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CS 4452: Human Centered Computing Concepts

Final Examination

Fall 2004

General Instructions:

The final examination consists of four questions drawing from material presented throughout the course. The exam will be distributed on Friday, December 3 and is due no later than 8:00am EST on Friday, December 10.

This exam is a NON-COLLABORATIVE ACTIVITY! You may not talk to anyone about their code, nor look at anyone else's code, nor allow anyone to see your code. This is a TAKE-HOME EXAM. It is an "open book" exam. You may use your book, any slides, any material in the CoWeb, and any programs you've written (even with others).

You will submit your exam via email, attaching separate files for each of the five questions on the exam. The email should be addressed to both mynatt@cc.gatech.edu and svoida@cc.gatech.edu. When you turn in your exam, you are to enter into the body of the email the statement: "I did not provide nor receive any aid on this exam." IF YOU CANNOT MAKE THAT STATEMENT TRUTHFULLY, DO NOT SUBMIT YOUR EXAM! ANY EXAM WITHOUT THAT STATEMENT WILL NOT BE GRADED. If you submit multiple emails, only the last email received before the exam deadline will be graded.

For programming problems, BE SURE TO TURN IN SOMETHING THAT WORKS! If your program fails with an error, it becomes very hard for the grader to give you any points at all! Turn in something that works, even if it doesn't do EVERYTHING, and you will get partial credit. If your program stops with an error without getting anything done, we are hard pressed to give you any points at all.

	Submission Checklist:

· Submission email recipients are mynatt@cc.gatech.edu and svoida@cc.gatech.edu
· Submission email is sent (and timestamped) before Friday, December 10, 8:00am EST

· Body of submission email contains the text “I did not provide nor receive any aid on this exam.” 

Submission email includes the following attachments:

· q1.py, containing two functions named findgtg() and findgtgs(), as well as any necessary helper functions
· q2.py, containing your implementation of the infinitePicture() function, any necessary helper functions, and a comment containing your answer to Part II

· Your source image and the resulting self-similar output picture, if you choose to undertake the Extra Credit portion of Question 2

· q3.txt, containing five short answer responses

· q4.py, containing your implementations of the SlideShowFrame and ArtisticSlideShowFrame classes, a function named musicalSlideShow(), a function named interactiveSlideShow(), and any necessary helper functions


Question 1: Manipulating Strings
15 points

Imagine that you are a CS 1315 TA. Several of your students have IMed you to say that they want to be sure that their homework assignments were submitted successfully, but that they cannot access the turnin Coweb. You’ve taken down a list of their names, but forgot to ask them their “gtg” numbers before they signed off. Fortunately, your Head TA has provided you with a file (currently stored in your JES directory) named 1315students.txt. The format of the file is:

gtgnumber/First M. Last/TA1First TA1Last, TA2First TA2Last/Day/StartTime-StopTime

(You may assume that gtg numbers, names, days, and times don’t have slashes in them.)  An excerpt from the file might look like this:

gtg123a/George P. Burdell/Nakul Reddy, Kelly Lyons/Tuesday/3:00-4:30

gte444q/Brad Pitt/Rebecca O’Donnell, Hirani Imran/Thursday/3:00-4:30

gtg563b/Keira Knightley/Gutenberg Vera, Jonny Aguillard/Tuesday/4:30-6:00

gtg987v/George Foreman/Blake O’Hare, Andrew Thigpen/Tuesday/3:00-4:30

Write a function called findgtg() that takes one input: a string containing all or part of a student’s name. If the name is found in the 1315students.txt file, the function should print out the student’s name and gtg number. If multiple matches are found, the function should print the information for each potential match. If the name is not found in the file at all, the function should print “Student not found.”

Here are several examples of the output that your findgtg() function should produce:

>>> findgtg("Brad Pitt")

Brad Pitt: gte444q

>>> findgtg("Michael Vick")

Student not found.

>>> findgtg("George")

George P. Burdell: gtg123a

George Foreman: gtg987v

Once you have a working findgtg() function, write a second function called findgtgs() that takes one input: a list of strings, each containing all or part of a student’s name. Your findgtgs() function should use functional programming and your existing findgtg() function to print out any matching student names and gtg numbers for each name in the input list.

