 CS  5623/7623                  Evolutionary Computation                      Summer 2005 

Software Project

(Three parts)

Part I

You are to independently program from “scratch” a Simple Genetic Algorithm (SGA) designed specifically for the problem you have chosen (or was assigned to you) that implements at least two different selection techniques (roulette, tournament, rank), at least two different crossover operators for your problem, and at least two different mutation operators for your problem.  In addition in your SGA you must be able to initially specify (a) the crossover rate, (b) the mutation rate, and if elitism us used or not.

Considerations for Implementing

A Simple Genetic Algorithm (SGA)

A.       For your assigned problem you must first determine:

1.
The representation for the chromosome (bit string, permutation of integers, etc.)

2. The fitness function

3. The population size

4. If elitism is implemented or not.

B.       Decide how your GA will terminate

1. Certain amount of time

2. Certain number of generations

3. When the population has converged or variance of the fitness values for the chromosomes is within a specified amount, like all within 1% of each other.

4. Some combination of the above three options, or which ever comes first

C.     Ordinarily, you would need to decide if you are going to implement a Generational GA of a
          Steady-State GA.  (For this project you are to implement the Generational GA)
D.    Determine how you are going to generate the initial population (randomly or by some other

  means).  If by some other means, you must justify why you think this is a good idea.
E.   Implement at least two selection techniques  (Roulette, Rank, Tournament, etc)

F.   Crossover

1. Determine the crossover rate.

2. Implement at least two different crossover techniques and use in your SGA.

G.    Mutation

1. Determine the mutation rate.

2. Implement at least two different mutation operations and use in your SGA

Part II

You are to independently program from “scratch” a Simulated Annealing Algorithm (SA) designed specifically for the problem you have chosen (or was assigned to you) that implements at least two different perturbation operators.  The perturbation operators are most likely the same as the two crossover operators implemented for your SGA.

Part III

You are to independently program from scratch a “Foolish” Hill Climbing Algorithm designed specifically for the problem you have chosen (or was assigned to you).  This is very easy to do.  Use the Simulated Annealing Algorithm that you developed and remove the option of allowing for a worse solution.  That is, this version of the general Hill Climbing Algorithm does not allow worse answers (go back down the hill) under any circumstances. 

Possible Problems

The problems to chose from (or will be assigned to you) are listed below.  If you would like to work on another problem not on this list, let me know and we can discuss it. 

You are responsible for finding or generating your own set of test data.  There needs to be small, medium and multiple large problems sets to test your algorithms on.  Most, if not all of the problems listed below have example data sets from various web sites, for example: 
http://www.rpi.edu/~mitchj/sites_or.html
This is also a good source of other Combinatorial Problems that you might consider choosing.

0-1 KNAPSACK       Described in Carey and Johnson (C/J p. 247)
A set of n items is available to be packed into a knapsack with capacity C units. Each item i has value vi and takes up ci units of capacity. Identify a subset of items that should be packed into the knapsack to maximize the total value without exceeding the knapsack's capacity; that is:   

                                        maximize ( vi  while maintaining ( ci <= C

MAX-CLIQUE  (C/J  p. 164)
A clique of an undirected graph G is a complete subgraph of G; that is, each vertex in a clique shares an edge with each other vertex. Given an undirected graph G, find the size of the largest clique within it. 

SUM OF SUBSETS PROBLEM  (C/J  p. 233)

Consider a set of  n positive integers.  Determine whether or not there is a subset of integers whose sum is exactly equal to K, and if it exists indicate the numbers included in the subset.

The following data sets are too small, but may serve as a model to generate larger ones.

1.   K=767, n=20, items={61, 20,15,93,1,13,32,37,91,73,25,56,7,34,22,41,44,6,14,82}

2.   K=252, n=20, items={61, 20,15,93,1,13,32,37,91,73,25,56,7,34,22,41,44,6,14,82}

3.   K=100, n=5, items={33,66,5,7,2}

MAX CUT 

Given an undirected graph G = (V,E), partition the vertices of V into disjoint subsets V1 and V2 so as to maximize the number of edges from E that have one endpoint in V1 and the other in V2.

