
COSC 4P03 – Advanced Algorithms
Winter 2017 Assignment #2

Due Date:  Monday13th March 12:00 noon    No Late Date
This assignment accounts for 15% of your final grade and is worth a total of 100 marks.
This assignment is courtesy of Professor Sheridan Houghten.

In  this assignment you are to use backtracking to solve a problem related to the packing of 
smaller squares into larger squares. This problem was inspired by question 3.19 from the text 
“Combinatorial Generation” by F.Ruskey.

Given an nxn square S, we wish to find the minimum number of smaller squares that can be used 
to  tile  S.  All  squares  used for  tiling have sides of  integer  length between 1 and  n-1.  Two 
solutions S1 and S2 are considered equivalent if S2 can be obtained from S1 by rotations and/or 
transpositions (“flipping” across an axis). Consider the following examples for n = 4:

The first solution is optimal, since it is not possible to tile a 4x4 square with fewer than 4 smaller 
squares. The last two solutions are not optimal, since they each use 8 smaller squares. Also, the 
last two solutions are equivalent, due to transposition across the y axis.

Question 1 (75 marks):

Write a program which uses a backtracking algorithm to compute the number of inequivalent 
optimal tilings of an nxn square for a given value of  n. You should run this program once for 
each different value of  n from 5 up to whatever value your program can complete in no more 
than 1 hour of CPU time on a single processor. (No threading.)
You will notice that squares where n is a prime number are the most difficult to tile and the most 
computationally expensive. Thus, although your program must work for all sizes, it is the prime 
number sizes that you should focus on improving.
Input for each run: n (integer)
Output for each run: The number of smaller squares used in an optimal tiling, followed by one 
such optimal tiling and a count of the number of inequivalent optimal tilings. You must also print 
out the time required for the run and the number of nodes in each level of your search tree. For 
each run where n is prime, save your output in a separate text file, and submit all of these files 
electronically along with your program. You do not need to submit hard copies of your results. 
To print out a given tiling, you can use any format that will be clear to read. You may wish to 
number each of the smaller squares used. Thus the first solution above would be printed as 
follows:

1 1 2 2
1 1 2 2
3 3 4 4
3 3 4 4



Important note:  Marks will be allocated for efficiency – see recommendations below. In other 
words, the larger the prime number size square you can tile in one hour, the higher your mark. 
You must have adequate documentation to explain the decisions made to help efficiency.

Expected Results: The following are the correct results for the prime number sizes:

Square size Minimum tiles needed Number of non equivalent tilings

Any even number 4 1

5 8 5

7 9 4

11 11 34

13 11 1

17 12 2

19 13 113

23 13 2

29 14 4

31 15 646

Question 2 (25 marks):

Write a program to estimate the number of nodes at each level of the backtracking search tree for 
your solution to question 1 above. Use this program to estimate the number of nodes at each 
level of the tree when used to compute the number of inequivalent optimal tilings of an  nxn 
square. Provide results for n = 17 and n = 19. (If you were unable to tile these sizes in Part 1, 
then provide results for the two largest prime number sizes your program was able to complete.) 
Your program should randomly choose at least 5 different paths for each one of these values, and 
average out their results to produce your estimate.
Input for each run: n (integer)
Output for each run: A table indicating, for each level of the search, the estimated number of 
nodes at that level. Note: if the estimated number is 0, then don’t print further levels as these will 
also be 0. Save your output for sizes 17 and 19 in separate text files, and submit these files. Also, 
provide a comparison of the actual number of nodes generated in part 1 with the estimate from 
part 2. If there is a large discrepancy, explain why you think the numbers are not close. If the 
results were close, explain any assumptions or adjustments you had to make (if any).

Recommendations:
Given a large enough value of n, your program from part 1 will take an extremely long time to 
run. I strongly recommend you do all of the following:
1. Try small values of n before moving on to the larger ones. You might be very surprised to 

discover a huge increase in CPU time for a small increase in n.
2. Think about what constitutes a “level” of the search.



3. Think carefully about which candidates you actually need to test at each level of the search, 
and in what order. Be careful that you are not generating permutations.

4. Think carefully about when and how to test for equivalence. 
5. Think carefully if there are any assumptions you can make about the structure of the square.
6. There are basically two strategies that can be used: for every size try all positions, or for 

every  position try all  sizes.  If  you  find you  are getting stuck at  size 17 or less,  try the 
alternate strategy.

7. Think about bounding functions. Is there any way you can tell in advance when a branch 
cannot match an optimal tiling?

Additional Notes: 
1. Marks are allocated for producing the correct results while following the given instructions. 

Correct output with incorrect implementation will result in a poor grade. Your program must 
use recursion. If you use a stack instead, this will result in marks being deducted.

2. In order to simplify marking, try to adhere to the requested format as much as possible.
3. Programs must be written in Java or C++.
4. Your  assignments  will  be  checked  for  plagiarism  using  MOSS (Measure  of  Software 

Similarity).
5. Your assignment should make use of multiple classes where you think this is appropriate. 

Remember  the  discussion  in  class  about  breaking  your  code  into  classes  based  on 
functionality and keeping classes relatively small. As with assignment 1, you should submit a 
single program that contains both parts 1 and 2, then use a menu or some other system to 
choose which part to run. Also, if you are coding in C++, remember to use the .h file as a 
type of interface where variables are defined and functions are prototyped. Implementation is 
done in the corresponding .cpp file. Programs that cram hundreds of lines of code into one 
huge, bloated class will be penalized by up to 20%.

Submission Requirements:
All of the following must be placed in a sealed envelope in the 4P03 assignment box:
1. A cover sheet, available from http://www.cosc.brocku.ca/forms/cover, completely 

filled out. Your assignment will not be marked unless one is submitted with the assignment.
2. Adequate documentation to explain (and show the validity of) the decisions you have made 

to improve efficiency.
3. If there was a discrepancy between the number of nodes reported in parts 1 and 2, provide an 

explanation of why the estimate from part 2 did not work well. If the estimate was in close 
agreement with the actual results, explain any adjustments or assumptions you had to make 
to achieve this.

4. A statement specifying the language and platform used, plus any other additional information 
required to run your program.

5. Remember  that  it  is  the student's  responsibility  to  ensure your  programs run on the lab 
computers.

6. You do not have to submit a hard copy of your source code.

You must also submit your assignment electronically to MOSS. To do this, create a directory on 
Sandcastle containing all files for this assignment, and run the script  submit4p03 from this 
directory.


