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\In tro duction to Media Computation" is a new three credit hour (three one hour lectures a week) course
being developed within the Collegeof Computing designedto meet the computer literacy generaleducation
requirements (formerly the \Core Area B" requirement) It has beenapproved to meet that requirement by
the Institute Undergraduate Curriculum Committee, pending approval by the Academic Senate. The course
is aimed to appeal to the needsand interests of non-Computer Scienceand non-Engineeringmajors1. It is
not equivalent to CS1321nor COE1361, nor does it currently 2 serve as a pre-requisite to any other course
in the Collegeof Computing or elsewhere.

The coursewill be o�ered as CS 4803 (Special Topics) during the Spring 2003Semesterfor a pilot o�ering
of 100 seats. Our plan is to proposethe courseas CS1315 after the pilot and start o�ering it in Fall 2003
with two sectionsof 250-300(as neededto meet demand).

This document intro ducesthe course. We in the Collegeof Computing encourageinterested academicunits
to proposeto the Institute UndergraduateCurriculum Committee that students in their programsbe allowed
to take this courseto meet their Core Area B requirement. (SeeJoeHughesSept. 3, 2002,memoon changing
undergraduate computing requirements.) If you have any questions,pleasecontact Mark Guzdial.

It is important to realizethat Intr oduction to Media Computation is not designedto be an easier coursethan
the existing CS1321. It's designedto be a very di�er ent course|there will be lessemphasison abstraction
and programming large systems,but there will be more emphasison mathematics (just high school level,
e.g., trigonometry for computing and adding sine wavesin generating sounds)and physics (e.g., composing
colors from red, green,and blue components). The courseaims at developing professionalswho (a) cometo
computing with data (media) that they want to process(e.g., a \data-�rst" approach) and (b) will never
write programs larger than a couple hundred lines of code, and will probably only write small scripts of
around a dozenlines.

1Certainly , Engineering students are welcome, and some Engineering programs may want to allow this course to their
students for their computing gen ed requirement. The course will be lacking some imp ortan t Engineering issues lik e Matlab
and an emphasis on numeric methods

2A second course might be developed later if there is demand.
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1 Registration Policy for Spring 2003

One of the common questionsabout the classhas been \Ho w are you going to handle the demand for this
class?"

Here's the plan:

� During the Spring 2003semester,we will o�er 100 seatsaspart of a pilot, wherewe want the majorit y
of thesestudents to be �rst and secondyear students|that's who we want to be the common student
in this classwhen it reachessteady-state, so we want to trial the coursewith that audience.

� During the Fall 2003semester,we plan to o�er two sectionsof 250-300.

� We plan to continue with two sectionsin the Spring 2004semester,and then balanceo�erings of the
coursewith load.

Here's how we're going to handle registration of the initial 100 seats. Note that the class
will be open only to those programs who permit their studen ts
to tak e the course for their computing literacy general education
comp onent. While we'll welcome students from all programs (including those who may want the
courseasan elective) later, we want to focus on students who can usethe coursetowards their requirements
in the pilot. Please do inform us if your program will be permitting studen ts to register for the
pilot.

20 seats in the pilot will be op en from the �rst day of registration. The other 80 seats
will be op ened on the �rst day that Freshmen can register, but the course will then
be closed to all but �rst and second year studen ts.

2 Topics of the Course

The premisesand core conceptsof the proposedcourseare:

� All media are being published today in a digital format.

� Digital formats are amenable to manipulation, creation, analysis, and transformation by computer.
Text can be interpreted, numbers can be transformed into graphs, video imagescan be merged, and
soundscan be created. We call theseactivities media computation.

� Software is the tool for manipulating digital media. Knowing how to program thus becomesa com-
munications skill. If someonewants to say something that her tools do not support, knowing how to
program a�ords the creation of the desiredstatement.

� Corecomputer scienceconceptscanbe intro ducedthrough mediacomputation. For example,programs
can get large and cumbersome.Abstraction is our tool for managingprogram complexity and allowing
programs to becomeeven larger yet more 
exible.

� However, computing has limitations. There are someprograms that cannot complete in our lifetime,
and knowing that these limitations exist is important for technological professionals.
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The course is being developed by ProfessorMark Guzdial in a collaborative design processwith students
and faculty from outside of computer science. We have beenusing both on-line and face-to-faceforums to
gather input on the course|please seehttp://coweb.cc.g at ech.e du/ medi aComp- pl an. Both student and
faculty feedback has beenvery positive:

I'm very enthusiastic about your proposal, and know (others in my department) would be too. We very much
need this kind of class. I think the structure of the proposed class is really inspired and is exactly the right
approach for our students. (LCC professor)

The proposed course is de�nitely a motivator, since the current requirement does little but get in the way of
the courses for the major. Integrating the required computer education credit with an area that su�ciently
yields to the material of the major/�eld would be enormously bene�cial. I am pleased that GA Tech is
responding to students concerns and allowing those of us not majoring in CS to take a more creative based
course that wil l be bene�cial instead of a chore.(Arc hitecture studen t)

I think this is a good idea and I wished I'd had the opportunity to participate in this instead of (the current
CS class). (HST studen t) .