Here is an example of the output that your findgtgs() function should produce:

>>> findgtgs(["Knightley", "Jon Stewart", "P"])

Keira Knightley: gtg563b

Student not found.

George P. Burdell: gtg123a

Brad Pitt: gte444q

What to submit: Attach a file named q1.py to your email submission containing your implementations of the findgtg() and findgtgs() functions, as well as any necessary helper functions.

Question 2: Pictures Repeating Into Infinity
20 points

Some kinds of images are called self-similar; that is, parts of the original picture are repeated at progressively smaller scales within the picture itself. Fractals are one important example of self-similar images. Here are two examples:
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Self-similar images can be created programmatically. The left image was created by scaling the entire image down and copying it into the frame area over and over. The right image was created by scaling the entire image down and copying it into the area of the upper triangle. Here are the original pictures used to create the self-similar images; the green rectangles represent the areas where the whole picture was scaled and copied into itself:
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Part I. Write a function named infinitePicture() which takes as its input a single Picture object. If the specified picture has a pure green rectangular region, like either of the two pictures above, then your function should replace it by scaling and copying the entire picture (the green area included) into that region. This process should continue until all of the green has been replaced. Your function should return a Picture object containing the completed “infinite” picture. (Hint: this is a problem for which recursion might be useful!)

Your program should be able to output both of the self-similar images at the top of this page when the original pictures are used as input. (The two original images are available on the CS4452 Coweb on the “Final Exam Materials” page)

In order to make your job a little simpler, you may use any of the following functions, which assist in scaling and copying pictures and finding the coordinates of pure green rectangular regions in an image:

# Duplicate a picture object without the risk of side effects

def deepCopy(source):

  # Make a target canvas the same size as the original picture

  # (The '-1's are because of a bug in JES' makeEmptyPicture function)

  target = makeEmptyPicture(getWidth(source) - 1, getHeight(source) - 1)

  for x in range(1, getWidth(source) + 1):

    for y in range(1, getHeight(source) + 1):

      col = getColor(getPixel(source, x, y))

      newpix = getPixel(target, x, y)

      setColor(newpix, col)

  return target

# Shrink and copy a source picture into a specified region in a target picture

def copySourceToTargetArea(source, target, targetX1, targetY1, targetX2, targetY2):

  sourceWidth = getWidth(source)

  sourceHeight = getHeight(source)

  sourceX = 1

  for x in range(targetX1, targetX2 + 1):

    sourceY = 1

    for y in range(targetY1, targetY2 + 1):

      col = getColor(getPixel(source, min(sourceX, sourceWidth-1), min(sourceY, sourceHeight-1)))

      targetPix = getPixel(target, x, y)

      setColor(targetPix, col)

      sourceY = sourceY + int(sourceHeight/(targetY2 - targetY1 + 1))

    sourceX = sourceX + int(sourceWidth/(targetX2 - targetX1 + 1))

  return target

# Returns a tuple containing the upper left X and Y coordinates of a pure green rectangle

# in the source picture.  If no pure green pixel is found in the picture, returns (-1, -1)

def findGreenUpperLeft(source):

  for x in range(1, getWidth(source) + 1):

    for y in range(1, getHeight(source) + 1):

      col = getColor(getPixel(source, x, y))

      if col == green:

        return (x, y)

  return (-1, -1)

# Returns a tuple containing the lower right X and Y coordinates of a pure green rectangle

# in the source picture.  If no pure green pixel is found in the picture, returns (-1, -1)

def findGreenLowerRight(source):

  for x in range(getWidth(source), 0, -1):

    for y in range(getHeight(source), 0, -1):

      col = getColor(getPixel(source, x, y))

      if col == green:

        return (x, y)

  return (-1, -1)

Part II. Add a comment to your program file (on its own line, before the program code begins) describing the complexity (in “Big-O” notation) of your algorithm.

Extra Credit. Create your own self-similar image using your infinitePicture() function and a source image of your own design. (Hints: (1) Keep the pure green pixels away from the edges of the source picture. (2) Save your source picture in GIF format, since JPG compression creates artifacts in large, solid-colored regions.)

What to submit: Attach a file named q2.py to your email submission containing your implementation of the infinitePicture() function and any necessary helper functions. Make sure your answer to Part II is included as a comment in the file. If you choose to undertake the Extra Credit portion, attach copies of your source image and the resulting self-similar output picture.

