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Complex Dynamics Application User Interface HTML Canvas & Fractal Drawing

» Complex Dynamics is a field of mathematics which
studies the behavior of iterated functions in the
complex plane

» The HTML canvas is an HTML element that can display
Fractal Voyager : :
Online fractal generator using a complex dynamics scripting language ImCIge dOTO Clﬂd dI’C]W |IﬂeS C]ﬂd bOXeS on The Web

Enter a script in the text box and press "compile and run". To alter the paramters passed to the program, edit the

options then click update. » [o draw the fractal images, an array of image data is

» The complex plane is the set of all numbers that Language Doceumentation created and passed 1o a canvas element which
have a redl part and an imaginary part, so they can o Radie consists of four elements for each pixel on the
include the imaginary unit i, which is v/—1 \ SNt / canvas, one for the red color intensity, one for blue,

» Complex numbers are graphed with their real part Min Radius | green, and one for fransparency
on the horizontal axis, and their imaginary part of the 01 Undate » The color of a pixel is black if the condition is never
vertical axis psilon Real Axis Min Value met, or along a user-defined color gradient based

0000003 2 on how quickly the condition is met
The Parameter Plane e teretons Real Axis Max Value \
) —— 2 Web Assembly
Z+— 725+ C + left right up  down Imaginary Axis Min Value

» The parameter plane is the complex plane when a o erations 2 » Web Assembly is binary code which can be
function is iterated until a condition is met with O::t o maginary Axis Max Value executed on the web to make computationally
respect to a fixed point, in This case z, which is starts o 5 lmi T infensive tasks much faster than the default
at 0+ 0i 0938967136 150955 3:40 y language of the web, JavaScript

» [t includes the parameter, ¢, which changes with
respect to the passed in point across the complex
plane

1.0938967136150235

Lide Complex Number » This application uses Web Assembly, or WASM, in two
Generate Orbit distinct places
The custom compiler which turns scripts into c++
e 00 code is compiled to WASM with emscripten (a

=3

—

_ compiler toolchain), and called from JavaScript
The c++ code generated is compiled to WASM

Parameter plane from ~ -\
—2<R<T, 123 < 1.2 for SN 1 | 1NN A N\ T

above function until z escapes to 0.5023474178403755-0.6901408450704228i Donload
INnfinity. ¢ Is set the the complex 56 : 1.146051314375869+0.8723237734731215i +h t | led H ( f
number eqUiVC”enT -|-O eOCh pixe| 57:1.’I460594868817204+O.872334869998961§i wi O OO CO e emcep IOn G Verson O
58 : 1.1460479748312988+0.8723351553698797i | emSCFipTen -|-h0-|- iS COmp”ed WITh WASM), CI”OWiﬂg
e this on-the-fly c++ code to be compiled and
Custom Language Compilation executable on the web
Fractal Voyager uses a complex dynamics scripting language with a grammar defined with ANTLR. The script gets React
passed to ANTLR which creates a parse tree which is traversed to generate c++ code that gets compiled to Web
The Dynamical Plane and Orbits Assembly in the browser. This code is ran on the complex number representation of each pixel to determine the » React is a Javascript library That this application is
; | coloring of that pixel. ouilt with
zZ—2z5—0.794+0.15i » It allows applications to be built with reusable
» The dynamical plane is the complex plane when a par set z to 0.62996 +1.0911. iterate components, for example, the color gradient in the
function is iterated until a condition is met with ¢"27272|(z"3-1) until z stops. , lower right of the app is a component which is
respect to a variable point, z, that changes with v - passed the base color and how many colors to
respect to the passed Iin point across the complex PN - ompend create, then that component renders this shown
plane PRI % color box based on Javascript code
» A complex number’s orbit for a particular dynamical R R S Pt " P AN » The state of components is stored with React, for
system is the value of the number after each R R T " 2 N e example, the wasm c++ code to generate the
' ' ' atom atom expression * expression expression atom '
iteration of the function. e oieettdoutt N S ’ ; g | fractal image data takes many parameters that are
1NnT CalcFlxe ogubte Zz_re, doubtite Z_1im, aouble c_re, doubte C_1im, 1Nt maxliters, constant constant expression * n expression A n expression - expression variable \
double minRadius, double maxRadius, int type, double epsilon) { o - Pt l Pt l ,fgfw?x\ Pt t)C]S€3(j on Tf]EB C)F)T]C)F\S Sf\()\A/F] ONn screen. \AJF\EBrW one C)f
. < > ' . cpXx_number_re cCpx_number_im atom atom expression A n dtom F . .
std: :complex<double> 2lz_re, z_im); | the options changes based on user input, that
std::complex<double> c(c_re,c_im); 0.62996 1.0911i  variable variable atom 3 constant , ,
if (type == 0) { N triggers a state change, which allows for the update
= std:: lex<double>(0.62996,0) ' HE lex<double>(0,1.0911); - z varta \ . ' .
| 1T SO Rrtanie B | | button to be clicked, which changes state variables
std: : complex<double>prev(z); - that get passed to the c++ code fo generate a new
for(int i = 1; i < maxIters; i++) {
zZ = c*c*z*zi(z*z#z—std::53m3&55<g223$ﬁb{1,@}); ff(](:T(]l.
if(abs(abs(prev) - abs( z)) < epsilon) { )

: expression: (PLUS | MINUS)? atom #SIGNED_ATOM_EXP |
return 1;
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turn 0 left=expression PLUS right=expression #PLUS_EXP | Thank you fo my faculty advisor Kevin Angstadt for the tremendous
' expression MINUS expression #MINUS_EXP | : :
Dynamical plane from -2 <R < 1, -1 <& < 1 for above function / cpx_function LPAREN expression RPAREN #CPX_FCN_EXP omoy nt .Of work and help throughout the DFOC?SS c?f mcklng ’rh|s.
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LPAREN expression RPAREN #PAREN_EXP application. Thank you to Dan Look for the inspiration for this project

until z escapes when z is set to numlers across the complex plane.
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Orbit for 1.14 — 0.14i and answering countless questions about complex dynamics




