COP 3530 Homework #3

Assigned: 10/13/05 (Thursday)

Due: 11/1/05 (Tuesday)

Problem: Railroad Building

You have been given the daunting task of designing a railway system between a set of cities. Your goal is to minimize the cost of the tracks laid. Given information about the cost of building railway tracks between each pair of cities that needs to be connected, you must determine one set of tracks to build that connects each city to one another at minimal cost.

Implementation Details

You must implement Kruskal's algorithm to solve the problem. Furthermore, you must implement a Disjoint Set to aid in cycle detection during the algorithm. Please use the most efficient implementation discussed in class that involved path reduction. (This is version 3 discussed in the text on pages 159-161.) Also, rather than sorting all of the edges, please write your own Heap class and create a heap out of all of the edges and extract the minimum edges from this heap as needed. Thus, you must turn in at least three files: Railroad.java, DisjointSet.java, and Heap.java. Please implement both the Disjoint Set and Heap using an array. Also, if you need to sort the edges to satisfy the output requirements, you may use Java's prewritten sorting method.

Your program will read in input from the file "railroad.in" and then output each corresponding solution to the screen.

Input File Format

The first line of the input file will contain a single positive integer n, representing the number of test cases in the file. Each test case will follow, one by one. For each test case, the first line will contain a single positive integer m, representing the number of possible tracks to build. The following m lines will contain information about one possible track each. Each of these lines will contain three pieces of information separated by spaces: two cities, each strings, and a positive integer representing the cost of building, in dollars, railroad tracks in between those two cities.  All city names will only contain uppercase alphabetic characters and underscores. You will be guaranteed that the data will describe a set of cities that are all connectable with the set of possible tracks given.

Output Format

For each test case, the first line of output will be of the following format:

The minimum cost of the railway system is X.

where X represents the minimum cost (in dollars) of connecting all of the cities in the input case.

The following lines will each contain information about one railroad track that should be built. The number of lines will always be one less than the total number of cities in the input case. The information on each line should follow the following format:

CITY1 CITY2 COST

where CITY1 comes before CITY2 alphabetically, and COST is the cost (in dollars) to build railroad tracks to connect CITY1 and CITY2. All three components are separated by a single space.

Furthermore, the output should be listed in alphabetical order by the first city listed. If the first city listed is the same, then the tie should be broken by the second city listed alphabetically. Thus, if there should be tracks built between ORLANDO and TAMPA, and ORLANDO and PALM_BAY, then ORLANDO and PALM_BAY should be listed before ORLANDO and TAMPA.

Also, separate the output for each case with a blank line.

Sample Input File

2

4

A B 10

D B 5

B C 6

A C 8

6

ORLANDO TAMPA 100

MIAMI JACKSONVILLE 300

TAMPA MIAMI 275

MIAMI ORLANDO 230

JACKSONVILLE TAMPA 190

ORLANDO JACKSONVILLE 120

Sample Output

The minimum cost of the railway system is 19.

A C 8

B C 6

B D 5

The minimum cost of the railway system is 450.

JACKSONVILLE ORLANDO 120

MIAMI ORLANDO 230

ORLANDO TAMPA 100