The one problem that I am worried about if this class were to be added to the curriculum is the amount of
spots open during registration. Everyone I know dreads taking the CS courses that are available now, and
they'd jump at the chance to take this so it would �l l up very quickly. (Chemistry studen t)

The faculty advisors who have beenreviewing the courseas it has beendeveloped over the last few months
are:

AthanassiosEconomou Architecture
Jim McClellan ECE
Donna C. Llewellyn CETL
Patricia Kennington Psychology
Mindy Millard-Sta�ord Applied Phys.
Diane Gromala LCC
Tom Morley Math

The learning objectives for the course have been chosen to correspond closely to the General Education
requirements for computing literacy.

� Students will be able to read, understand, and make functional alterations to small programs(lessthan
50 lines) that achieve useful communications tasks.

� Students will appreciate what computer scientists do and the key concernsof that �eld that relate to
students' professionallives.

{ Students will recognizethat all digital data is an encoding or representation, and that the encoding
is itself a choice.

{ Students will understand that all algorithms consist of manipulating data, iteration (looping),
and making choices| at the lowest level, about numbers, but we can encode more meaningful
data in terms of those numbers.

{ Students will recognizethat somealgorithms cannot complete in reasonabletime or at all.

{ Students will appreciate some di�erences between imperative, functional, and object-oriented
approachesto programming.

{ Students will appreciate the value of a programming vs. direct-manipulation interface approach
to computer useand will be able to describe situations wherethe former is preferableto the latter.
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� Students will be able to identify the key components of computer hardware and how that relates to
software speed(e.g., interpretation vs. compilation)

� Students will develop a set of usablecomputing skills, including the abilit y to write small scripts, build
graphs, and manipulate databases{ not necessarilyusing the common tools, but in a manner that
exposesconceptsand enablesfuture learning.

The languagefor the coursewill be Python (http://www.python .o rg ). Python is a popular programming
languageusedtoday by companiesincluding Google and Industrial Light & Magic. It's most often usedfor
Web (e.g., CGI script) programming and for media manipulation. Python was speci�cally developed to be
easy-to-use,especially for non-traditional programmers.

The speci�c version of Python that we'll be using is Jython (http://www.jython .or g). Jython is an
implementation of Python in the popular programming languageJava. Anything that one can do in Java
(e.g., servlets, databaseprogramming via JDBC, GUI programming via Swing) can be done in Jython.

Jython is Python|learning one is the same as learning the other. We chose Jython in order to enable
cross-platform multimedia manipulation. Java provides all the basic media manipulation functionalit y that
we want in the class,but in a prett y complicated package. We have written code and tools so that students
can do media manipulations (sound, images,movies) on Windows, Macintosh, and Linux systemsidentically
with Jython.

2.1 A Relev ant Jython Example for the Course

Here's a brief example of using Jython to give a 
a vor for what students might be doing in this class. The
technique that weather forecastersusefor displaying themselves in front of a weather map is called chroma
key. It's not di�cult to do, and it's a good exampleof a simple algorithm made concretethrough the useof
a visual representation.

Figure 1: A subject in front of a blue background | our source

Pictures canbe thought of asa two-dimensionalmatrix of pixels, each of which hasa color that is a mixture of
a red, green,and blue component. Imagine that you have a picture of a subject in front of a blue background
(Figure 1)3, and a new background that you'd like to have your subject in front of (Figure 2). The problem

3Whic h could just be your son's bedsheet attached to an entertainmen t center, as long as you promise to put it back after
using it.
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Figure 2: A new background for the subject | our background

is how to replace the blue (or mostly blue|there are clearly variations of blue in this picture) pixels with
the color of the background.

