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Due date: 12:00 noon Monday March 13.  No lates accepted.  

Objectives: 2D/3D computational geometry and OpenGL. 

Hand in: All files and folders in directory structures on Sakai (as with assignment 1). 

Comments: 

• You may work alone or in a pair for questions 1 and 2. You must work alone on 
question 3.  

• If in a group, all members must contribute equally to the submission, and be able to 
answer questions about all submitted code. All group members are equally 
responsible for all code that is submitted. 

• Each question is worth 65 execution marks, plus 5 programming style/quality marks. 
Each question has an optional bonus part worth 10 marks (with some conditions on 
question 3).  

• The marking template is on the web site. 

 
 
Do one of the following. 

 
 
1.  2D Triangulation [ 65+5 = 70 (80 bonus) ] 
 

(a) Initialization [3]: Generate N random unique points on the plane.  Render these points. 
 
(b) 2D naive triangulation [20]: Implement the naive triangulation algorithm discussed in 
class. Draw the result. Save the triangles in a data structure. Count and print the number of 
edges created. Render the edges. 
 
(c) 2D triangle polygon extraction [15]: Extract triangle polygons from the edges found in 
(b). Count and print the number of polygons created. Render them as solid polygons.  
 
(d) Cleanup [22]: Implement the cleanup algorithm discussed in class. It is invoked by a 
"cleanup" command key (or menu item). It will take the original triangulation from (c), and 
repeatedly optimize pairs of triangles with shared edges. Render the progress of the cleanup 
as it runs, by erasing old edges and drawing the updated edges. 
 
(e) Lattice [5]: Apply (b, c, d) above to an N-by-N lattice of points. You might wish to have a 
special command to set up this data. Render the result. 
 
Bonus -  Surface of a 3D function [10]: Using random points in (a), let the 2D 
triangulated/cleaned up triangle mesh define the surface of a 3D function:  y = f(x, z).  You will 
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treat the 2D version as vertices on the X-Z plane (more explanation of this in class). Let the 
user select between 3 different 3D functions that you supply.  For example: 
 
  y = sin(x*y)*cos(y-x) 
 
The coordinate system should be centered around (0,0,0), and X and Z should be permitted 
to be positive and negative. Then perform a 2D triangulation on the points, by applying it only 
to the (X,Z) coordinates (the triangulation in the main question does this). The resulting 
triangulation will take the form of polygons on the surface of the function. Insert the computed 
Y values into the vertex coordinates, and plot the 3D surface in OpenGL. The function is 
therefore computing the height of each vertex. Note that you should compute the Y values 
just once, and save the (X,Y,Z) coordinates in a table for efficient rendering in 3D. Use the 
code in "rotate2.c" to spin the surface in 3D, under user control. 

 
 
2. 3D Spherical Convex Hull [ 65+5 = 70 (80 bonus) ] 
 

(a) Initialization [10]: K unique random vertices in 3-space that lay on a spherical surface are 
generated. Please see the supplemental notes online (reference at end of assignment).  The 
default is perhaps 100, but you should offer an option to use more vertices (1000? the more 
vertices, the better it will look). You should set appropriate bounds in X, Y, and Z directions. 
 
(b) 3D convex hull [40]: Implement the greedy convex hull algorithm for 3 dimensions. Note 
that, instead of finding the distances between points and lines, you’ll find distances between 
points and planes. You should store the hull in a data structure of triangle polygons. (See the 
References for the plane equation that you should use. 
 
The 3D algorithm is very similar to the 2D one, except planes are used instead of lines. Your 
while-loop should take a set of 3 points, use them to define a plane, and then check if all the 
other points are on one side of that plane (the signed distances of points to the plane are 
either all positive or all negative; remember to not include the 3 points in the test!) 
Notwithstanding a special case below, you will normally add those 3 points to your hull 
polygon table when this happens. We will always use triangles for the surface polygons. 
 
However, when too few vertices are used,  or with bad luck, there can be 4 or more points co-
planar on the plane, while all the other points are on one side or the other. This means that 
there are other points besides the 3 defining the plane, that have a distance of 0 to the plane.  
The "correct" way to fix this is to do a 2D planar triangulation on all these co-planar points. 
However, we will use an easier strategy (a "kludge"). We will add a new point to the set of 
points, that will be somewhere above the problematic planar polygon that cannot be a 
triangle. This point should allow the convex hull algorithm to continue processing the points, 
resulting in triangles. Here is how it works: 
 

• Do not add the 3 points above into the convex hull triangle table. 
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• Find the average (X, Y, Z) coordinate of all the co-planar points, including the 3 used 
to define the plane. Call this average coordinate A (Xa, Ya, Za). 

• Treat A as a direction vector from the origin to A. Normalize this direction (see 
supplemental notes for creating spherical random points). Call the normalized 
coordinate B.  

• Add B to your points table, and continue the 3D convex hull algorithm.  
 
(d) Rendering [15]: Draw the 3D hull from (c) by defining an appropriately sized volume with 
glOrtho. The hull should be centered in the middle of the volume, and the volume should be 
centered on the origin (0,0,0), with equal ranges positive and negative on the 3 axes. You will 
also need to use the Z-buffer. One command key will draw the hull using randomly coloured 
polygons. Another key will display the hull as a wire frame. Use the scheme in the file 
“rotate2.c” to spin your 3D hull interactively.  
 
