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Thisis a programmingassignmentFor assignmentthat are submittedat or beforedeadline,
submityourassignmeniy usingthehandincommand.For assignmentthatarelatefor atmost
48hours senda mail to thetutor directly. In thelattercasethemarkswill bemultiplied by 0.8.
Assignmentshataremorethan48hourslatearenotaccepted.

You areallowedto work on assignmenin groupof at most4. However, our adviceis to do it
independentlysinceit is not easyto split thework for thisassignment.

1. TheMandebrot set

Hiddenfrom its boringand mechanicabspectstherearefacetsof mathematicshat arevery
beautiful. Fractalis oneof theseacetsandin thisassignmentve will try tolook into thebeauty
of a particularkind of fractal, calledthe Mandelbrotset,with the help of Pythonandits Tk

interface. We will improve the performancef the programby reimplementingpecificpart of

thecodewith a C++ plugin.

TheMandelbrotsetis definedasfollows:

Fix c. Letztobe0. Now repeatedlyeplacez by 72 + c. Thecomplex numberc is within the
mandelbrosetif andonly if thecomple« numberz cannever grow to the magnitudeof 2.

For example considerc = 1 Initially z = 0, afteroneiterationz = 0? + 1 = 1, aftertwo iterations
z = 12 + 1 = 2, solis notwithin theMandelbrotset.

Ontheotherhand considerc = 0.2. Initially z = 0, afteroneiterationz = 0% + 0.2 = 0.2, after
two iterationsz = 0.22 + 0.2 = 0.24, afterthreeiterationsz = 0.24% + 0.2 = 0.2576, ... After a
while you'll realizethatit neverincreasever0.28,0rin fact0.27639320225..500.2is within
theMandelbrotset.

If you plot thevaluesof x, y of all thecomplex numbers = x + yi in themandelbroset,you
getsomethindik e this:

If youzoomonsomavhereneartheedgeyougetsomethindik e this:



2. A Mandelbrot explorer (60%)

Using acomputer, we cannot easily know whether a number iswithin the Mandelbrot set or not,
since we cannot apply therulez = Z2 + cinfinitely . But we can approximate the mandelbrot set
by stopping after some large enough number of iterations. The maximum number of iterations
determines how good is the approximation, and for our assignment this number must be at
least 20.

For the number ¢ = 1, zreachesthe magnitude of 2 after two iterations. We say that the escape
number of cis2. By plotting adifferent color for acomplex number of different escape number,
we get amore colorful map of the Mandelbrot set.

For our assignment, write a Python script that plots these colors on a window of the X-window
display. Use Tkinter of Python to draw the windows.

Your program should allow at least the following operations. Closing the windows should stop
the program, resizing the window should cause the same area to be recalculated with a new
resolution. There must be user interface to select the center of the map, and there must be user
interface allowing usersto zoom into a particular area of the map.

Hint: To show the map, you can use a Tk label containing a Photol mage object asitsimage. Use
the put method of the Photol mage object to write pixelsinto the Photolmage.

3. Improving performance (40%)

You will find that the performance of the Python script is untolerably slow, especially when
the resolution ishigh. There are two problems here: Calculating the color for a point isa slow
operation, since it might require up to 100 operations of complex number, and each of these
operation create a new complex number object. Second, the script need to plot the points one by
one through the Tkinter interface, which isnot fast at all.

Implement a C++ plugin that containsa function to compute the color of al the required points,
given the boundary of the window (and other parameters). The function should return a Python
sequence of sequence, so that the Python script can call the put method of the Photol mage obj ect
with the returned sequence. Update the Python script so that it usesthe plugin.

4. Hand-in

Turn in atar-gzipped CV Srepository, with the main trunk containing your script and the source
of your plugin. There should be abranch, called pur e- pyt hon, that containsa version of the
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programwritten purelyin Python. (Note:it is okayto have your wholescriptin a singlePython
file andyour wholepluginin a singleC++file.) Remembeto putthe Setup.infile requiredto
compileyour programinto therepository TherepositoryshouldalsocontainashortREADME
file whichlistsyour groupmembersanddescribeshe capabilityof your program.

5. Hints

You can find a demo programin the coursedirectory ~c0396a/ deno/. To run it, type
~c0396a/ deno/ mandel brot. Youneedto beusinga Unix workstationto runtheprogram.
It is written usingpurePython,soyou canexpectthatyour final programwith pluginshouldbe
muchmoreefficientthanthat.

10%of thefirst 60%will beallocatedo theintuitivenes®f theinterface andthedemointerface
would worth around6%. Sobecreatve.

Thedocumentatiomf Tkinteris a bit thin. My recommendatiors thatyou visit thefollowing
pageandfetchthe PDFversionof thedocumentatioherefor reference.

http://ww. pyt honware. conl |l i brary/an-introduction-to-tkinter.htm
To write the Pythonplugin,readthe Pythondocumentatiomn thewebpagebelow.
http://ww. pyt hon. org/doc/ 1. 5. 2p2/ ext/intro. htm

If youuseRedhatLinux towork onyourassignmengouwill needtoinstallanRPMfor Python
developement.You canfetchit from the coursewvebpage.

To actuallybuild the plugin you write, you needa Makefile. But the makefile canbe created
automaticallyfrom afile called“Setup.in”. Readthefollowing pageto seehow thiscanbedone.
Notethatthe“Makefile.pre.infile neededeside®n“/usr/lib/pythonl.3configMakefile.pre.in”
and “/usr/locallib/pythonl.3configMakefile.pre.in” respectiely for Redhatand for virtue.
Also, youshouldaddaline like “CCC=g++"into thefile “Setup.in”to tell thatyouwantto use
g++asyour C++compiler

http://ww. pyt hon. or g/ doc/ 1. 5. 2p2/ ext/ bui | di ng- on-uni x. ht n

You will alsoneedto createa tuple or list within your plugin code,and assignvaluesto the
elementof thetupleor list. Readingthe documentatiorof the Python/CAPI documentation
will enlightyou abouthow to usea Pythonlist within C++. Readit here:

http://ww. pyt hon. org/ doc/ 1. 5. 2p2/ api / sequenceQbj ects. ht m

Be very carefulto dealwith referencecountswhenyou returnan objectfrom your plugin. In
generalhewly createdobjectshasreferencecountof 1, soyou dont needto incrementthe
referencecountyoursehes. Ontheotherhand,if you getanobjectfrom a Pythontupleor list
andcopy it to anothetist, thenyou needto incrementhereferenceount.