WEIGHTED MAX CUT

 G = (V,E) is a weighted undirected graph: a function PRIVATE "TYPE=PICT;ALT=$w:E \rightarrow N$"associates positive integer weights with the edges in E. Partition the vertices in V into disjoint subsets V1 and V2 so as to maximize the total weight of the edges from E that have one endpoint in V1 and the other in V2.   Note when all edge weights are one, then the Weighted Max Cut Problem becomes the Max Cut Problem.

BIN PACKING  (C/J  p. 226)
A Finite set of packages, P, is packed into a set of B bins.  Each bin has the same capacity, and each package has positive size ranging from 1 unit to half the size of each bin.  Determine the packing such that all of the packages are packed into the minimum number of bins.  You should use one of the following packing strategies: first fit, next fit, or best fit.  (These strategies will be discussed in class)

GRAPH BISECTION PROBLEM (GPB)  

also called MIN-CUT or MINIMUM BISECTION  (C/J  p. 209)
The graph bisection problem partitions the vertices of an undirected weighted graph into two equal sized sets of vertices such that the weight of the edges between the two sets is minimized.

SET COVERING

See handout for a description of this problem.  We will discuss this problem in detail in class.

PACKAGE PLACEMENT PROBLEM or OPTIMAL LINEAR ARRANGEMENT
See handout for a description of this problem.  We will discuss this problem in detail in class.

INDEPENDENT SET PROBLEM  (C/J  p. 194-5)

In a graph, G = (V,E) find the largest independent set, k (k <= |V|).  

An independent set is a subset V’  ( V

Such that |V’| = k and such that no two vertices in V’ are joined by an edge in E.

GEOMETRIC CONNECTED DOMINATING SET PROBLEM  (C/J  p. 219)

Given a set of points, P, in a plane and a constant, B.  Find the minimum K such that P’ ( P with |P’| = K and such that all points P – P’ are within Euclidean distance B of some point in P’, and such that the graph G = (P’,E), with an edge between two points in P’ if and only if they are within distance B of each other and connected. 

THE P-MEDIAN PROBLEM   (research paper by Correa, Steiner, Freitas, Carnieri)

Assume all vertices of a graph are potential medians, the P-median problem is defined as follows:

Let G = (V,E) an undirected graph, where V are the vertices, and E are the edges, and P is some constant less than |V|.  The goal is to find a set of vertices V’ ( V (median set) with |V’| = P such that the sum of the distances between each of the remaining vertex in V-V’ (demand set) and its nearest vertex in V’ is minimized.

Turn in the following to your instructor:

· A computer listing of all three programs, SGA, SA, “Foolish” Hill Climbing.

· A listing of your best runs (output) from each of your programs.  DO NOT include all generations! 

· A short report describing how you optimized the function using genetic algorithms, SA, etc. and what you learned (about one or two single-spaced page), and what problems you encountered while designing, implementing, and debugging your programs and how you solved those problems.

· Your report should also clearly describe your encoding scheme, fitness function, crossover operators tried, mutation operators tried, and parameters that led to successful runs (population size, crossover and mutation probabilities). 

· Build a directory in your account that contains all of the source code, data set used, Word document for your report, Power Point Slides, etc.  I will want you to copy the contents or your directory to my account.

· Your report must include a Table depicting your results in a clear an easy to read form.  For example, Model your table(s) of results after the example table for one data set for the TSP on the next page.
In your report be sure to include what conclusions you came to comparing your results from the SGA, SA, and “Foolish” Hill Climbing with respect to crossover/mutation/perturbation functions.

Due date for all three parts of this project is 

Monday 3:00 pm  August 1, 2005
Example Table of Results for  the TSP for 320 Cities

(Each program was run 10 times)
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