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I pledge that I have neither given nor received unauthorized help on this exam 
 
 
Instructions:    
 
This is closed book exam.  One 8.5 x 11 page of notes are allowed.  Calculators can be used for 
numerical calculations only (not as electronic notebooks).  Please write your answers neatly in 
the spaces provided.  Raise your hand if you have any questions. 
 
 
1) Geometric Transformations (20 points) 
 
In many of the OpenGL programs we have used this semester, object rotation was implemented 
using the following lines of code in the “display” callback: 
  
 glMatrixMode(GL_MODELVIEW); 
 glLoadIdentity(); 
 glRotatef(xangle, 1.0, 0.0, 0.0);  // rotate x 
 glRotatef(yangle, 0.0, 1.0, 0.0);  // rotate y 
 glRotatef(zangle, 0.0, 0.0, 1.0);  // rotate z 
 
The parameters “xangle”, “yangle”, “zangle” are global variables that are initialized to zero.  In 
the “keyboard” callback these global variables are incremented by 5 degrees when the user types 
‘X’, ‘Y’, or ‘Z’ and decremented by 5 degrees when the user types ‘x’, ‘y’, or ‘z’. 
 

a) What will the three rotation angles be if the user types in “XXXyyZxx”? 
b) What would happen if the user input “xxZyyXXX” instead?  Explain. 
c) Assuming there are no other changes to the GL_MODELVIEW matrix, what is the order 

in which the three rotation operations above are applied to polygon vertices. 
d) In general, does the order of operation matter when applying a sequence of rotations? 

 



2) Hidden Surface Removal (20 points) 
 
Assume that you are given a sequence of N convex polygons with (x,y,z) coordinates defined for 
each polygon vertex.  Your goal is to create an image where only the visible portions of each 
polygon appear on the screen, and hidden surfaces are removed. 
 

a) Describe how the “z-buffer algorithm” for hidden surface removal works. 
b) Describe how the “painters algorithm” for hidden surface removal works. 
c) Give one advantage of the “z-buffer” versus the “painters” algorithm. 
d) Give one advantage of the “painters” versus the “z-buffer” algorithm. 

 
3) Line Drawing (20 points) 
 
Consider the following DDA line drawing code: 
 

int Image[20][20]; 
void draw_line(int x1, int y1, int x2, int y2, int value) 
{ 
   // Calculate step size 
   double dx = x2 - x1; 
   double dy = y2 - y1; 
  
   // Draw points on line 
   double x = x1 + 0.5;   
   for (int y = y1; y <= y2; y++) 
   { 
      Image[y][(int)x] = value; 
      x += dx/dy; 
   } 
} 
 

a) Trace the draw_line function above to determine which (x,y) locations in the image will 
be modified when drawing a line from (10,5) to (15,15). 

b) How many integer arithmetic operations (+,-,*,/) are needed to draw this line? 
c) How many floating point arithmetic operations (+,-,*,/) are needed to draw this line? 
d) What would happen with this code if the line we draw has dy = 0? 

 
4) Line Clipping (20 points) 
 
Assume that your task is to clip a line segment given by the endpoints (x1,y1) and (x2,y2) 
against a clipping window given by [xmin .. xmax] to [ymin .. ymax]. 
 

a) Describe how the Cohen-Sutherland “outcodes” are calculated. 
b) How can you determine that a line segment is fully inside the clipping window? 
c) How can you determine that a line segment is fully outside the clipping window? 
d) How can you determine that a line segment must be clipped against the x=xmin line? 

 



5) Polygon Rendering (20 points) 
 
Assume that your task is to draw a polygon with coordinates (5,0), (10,5), (5,10), (0,5) with a 
solid color (R,G,B). 
 

a) Describe the major steps in the “flood fill” polygon rendering algorithm.   
b) Describe the major steps in the “scan line” polygon rendering algorithm. 
c) Give one advantage of the “flood fill” versus the “scan line” algorithm. 
d) Give one advantage of the “scan line” versus the “flood fill” algorithm. 

 
 


