiH
VakpIThIH OapbIHIIA KbhICKapTazpl. JKep ydackelepiH ecemke aja OTHIPBIN, 00C alWMakTap/bl XalbIK
MYJJieCiHe naiaananyra, Oepyre Hemece eliMi3re aca MaHbI3Ibl HbICAHIAP/Ibl CATyFa MYMKIHJIIK Oepe/i.

XKep yuackenepiH ecenke airy ©Te MaHBI3IbI )KYMbBIC 00JbINT TaObuIaabl. Ecenke amy xep pecypcTapbiH
THIMAI 9pi YHeMIl maiinananyra MyMKiHAik Oepeni. XKep yuackenepiH ecenke amymeH FvuibiMu opTanbik
aifHaspIca/pl. FBUIBIMH OPTABIKTHIH JKYMBICHI YUacKellepJl ecemnke alyMeH Kartap, kapramap meH GPS
HaBUTATOPJIAPIbI )Kacay 0okl Ta0bbuTael. GPS HaBUraTOpIapablH MaHbI3BI aca 30D, KOJICHI3/IA KO Ta0yFa,
©31HE KEpEeKTI MEKEH)Kalifa KUBIHJBIKCHI3 XeTyre MyMKiHIik Oepeni. Ken Oaiitak KazakcTaHBIMBI3IBIH
reorpaUsIbIK JKaraaliaapbIMEH TaHBICHIN, 9pOIp TYKIIpiHIAE HE Oap €KeHiH Oiny OpKalCBhICHIMBI3Fa OTE
KbI3BIK. COJI KBI3BIFYIIBUIBIFBIMBI3ABI TeOoTpadUsIbIK KapTagaH fraHa Oine amambi3. OCBl KYHICIKTI
KOJIBIMBI3Fa YCTaI KYPreH KapTalapIbl xko0aiayia — OChl F BUIBIMU OPTaNBIKTHIH KYMBICHI [2].
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