Question 3: Short Answer
20 points

Create a text file named q3.txt and type in your answers to the following questions. (Each answer should be about a paragraph long; “Brevity is the soul of wit.” –William Shakespeare)

(a) How does Google News generate its news page if Google employs no reporters? Explain both how Google gets the stories and how the page is generated.

(b) Why does Java typically compile to a machine language for a CPU that doesn’t physically exist?  What is the market advantage of such a scheme?  What is a disadvantage?

(c) Name three characteristics of object-oriented programming that set it apart from traditional, procedural programming. Explain (briefly!) why these characteristics make the object-oriented paradigm a useful way to design programs.

(d) What is meant by “digitizing media?”  Why would some audiophiles shun digital media, such as CDs, and instead prefer analog recordings, such as vinyl records?

(e) What does the notation “Big-O” represent?  Why would a programmer care whether a particular algorithm was O(n) or O(n2)?  Why might an information architect or interface designer care?

What to submit: Attach your q3.txt file to your email submission.

Question 4: A Better Slide Show (Without So Many Windows!)
45 points

The following code implements a simple picture viewer class using the Swing GUI toolkit:

import javax.swing as swing

class ImageFrame(swing.JFrame):

  def __init__(self, jesImage):

    swing.JFrame.__init__(self)

    self.setImage(jesImage)

    self.visible = 1

  def setImage(self, jesImage):

    self.contentPane.removeAll()    # Unloads previous picture

    self.contentPane.add(swing.JLabel(swing.ImageIcon(jesImage.pic.bimg)))

    self.pack()                     # Resizes window to match picture size

If you type (or copy) this class into JES, you can test it out using the following code:

setMediaPath()

pic1 = makePicture(getMediaPath('barbara.jpg'))

pic2 = makePicture(getMediaPath('flower.jpg'))

win = ImageFrame(pic1)

win.setImage(pic2)

Part I. Write a class called SlideShowFrame that subclasses ImageFrame and provides a slide show of a single directory of images. SlideShowFrame should include (at a minimum) the following class methods:

· A constructor (__init__()), which takes a single parameter: the path of the directory containing the images to be displayed in a slide show. The constructor should automatically call the self.setImage method inherited from ImageFrame so that the first JPG image in the specified directory is displayed immediately.

· next(), which takes no parameters and updates the window to display the next JPG image in the slide show directory. If the last JPG image in the slide show directory was already being displayed, the method should return without doing anything at all.

· prev(), which takes no parameters and updates the window to display the previous JPG image in the slide show directory. If the first JPG image in the slide show directory was already being displayed, the method should return without doing anything at all.

SlideShowFrame will necessarily have several instance variables; you can define as many as you need and name them whatever you’d like. However, you must implement and maintain an instance variable named isDone. When your SlideShowFrame is showing any picture except the last JPG image in the slide show directory, isDone should be equal to 0. When your SlideShowFrame is showing the last JPG image in the slide show directory, isDone should be equal to 1.

A sample of some code that uses your SlideShowFrame class might be:

win = SlideShowFrame(r'C:\Temp\SlideShowPics')    # Displays first of several JPGs

                                                  # in C:\Temp\SlideShowPics

win.next()          # Displays second JPG

win.prev()          # Displays first JPG again

win.prev()          # Continues showing first JPG (no error)

print win.isDone    # Should be 0 since the first JPG is being displayed

Part II. Write a function named musicalSlideShow() that uses your SlideShowFrame class to display an automated slide show of all the pictures in a directory, playing the same sound as each is displayed. musicalSlideShow() should take two parameters: the path of the directory containing the images to be displayed, and a Sound object that should be played in the background during the slide show.

A call to musicalSlideShow() should immediately display the first JPG image in the slide show directory and begin playing the specified sound. After the sound finishes playing, the next picture in the directory should be shown automatically (without any user intervention) and the sound is played again. When all of the pictures in the directory have been displayed once (each with accompaniment), then musicalSlideShow() should return.

