Algorithms/Finding the Shortest Path/ Dijkstra’s Algorithm
This lab will explore an algorithm to find the shortest path between two or more locations.  When you have completed this lab you will be able to answer the following questions in the Observations and Conclusions section of your final lab report:

· What is an algorithm?

· What is a graph (in Computer Science context)? 
· What does Dijkstra’s Algorithm do?
· Are there some computational tasks that are beyond even a super computer’s capability?
The shortest path problem is the problem of finding the ‘best’ route between two points. An example is finding the fastest way to get from one city to another on a road map; in this case, the points represent locations and the edges connecting them represent segments of road and are labeled by the distance of that road segment. The popular online program, MapQuest uses such an algorithm to find the best routes.

1) Explore a shortest path applet that implements Dijkstra’s Algorithm at::
http://www.dgp.toronto.edu/people/JamesStewart/270/9798s/Laffra/DijkstraApplet.html
Choose the button labeled “Example’ on the right hand side.

a) Write down 4 possible routes from (a) to (f). For example: (a, b, c, f). 

b) For each path, write down the length of the route 

c) Without running the algorithm, see whether you can determine the shortest path from the starting node (a) to the node (i).

d) Step through the algorithm, reading the explanation in the text box; Press ‘step’ four times; write down the colors of the nodes and why they are those colors.

e) Run the algorithm and write down the shortest path found (list the nodes)
f) What is the length of this shortest path?
2) Suppose that want to drive from CSI to the Bronx Zoo. There are several possible routes you can take. Which route is the shortest?
Draw a directed weighted graph to show the routes you could take from CSI to the Bronx Zoo.  Use the accompanying map.
Enter your graph into the interactive applet.
Draw an adjacency matrix for your graph.

Answer the following questions:.
a) How many nodes are there?
b) How many paths are there?
c) What is the shortest route (list the nodes)

d) What is the distance of the shortest route?
3) A related problem is called The Traveling Salesman problem
The traveling salesman problem is the problem of finding the shortest path that goes through every location exactly once, and returns to the start. Unlike the shortest path problem, this problem is NP-complete and, that is it is believed not to be efficiently solvable.
The Traveling Salesman Problem

Given a collection of cities and the cost of travel between each pair of them, the traveling salesman problem, or TSP for short, is to find the cheapest way of visiting all of the cities only once and returning to your starting point.  In the standard version we study, the travel costs are symmetric in the sense that traveling from city X to city Y costs just as much as traveling from Y to X.

It is easy to calculate the number of different tours through n cities: given a starting city, we have n-1 choices for the second city, n-2 choices for the third city, etc. Multiplying these together we get (n-1)!  = n-1 x n-2 x n-3 x. . . x 3 x 2 x 1. Now since our travel costs do not depend on the direction we take around the tour, we should divide this number by 2 to get (n-1)!/2.

Algorithm: http://www.60feet6.com/research/usa_tsp.html
Starting from Staten Island find the cheapest way to visit the following cities:
Albany, NY

Cambridge. Mass

Durham, NC

Philadelphia, Pa