Bonus [10]: 3D spherical hull peel. Define a loop that creates a new set of random points a 
distance d from the origin (0,0,0), computes and renders its hull, and then repeats the process 
a given number of times for smaller and smaller d values. The result should be a set of 
concentric spheres. Render the result using transparent surfaces (OpenGL’s alpha channel). 
Spin your object in 3D (see (d) above).  
 

 
3. Minimal Spanning Tree (MST) [ 65+5 = 70 (80 bonus) ] 

 
IMPORTANT NOTE: This is a single student question - no groups permitted! 
 
(a) 2D Initialization [5]: There are 2 initialization modes: 
 
(i) The default is “r” (random). The user may have entered a number N on the command line 
with your program, for example, “mst 250”. Generate N unique random vertices (default 100).  
(ii) The user can type “m” and then interactively enter points with the mouse and cursor. “m” 
quits the input mode. Be sure to check that the vertices given by the user are unique (ignore 
any that are not).  
 
When drawing the points from any input mode, use glPointSize so that they are large enough 
to see. 
 
(b) 2D MST [20]: Implement Prim’s Algorithm to compute the MST. Draw the tree that you 
find. Also report the minimal distance computed by the tree. 
 
(c) 2D rendering [5]: Render the 2D MST computed in (b). 
 
(d) 3D MST [25]:  Repeat the above, but in 3 dimensions! Generate the data randomly (no 
interactive input). Double check that points are unique. Points are generated in a volume, and 
3D coordinates are used for the points.  
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(e) 3D rendering [10]: Draw the result of (d) in 3D. Use a square orthographic rendering 
volume that contains all the points without clipping. Spin the result as well , again with no 
clipping. You can use rotate2.c in the 3P98 example folder for rotation control. 
 
Bonus - Interactive 2D MST [10]: This variation of the above 2D algorithm will allow you to 
add points interactively (a, ii) but it will immediately compute and display the MST. Each point 
added results in a new MST calculation.  
 
*** SPECIAL OPTION *** 
 
Many MST algorithms such as Prim's (and Kruskal's) are widely available on the internet. For 
full marks, you must implement Prim's from scratch . Since it is often an assignment question 
in COSC 2P03, you have permission to use your same code in this assignment (but you 
MUST clearly state that you are doing so).  
 
However, if you are truly pressed for time, or cannot get it to run, I will allow you to use code 
you find on the web, with the following STRICT CONDITIONS: 
 

• You can use Prim's or Kruskal's algorithm if you find it online. Indicate which of these 2 
algorithms you are using. If you use another algorithm, it will get a grade of zero. 

• You must include complete information on the source (web site URL, author, date 
downloaded) of the code you use. If this is not done, there will be academic 
misconduct charges. You should understand the code you submit. 

• (b) will be worth a maximum of 10, and (d) a maximum of 10.  In other words, the 
maximum mark you can get on the assignment is 45 out of 70 (presuming you ace the 
other parts).   

• The 5 programming style marks will be applied only to your own code, and not the 
borrowed code. 

• You will not be eligible for the bonus question if you submit borrowed code. 
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Comments:   
 

Implement your programs modularly. Make good use of functions and data structures. Test 
modules separately before integrating them into the full program. Test your programs on 
small data sets before using large ones. Use simple hand-computed test cases with known 
solutions to ensure your modules are working correctly. Make generous use of print 
statements for debugging. Be careful with formulas: just one wrong sign in an equation can 
cause major problems. Be aware of “end cases” for hulls and triangulations. Make sure your 
random points are unique! Note that all questions can be done with integer arithmetic, which 
is faster than float. But beware that random generation of integer coordinates can more easily 
result in duplicate points. 

For full marks, the program should process a general number of points specified by the user. 
This requires dynamic data structures. However, you can still get an excellent grade if you 
use fixed-sized data structures. As usual, you might want to use them first, and then 
generalize them after your program is working bug-free. Examples of dynamically allocated 
arrays and tables in C are in the 3P98 example folder on the web (eg. multidim.c, 
newsample.c and random_circle.c). 

Again, a reminder to do your own work. Do not use algorithms or code from the Internet 
(other than in the special option in question 3).  Be sure to follow instructions and implement 
the required algorithms. No credit will be given for alternative algorithms used that are 
different than those specified in this assignment.  This means you cannot use any other 2D 
triangulation (eg. Delaunay) or 3D convex hull (eg. gift-wrapping) for questions 1 and 2. If 
you use another algorithm, you get a zero on the algorithm parts of the question, even if you 
do it yourself, or include a reference to the code you got online. If you do not attribute it as 
code you copied from the Internet, then academic misconduct charges will occur. 

 

References: 

 

Prim's Algorithm: https://en.wikipedia.org/wiki/Prim%27s_algorithm 

 

Plane equation given 3 points: https://keisan.casio.com/exec/system/1223596129 

  

Generating points on a unit sphere: 

http://www.cosc.brocku.ca/Offerings/3P98/course/supplemental/Spherical_Points.pdf 

https://en.wikipedia.org/wiki/Prim%27s_algorithm
https://keisan.casio.com/exec/system/1223596129
http://www.cosc.brocku.ca/Offerings/3P98/course/supplemental/Spherical_Points.pdf