An example call to your musicalSlideShow() function might look like this:

setMediaPath()

snd = makeSound(getMediaPath('gettysburg10.wav'))

musicalSlideShow(r'C:\Temp\SlideShowPics', snd)

Part III. Write a class called ArtisticSlideShowFrame that subclasses SlideShowFrame, providing all of the original class’ functionality as well as the additional capability to display pictures either in their original format or with one artistic effect (such as grayscale, posterization, or some other image manipulation) applied to all of them.

Your implementation of the ArtisticSlideShowFrame class should include three additional methods over and above the methods defined in the SlideShowFrame superclass: an setArtistic() method, an isArtistic() method, and a “helper” method that takes a single Picture object as input and modifies it artistically in some way using the object-oriented methods provided by the Picture and Pixel classes (see pages 346‑349 in the book for some examples).

Your setArtistic() method will be used to toggle between normal picture display mode and artistic picture display mode. The method will take a single parameter – a number – which can have two values: 0 or 1, representing “off” and “on,” respectively. By default, instances of ArtisticSlideShowFrame should be in normal picture display mode. From normal mode, a call to setArtistic(1) will put the instance into artistic mode – the frame should re-display the current picture with your artistic effect applied, and all future pictures displayed using the prev() and next() methods should also be displayed using your artistic effect. From artistic mode, a call to setArtistic(0) will put the instance back into normal mode – the frame should re-display the current picture without any modification, and future pictures displayed with prev() and next() should also appear unaltered. Calling setArtistic(1) when already in artistic mode or setArtistic(0) when already in normal mode should have no effect.

The isArtistic() method takes no parameters and should return a number representing the current display state of the slide show. The method should return 0 if the slide show is in normal mode and 1 if it is in artistic mode.

Note that you may need to provide a new implementation of one or more of the existing methods in ArtisticSlideShowFrame (e.g. prev(), next(), or setImage()) to handle the new, dual-mode functionality.

A sample of some code that uses your ArtisticSlideShowFrame class might be:

win2 = ArtisticSlideShowFrame(r'C:\Temp\SlideShowPics')    # Displays first of several

                                                           # JPGs in the specified

                                                           # directory normally

win2.next()              # Displays second JPG normally

win2.setArtistic(1)      # Displays second JPG with your artistic effect

win2.prev()              # Displays first JPG again, now with your artistic effect

print win2.isArtistic()  # Should be 1 since we're currently in "artistic mode"

win2.setArtistic(0)      # Displays first JPG normally

win2.prev()              # Continues showing first JPG normally (no error)

print win2.isArtistic()  # Should be 0 since we're currently in "normal mode"

print win2.isDone        # Should be 0 since the first JPG is being displayed

Part IV. Write a function named interactiveSlideShow() that uses your ArtisticSlideShowFrame class to display an user-controlled multimedia slide show of all the pictures in the directory. interactiveSlideShow() should take two parameters: the path of the directory containing the images to be displayed, and a Sound object that the user may play in the background during the slide show.

A call to interactiveSlideShow() should immediately display the first JPG image in the slide show directory (without any artistic effects applied) in one window. A second, “control panel” window should also be displayed that looks something like this:
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When the user clicks on the “Toggle effect” button, the slide show should switch from normal to artistic mode (or vice versa) and the appropriate version of the current picture should be displayed. When the user clicks on the “<<” button, the previous JPG image in the slide show directory should be displayed in the current mode (normal/artistic), unless the first JPG image is already being displayed (in which case nothing should happen). When the user clicks on the “>>” button, the next JPG image in the slide show directory should be displayed in the current mode (normal/artistic), unless the last JPG is being displayed. When the user clicks on the “Play sound” button, the specified sound should be played one time in the background. (Meanwhile, the user interface should continue to be responsive; all buttons should continue accepting and acting on user inputs while the sound is playing). When the sound stops playing, the user must click the button again to restart sound playback.

The interactive slide show should not advance automatically.

An example call to your interactiveSlideShow() function might look like this:

setMediaPath()

snd = makeSound(getMediaPath('gettysburg10.wav'))

interactiveSlideShow(r'C:\Temp\SlideShowPics', snd)

What to submit: Attach a file named q4.py to your email submission containing your complete implementation of the SlideShowFrame and ArtisticSlideShowFrame classes, your musicalSlideShow() and interactiveSlideShow() function, and any necessary helper functions.

