
COSC 4P03 – Advanced Algorithms
Winter 2017 Assignment #1

Due Date: Monday, February 13, 12:00 noon    Late date: Thursday, February 16, 12:00 noon
This assignment accounts for 15% of your final grade and is worth a total of 100 marks. 

Question 1 – “Train Parking” (50 marks)

Trains park in a siding as shown. To save space the siding is divided into a number of columns of 
length n. In the drawing above n =25 but your program should allow for a variable n. Trains enter from 
the right and back in, filling the leftmost column first. When it is parked, the train is separated into 
sections where each section has a length less than or equal n, the siding length. In the above example 
the train (from the back) had cars of length 8,11,4,12,9,6,7,5.

The rail yard imposes a penalty for trains that waste space. The penalty is the sum over all columns of 
the square of the wasted space in each column. In the example above the cars in the first (left) column 
have a total length of 23. The column has a length of 25. Excess space is 2. The penalty for column 1 is 
22 = 4. The cars in the second column have a length of 21. Excess space is 4. The penalty for column 2 
is 42 = 16.

Your goal, as the train engineer, is to minimize the penalty. You are not allowed to re-arrange the order 
of the cars. The only decision you are allowed to make is where to separate the cars into different 
columns.

Part a.  (5 marks)

Show that this problem has optimal substructure.

Part b. (5 marks)
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Give a recursive definition of the problem.

Part c. (5 marks)

Write a dynamic programming algorithm to solve the above problem. The algorithm should be written 
at approximately the same level of detail as those in the main reference book, CLRS (“Introduction to 
Algorithms”, by T.Cormen, C.Leiserson, R.Rivest & C.Stein).

Part d. (35 marks)

Write a program incorporating the above algorithm. Input will be in the form of a text file. The first line 
will contain a single integer m representing the number of rail cars.

The second line of the text file will contain a single integer n, specifying the length of the siding. You 
may assume that there are no cars with a length > n.

The third line will contain m integers separated by spaces representing the lengths of the rail cars from 
the back. 

Output should be a single line giving the total penalty, followed by a diagram showing the location of 
each car in the siding. Using the above example:

Total penalty is 69.

Diagram:

8, 11, 4

12, 9

6, 7, 5

Question 2 - “Antiques Appraiser” (30 marks)

This question involves a fictional TV show called “Antiques Appraiser”. There are three contestants. 
Each one is given the same list of antiques that have recently been auctioned. Each antique is assigned 
a number from 1 to n, where n is the number of antiques. The contestants must place the antiques in 
increasing order of price. The TV producers are not sure how to score the show. Initially it was thought 
they would simply count the number of items that were in the correct position. For example:

Correct sequence 1 4 8 7 3 2 5 6

Contestant one   1 2 7 8 3 4 5 6

In this case contestant one has items 1, 3, 5 and 6 in the correct position and would score 4/8. However 
they quickly realize this method is not ideal. Consider the example below:

Correct sequence 1 4 8 7 3 2 5 6

Contestant one   6 1 4 8 7 3 2 5

The contestant has made only one mistake (judging the most expensive to be the least expensive). All 
other items are in the correct order. Yet he gets a score of zero.

You have been hired by the producer to devise a better method of scoring the game. You decide to 
utilize two different methods, longest common subsequence and edit distance.



Input will be in the form of a text file. The first line will contain a single integer n representing the 
number of antiques. The next line will contain the integers 1 to n, separated by spaces, in some 
sequence representing the correct ordering of the antiques based on price from lowest to highest. The 
next line will contain the integers 1 to n in a sequence representing contestant one's estimate of their 
value in increasing order. The next line will contain similar data for contestant 2, followed by a line 
with the data for contestant 3.

Output should be a listing of the contestants and their score using both methods. Note, the score using 
edit distance is (n – ed) where ed is edit distance. The score using LCS is just the length of the LCS.

Contestant 1

Edit distance 18

LCS           19

Contestant 2

Edit distance 15

LCS           16

Contestant 3

Edit distance 18

LCS           20

You do not have to print out the actual LCS or the list of insertions, deletions, copies and substitutions 
used for the Edit distance. You only need the values. Your program should have some basic error 
checking. For example, it should reject any sequence that has duplicate values, missing values, or has 
values > n.

Question 3 - “Cable Pulling” (10 marks)

The phone company installs cables into new subdivisions. These cables are pulled from the switching 
office, through underground ducts which run under the street between manholes. The final manhole 
will be connected to an OPI (Outside Plant Interface). From the OPI wires run to all of the houses in 
the new subdivision.

Cables come in fixed lengths of 1000 metres. If the total distance from the switching office to the OPI 
is greater than 1000 metres, then two or more cables must be spliced together end to end. However, the 
splice can only be done in a manhole. This means that some of the cable might be wasted depending on 
the distance between manholes. See the example below:



Switching Office  Manhole 1                             2                                    3                4     

                                               

If the distance from the switching office to manhole 2 is 900 metres, then the first cable must be cut 
100 metres from the end and spliced to the second cable in manhole 2. If the distance from manhole 2 
to manhole 4 is 700 metres, then the second cable must be cut 300 metres from the end, and spliced to 
the OPI. The goal is to minimize the number of 1000 metre sections of cable that must be used to reach 
the final manhole. Show that a greedy strategy can be used to solve this problem. That is, the strategy 
that should be implemented to minimize the number of 1000 metre sections used is simply to always 
make your splice at the last manhole within 1000 metres of the previous manhole. (Note: you cannot 
re-use the extra pieces of cable that have been cut off.)

Question 4 – “Train Parking Again” (10 marks)

Suppose the rail yard in Question 1 decides to modify the method they use to charge for parking a train. 
Instead of a penalty, they will now charge on the basis of the total number of columns used. The 
amount of extra space in each column is now irrelevant. Show that a greedy strategy will work in this 
case. That is, put as many cars as possible in column 1, separate the remaining cars, then put as many 
as possible in column 2 and so on.

Additional Notes: 

� Even though there are two separate questions that have a programming component, you should 
not submit two separate programs. There should be one program that allows the user to select 
Question 1 or Question 2 using a menu or some other method. 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.  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%.

� Sample data will be provided on the course website, but the marker will  run your programs with 
other data. You should try your program on other data before submission.

� In order to simplify marking, try to adhere to the requested format as much as possible.

� Programs must be written in Java or C++.

� Your assignments will be checked for plagiarism using MOSS.

OPI



� Programs must compile and run on the Brock lab computers. You should not use software or 
compiler versions that are not available at Brock.   (Note: I have checked with Cale and 
C++11 is now available on both Sandcastle and the lab computers.)

� You should provide a statement specifying the language and IDE used (if any) plus any other 
additional information needed to run your program.

Submission Requirements:

All of the following must be placed in a sealed envelope in the 4P03 assignment box:

� 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.

� All answers to the written parts of this assignment. If this portion is hand written, it must be neat 
and legible. If the marker can't read it, he can't mark it.

� You do not have to print out 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.


