New Laboratory 1 – Directed Graphs
Wikipedia
 defines a directed graph as:

A directed graph or digraph G is an ordered pair G: = (V,A) with

· V is a set, whose elements are called vertices or nodes, 

· A is a set of ordered pairs of vertices, called directed edges, arcs, or arrows. 

An arc e = (x,y) is considered to be directed from x to y; y is called the head and x is called the tail of the arc; y is said to be a direct successor of x, and x is said to be a direct predecessor of y. If a path leads from x to y, then y is said to be a successor of x, and x is said to be a predecessor of y. 

In this laboratory you will create classes that represent vertices, directed edges, and use those to implement a directed graph class.  Vertices and edges are required to store information represented as strings
.  The graph class must support depth-first search
:
Depth-first search (DFS) is an algorithm for traversing or searching a tree, tree structure, or graph. One starts at the root (selecting some node as the root in the graph case) and explores as far as possible along each branch before backtracking.

Formally, DFS is an uninformed search that progresses by expanding the first child node of the search tree that appears and thus going deeper and deeper until a goal node is found, or until it hits a node that has no children. Then the search backtracks, returning to the most recent node it hadn't finished exploring.

Your graph class is required to implement depth-first search using recursion.

As a demonstration of your implementation you will represent the interstate highway system in New York and Pennsylvania by storing the interstate highway number, e.g., I90 is the NYS Thruway, in a vertex.  Each highway that intersects with another in this set will be represented by a pair of edges, going to and from each of the pair of vertices representing the intersecting highways
.  The pair of edges that join them hold the name of the nearest town or city, e.g., the intersection of I81 and I90 will have edges that hold Syracuse.
You will provide a test program that uses depth-first search to list all of the highways and their intersections on a console view.

Implementation notes:
1. You may use C++, C#, or Java to implement this project.

2. You will find a graph prototype, written in C++, here: http://www.ecs.syr.edu/faculty/fawcett/handouts/CSE687/code/GraphHelp/.  That uses templates, which you are not required to use, and you are advised not to use templates unless you have a significant amount of experience with them.

a. If you choose to use this as a starting point, note that you will be required to understand every line of code in your implementation, including any you use from this prototype.

b. The prototype does not satisfy all of the requirements of this laboratory and you are expected to extend it to do so.
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� You may create the classes using templates so that they can hold arbitrary types, but are not required to do so.
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� Using pairs of edges in this manner is a common way of implementing an undirected graph from parts designed to implement directed graphs.





