CMPE 250 – DATA STRUCTURES & ALGORITHMS

Project #3

Due: 5.6.2006 Monday at 17:00

SYMMETRIC EUCLIDEAN TRAVELING SALESMAN PROBLEM

In this project, you are going to implement a program that solves traveling salesman problem. 


“The traveling salesman problem (TSP) is a prominent illustration of a class of problems in computational complexity theory. The problem can be stated as: Given a number of cities and the costs of traveling from one to the other, what is the cheapest roundtrip route that visits each city and then returns to the starting city? 

The most direct answer would be to try all the combinations and see which one is cheapest, but given that the number of combinations is N!, this solution rapidly becomes impractical. 

How fast are the best known deterministic algorithms? 

The problem has been shown to be NP-hard, and the decision version of it ("given the costs and a number x, decide whether there is a roundtrip route cheaper than x") is NP-complete. 

The problem is of considerable practical importance, and various approximation algorithms, which "quickly" yield "good" solutions with "high" probability, have been devised. 

However, the only way to be completely confident of finding the optimal route is to check every route, which is completely impractical for TSPs with more than 25-30 cities.” [1]
For this project, you are going to implement an optimum solver and two heuristic solvers. 

1. Optimum Solver:

Write a command line program that takes as argument a number n and a filename containing a list of cities with 2D (x,y) coordinates and attempts to solve TSP on the first n cities in the file. When a solution is found, the shortest complete tour should be printed, together with the lengths of all the edges, and the total length of the tour. You should write output to a new file (e.g. opt_tsp10.txt) created by the program.

There are several approaches to the complete solution program. The naive approach is simply to try all the permutations of n cities keeping the first city fixed and count the total distance of a tour starting and ending in the first city. Then output the permutation whose total distance is minimal. More sophisticated approaches involve branch and bound and cutting-plane techniques.

You will use eil51.tsp for testing optimum solver. There are 51 locations listed. Start with n=6 and increase n by 2 each time (n=6, n=8, n=10, ..). Your solver possibly will not be able to solve for large n (n>14 or so depending on efficiency of application). Report the results and time passed executing the code in terms of seconds.

2. Greedy Heuristic (Nearest Neighbor Algorithm):

Write a command line program that takes as argument a number n and a filename containing a list of cities with 2D (x,y) coordinates and attempts to find an approximate solution to TSP on the first n cities in the file using nearest neighbor algorithm. When a solution is found, it will be printed, together with the lengths of all the edges, and the total length of the tour. You should write output to a new file (e.g. nna_tsp10.txt) created by the program.

You will use eil51.tsp, eil76.tsp and eil101.tasp for testing greedy solver. First solve for the n’s for eil51.tsp that you used in optimum solver. Then solve for n=51, 76, and 101 for eil51, eil76 and eil101 respectively. Report the results and time passed executing the code in terms of seconds.

The Algorithm: 

 “The nearest neighbour algorithm was one of the first algorithms used to determine a solution to the traveling salesman problem, and usually comes to within twenty percent of the optimal route. It is also a lot faster than testing every route and some other algorithms. 

These are the steps of the algorithm: 

1. Make two sets of nodes, set A and set B, and put all nodes into set B 

2. Put your starting node into set A 

3. Pick the node which is closest to the last node which was placed in set A and is not in set A; put this closest neighbouring node into set A 

4. Repeat step 3 until all nodes are in set A and B is empty. 

The nearest neighbour algorithm is easy to implement and can be done quickly, but it can sometimes miss shorter routes which are easily noticed with human hindsight. The results of the nearest neighbour algorithm should be checked before use, just in case such a shorter route has been missed. 

In the worst case, the algorithm can compute tours that are by an arbitrary factor larger than the optimal tour. To be precise, for every constant r there is an instance of the traveling salesman problem such that the length of the tour computed by the nearest neighbour algorithm is greater than or equal to r times the length of the optimal tour.”

3. 2-OPT Improvement Heuristic

Write a command line program that takes as argument a number n and a filename containing a list of cities with 2D (x,y) coordinates and attempts to find an approximate solution to TSP on the first n cities in the file using 2-opt heuristic. When the solution is found, it will be printed, together with the lengths of all the edges, and the total length of the tour. You should write output to a new file (e.g. twoopt_tsp10.txt) created by the program.

You will use eil51.tsp, eil76.tsp and eil101.tasp for testing 2-opt solver. First solve for the n’s for eil51.tsp that you used in optimum solver. Then solve for n=51, 76, and 101 for eil51, eil76 and eil101 respectively. Report the results and time passed executing the code in terms of seconds.
However, since the algorithm starts with a random tour, it produces different tours each time it is executed. So reporting the result of single execution can be misleading. Instead run the algorithm 10 times and report the average results with corresponding standard deviations for both goodness values and running times. 
The Algorithm:
The algorithm starts with a random tour. It is a local search improvement heuristic which, when given an initial TSP tour, H, it deletes 2 non-consecutive edges from H and reconnects the nodes so it is still a tour.  If the new tour, H', has a lower tour weight, then H' replaces H.  This process is continued until no further improvement is possible.

[image: image1]
Implementation Details:

· Project may be done in groups of two.

· Details of these algorithms will be given in the problem session. 
· You must submit two documents. First document will be a design document and it will describe the program that you coded (explanation of objects (classes, methods, variables etc.) and their interaction). Second document will be the report for results obtained. Your report should include tables that represent results of three methods for different n values and time spent during execution. You must also report the goodness of values found using heuristic approaches in terms of optimal values as percentage of (heuristic value – optimal value) / optimal value. Also comment on the results. Which heuristic performs better both in terms of running time and goodness of value?

· Use object oriented concepts as much as possible. 

· Every tour must begin from the city and end in the first city.
· The test files (eil51.tsp, eil76.tsp and eil101.tsp) can be downloaded from http://elib.zib.de/pub/Packages/mp-testdata/tsp/tsplib/tsp/index.html . Optimum solutions can also be found in the same address
· Source code should be cleverly commented (Do not abuse!).
· You are required to submit source code and the documents only in electronic form (by e-mail). You should compress your .java files and the documents in a zip file and name it [pr]_[#]_ [Student ID] (e.g. pr_3_2000700803.zip) and email to 

cmpe250-submit AT prc.boun.edu.tr  (replace AT with @ and omit the white spaces) with subject CMPE250_[pr]_[#]_[Student ID]_[Your Name] (e.g. CMPE250_pr_3_2000700803_Mert Caliskan). 

You should also include a readme.txt file describing how to compile and run the three programs.
·  Late giving policy may be too strict, so try to finish on time. 
· You may use course mailing list for discussion.
· Do not cheat! (This includes submitting source codes found in Internet, too)

REFERENCES:

1. http://en.wikipedia.org/wiki/Travelling_salesman_problem
2. http://elib.zib.de/pub/Packages/mp-testdata/tsp/tsplib/tsp/index.html
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