The Term Project: Heuristic Algorithms and Java                      Implementations for TSP
The following problem arises often in manufacturing and transportation testing applications. In some literatures, it is referred as traveling salesman problem (TSP).

Suppose you have a robot arm equipped with a tool, say a soldering iron. To enable the robot arm to do a soldering job, we must construct an ordering of the contact points, so the robot visits (and solders) the first contact point, then visits the second point, third, and so forth until the job is done.    

Since robots are expensive, we need to find the order which minimizes the time (i.e. travel distance) it takes to assemble the circuit board. 
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You are given the job to program the robot arm. 

Given n points in the 2D Euclidean plane, a tour is a cycle that passes through each point exactly once. A tour is a best tour if the travel distance (the length of the cycle) is a minimum. Since this problem is NP-hard, we should design a heuristic algorithm that can find a good tour (a tour with a small distance). Notice that a good tour is not necessary a best tour.
................ Part I........................

The 1st part of the project is to design and to implement (in Java) an efficient heuristic algorithm, called nearest-neighbor tour (see the idea described below), for finding a good tour. 
Algorithm-1: Nearest-neighbor Tour
A very simple solution can be described as follows: Starts at some point and walks to its nearest neighbor. Then, repeats the process (walking to its nearest neighbor that has not been visited) from that neighbor, and so on, until done. 
Hint for the pseudo-code of algorithm-1:

1. The input is a set of points P[0..n-1]. Each point is an ordered pair (x,y) of two real numbers x and y. The distance of two points (x,y) and (x’,y’) is 
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 . The output is a single cycle that contains every point exactly once. 

2. The pseudo-code should have two nested loops. Let the current point visited be p.  At each iteration of the inner loop, we searches all points that have not been visited yet and finds the points p’ such that the distance of p and p’ is a minimum. 

3. At each iteration of the outer loop, we creates a new edge from p to p’ and updates the current point (p ( p’ and mark p visited)  until all points are visited.  

4. Initially, set all points in array P unvisited, and then set p = P[0] and mark it visited  Finally, after getting out of the nested loop, create the last edge from p to P[0] (a complete cycle is formed).
...............Part II.......................
There are other heuristic algorithms that can find a better tour with the cost of longer running time. The 2nd part of the project is to design and to implement (in Java) another heuristic algorithm, called closest-pair tour (see the idea described below), for finding a good tour.
Algorithm-2: Closest-pair Tour
Another idea can be described as follows: Repeatedly connect the closest pair of points whose connection will not cause a cycle or a three-way branch to be formed, until we have a single cycle with all the points in it.

Hint for the pseudo-code of algorithm-2:

1. To find a tour, the algorithm adds one edge a time.  The edge is selected from the set of all edges. The criteria are 1) the distance is the smallest; 2) the edge has not been used yet; 3) adding the edge will not create a cycle or a 3-way branch.  
2. To check the criteria 2) and 3), we use additional two arrays of integers, G[0..n-1] and E[0..n-1].  G[i] indicates the group number of point P[i], and E[i] indicates whether P[i] is an end-point or not. G[i] = G[j] if and only if P[i] and P[j] are in the same sub-path, and P[i] is an end-point if and only if E[i] > 0. 
3. If G[j] = G[k] then either the edge (P[j], P[k]) has been used or adding the edge (P[j], P[k]) will form a cycle. If G[j] <> G[k] and (E[j] = 0 or E[k] = 0) then adding the edge (P[j], P[k]) will form a 3-way branch.
4. The algorithm has three-level nested loops. At each iteration of the outmost loop, we add a new edge from P[j] to P[k], update arrays G  and E: two groups G[j] and G[k] becomes one by changing the IDs of the members of the group with larger ID, and  E[j] ( E[j] – 1, E[k] ( E[k] - 1.  
5. The inner two nested loops check all edges (there are n(n-1)/2  edges) to find an edge that satisfies the criteria specified in 1.
6. Initially, we set G[i] = i and E[i] = 2. At the end after getting out of the nested loop (G[i] = 0 for all i), we create the last edge by connect the two endpoints in the final single group (a complete cycle is formed).
In this project, you should write a short report after you complete the two parts of the project. The report should include the pseudo-code, Java programs, and examples of output tours for each of the two algorithms. The deadline for the submission of your report is next Monday, 6/23, before 1:30 PM. The TAs will check your demo in the next exercise class.    
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