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This is a programmingassignment.For assignmentsthat aresubmittedat or beforedeadline,
submityourassignmentbyusingthehandincommand.For assignmentsthatarelatefor atmost
48hours,sendamail to thetutordirectly. In thelattercase,themarkswill bemultipliedby 0.8.
Assignmentsthataremorethan48hourslatearenotaccepted.

You areallowedto work on assignmentin groupof at most4. However, our adviceis to do it
independently, sinceit is noteasyto split thework for thisassignment.

1. The Mandelbrot set

Hiddenfrom its boringandmechanicalaspects,therearefacetsof mathematicsthat arevery
beautiful.Fractalisoneof thesefacets,andin thisassignmentwewill try to look into thebeauty
of a particularkind of fractal,calledthe Mandelbrotset,with the help of Pythonandits Tk
interface.Wewill improve theperformanceof theprogramby reimplementingspecificpartof
thecodewith aC++plugin.

TheMandelbrotsetis definedasfollows:

Fix c. Let z to be0. Now repeatedlyreplacez by 2z + c. Thecomplex numberc is within the
mandelbrotsetif andonly if thecomplex numberz cannevergrow to themagnitudeof 2.

For example,considerc = 1. Initially z = 0, afteroneiterationz = 20 + 1 = 1, aftertwo iterations
z = 21 + 1 = 2, so1is notwithin theMandelbrotset.

On theotherhand,considerc = 0.2. Initially z = 0, afteroneiterationz = 20 + 0.2 = 0.2, after
two iterationsz = 20.2 + 0.2 = 0.24, afterthreeiterationsz = 20.24 + 0.2 = 0.2576, … After a
while you’ll realizethatit never increaseover0.28,or in fact0.27639320225…,so0.2iswithin
theMandelbrotset.

If you plot thevaluesof x, y of all thecomplex numbersc = x + yi in themandelbrotset,you
getsomethinglikethis:

If youzoomonsomewhereneartheedge,yougetsomethinglikethis:
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2. A Mandelbrot explorer (60%)

Using a computer, we cannot easily know whether a number is within the Mandelbrot set or not,
since we cannot apply the rule z = 2z + c infinitely . 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 c = 1, z reaches the magnitude of 2 after two iterations. We say that the escape
number of c is 2. By plotting a different color for a complex number of different escape number,
we get a more 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 users to zoom into a particular area of the map.

Hint: To show the map, you can use a Tk label containing a PhotoImage object as its image. Use
the put method of the PhotoImage object to write pixels into the PhotoImage.

3. Improving performance (40%)

You will find that the performance of the Python script is untolerably slow, especially when
the resolution is high. There are two problems here: Calculating the color for a point is a 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 is not fast at all.

Implement a C++ plugin that contains a function to compute the color of all 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 PhotoImage object
with the returned sequence. Update the Python script so that it uses the plugin.

4. Hand-in

Turn in a tar-gzipped CVS repository, with the main trunk containing your script and the source
of your plugin. There should be a branch, called pure-python, that contains a version of the
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programwrittenpurelyin Python.(Note:it is okayto haveyourwholescriptin asinglePython
file andyour wholeplugin in a singleC++ file.) Rememberto put theSetup.infile requiredto
compileyourprograminto therepository. TherepositoryshouldalsocontainashortREADME
file which listsyourgroupmembersanddescribesthecapabilityof yourprogram.

5. Hints

You can find a demo programin the coursedirectory ~c0396a/demo/. To run it, type
~c0396a/demo/mandelbrot. Youneedto beusinga Unix workstationto run theprogram.
It is writtenusingpurePython,soyoucanexpectthatyourfinal programwith pluginshouldbe
muchmoreefficientthanthat.

10%of thefirst 60%will beallocatedto theintuitivenessof theinterface,andthedemointerface
wouldwortharound6%. Sobecreative.

Thedocumentationof Tkinter is a bit thin. My recommendationis thatyouvisit thefollowing
pageandfetchthePDFversionof thedocumentationtherefor reference.

http://www.pythonware.com/library/an-introduction-to-tkinter.htm

To write thePythonplugin,readthePythondocumentationin thewebpagebelow.

http://www.python.org/doc/1.5.2p2/ext/intro.html

If youuseRedhatLinux towork onyourassignment,youwill needto installanRPMfor Python
developement.Youcanfetchit from thecoursewebpage.

To actuallybuild theplugin you write, you needa Makefile. But themakefile canbe created
automaticallyfrom afile called“Setup.in”. Readthefollowingpagetoseehow thiscanbedone.
Notethatthe“Makefile.pre.in”file neededresideson“/usr/lib/python1.5/config/Makefile.pre.in”
and “/usr/local/lib/python1.5/config/Makefile.pre.in” respectively for Redhatand for virtue.
Also,youshouldadda line like“CCC=g++” into thefile “Setup.in”to tell thatyouwantto use
g++asyourC++compiler.

http://www.python.org/doc/1.5.2p2/ext/building-on-unix.html

You will alsoneedto createa tuple or list within your plugin code,andassignvaluesto the
elementsof the tupleor list. Readingthedocumentationof thePython/CAPI documentation
will enlightyouabouthow to useaPythonlist within C++. Readit here:

http://www.python.org/doc/1.5.2p2/api/sequenceObjects.html

Be very carefulto dealwith referencecountswhenyou returnanobjectfrom your plugin. In
general,newly createdobjectshasreferencecount of 1, so you don’t needto incrementthe
referencecountyourselves. On theotherhand,if you getanobjectfrom a Pythontupleor list
andcopy it to anotherlist, thenyouneedto incrementthereferencecount.