The algorithm is very simple: Consider each pixel p in the sourcepicture and whether it's mostly blue. How
do we de�ne \mostly blue"? Here's a simple de�nition: If there's more blue than the other components
(red+ green ! yellow), then we'll call it \mostly blue." We'll needthe x; y position of the pixel p. We'll get
the color of the pixel in the background at the samex; y, and set p's color to the color of that background
pixel. In Jython using the media code we've developed, that algorithm looks like this:

def chromakey(sourc e,b g) :
for p in getPixels(source ):

if (getRed(p)+getGre en(p) < getBlue(p)):
setColor(p,getCo lo r(g et Pix el (b g,g et X(p), getY( p) )))

return source

The result looks like Figure 3. Could we do this in something like Adobe Photoshop? Of coursewe could.
The advantage of having it encoded in a program (or recipe as a metaphor) is that we can now immediately
replicate the processwith a di�eren t sourceor a di�eren t background (Figure 4). Once we have the recipe,
the computer will blindly follow the recipe wherever we ask it to. Knowing how to write such recipesprovides
one with enormouscommunications freedom (for websites,marketing, or any other place where one would
want to create images).

3 Structure of the Course

The currently planned week-by-week outline of lectures and topics is described in Table 1. The order of
media corresponds roughly to an increasing level of complexity in data structures.

� A sound is an array of samples.

� A picture is a matrix (two-dimensionalarray) of pixels.
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Figure 3: The subject on the moon

Figure 4: The subject in the jungle

� A directory structure (of media �les, to processmany �les with a single recipe) is a tree of �les.

� A movie is an array of matrices (frames, as pictures).

The media thus serve as a way of visualizing and making concrete(and interesting, we hope) the programs
that the students are writing. Oncethe students are writing programsof increasingcomplexity, we intro duce
the ideasof algorithm complexity, object-oriented programming, and recursion as techniques for managing
that complexity. Java is intro duced only brie
y at the end as a means for accessingthe lowest levels of
thesedata representations. The plan is neither to teach the students Java nor to intro duce all the features
of Java. Rather, only those aspects of Java that directly correspond to languageelements they're familiar
with will be intro duced. The points are to emphasizethe existenceof alternativ e notations and that what
the students have learned is applicable in other contexts.

There will be a variety of di�eren t kinds of assignments in the course,designedto give the students ample
opportunit y to learn the material in a collaborative setting.

� Weekly Lablets (15% of grade) emphasizepractice using conceptsand learning basic computer skills
(including Microsoft O�ce). Lablets are lab-like activities that students work on at home on their
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Week 1
Intro duction: What is Computer Scienceand Media Computation
Variables and functions
Week 2
Sound as an array of samples
Loops for manipulating samples
Week 3
How sound works and how it can be manipulated
Increasing/decreasingvolume, trimming sounds,creating reverb
Week 4
Developing a mental model of the program: Debugging
Imagesas a two-dimensionalarray of pixels
Week 5
Manipulating imagesby changing RGB values
Filtering imagesusing conditionals (for thresholding functions)
Week 6
Manipulating a portion of an image: Masks and varying the loop endpoint
Drawing on an image: Graphics on the image
Week 7
Developing a mental model of the program: Tracing conditionals and loops
Manipulating the �les that the media live in
Week 8
Writing scripts that move and process�les
Video: A seriesof images/framesin �les
Week 9

Applying image techniques to video frames
\Wh y is this taking so long?!?": An intro duction to algorithm complexity
Week 10
Text as a media type: Manipulating text with programs
Using databasesto store media, text, and intermediate forms
Week 11
Graphing data: Media conversion from text to graphics
Graphing data with an external program: Using Excel and preparing data for it
Week 12
\Can't we do this any easier?": Functional decomposition to reduceprogram complexity
\Can't we do this any easier?": Recursion to traversedata
Week 13
\Can't we do this any easier?": Objects as a technique to managecomplexity
Week 14
Applying thesetechniques to media manipulation
Thinking about languagesand representations for process:What computer scientists do
Week 15
Intro duction to Java
Java for Media Manipulation

Table 1: Outline of the proposedcourse
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own computer. Lablets are collaborative: Students can work together, but each student turns in an
assignment, identifying her collaborators. The goal is for theseto take one to two hours to complete.

� There will be three to four Quizzes and Pre-quizzes(15%). A pre-quiz covers the same concepts
as a quiz, and is collaborative. It's assignedon a Monday, due on Wednesday, with the matching
(individual) quiz on the Wednesday. Quizzeswill have a focuson understanding a given program, e.g.,
\A t this point in the execution, what would the value of X be? What would be on the screen?"

� Homework (�v e or six a semester| 15% of grade) is assignedon Mondays and is due the following
week. Homework can be collaborative. It will vary in complexity, but will typically take one to four
hours. Much of the homework will be changing an existing program or combining existing programs
rather than coding from scratch.

� Projects (two to three a semester|20% of grade) are similar to Homework, but are not collaborative.
Projects will typically be slightly lesscomplex than Homework, but not take lessthan one hour.

� There will be two midterm and one �nal Exams (35% of grade).
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