
Supercomputing Challenge Kickoff, 2008

Computational Solution Techniques for 
Mathematical Programming Problems

A Brief Survey of Problems and Exact and Heuristic Solution Methods

Nick Bennett



Computational Solution Techniques In Mathematical Programming Page 2

Basic Definitions

• Optimization, or mathematical programming, is the study and practice of 
seeking, in a systematic way, the maximum or minimum values of a 
function (the objective function), and the values of the decision variables 
(the inputs to a given function) where the maximum or minimum objecting 
function values are found. Complicating this in practice is the fact that 
decision variables are often subject to constraints – and the nature of the 
objective function may make it difficult to deal with analytically.

• An algorithm is a step-by-step problem solving procedure. Algorithms can 
range from very simple (e.g. cooking recipes, driving directions between 
two locations on a map, the Sieve of Eratosthenes for enumerating prime 
numbers) to moderately complicated (e.g. Runge-Kutta methods of 
numerical integration) to very complicated (e.g. algorithms to maximize 
potential profits from oil-drilling activities).
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Basic Definitions (cont.)

• For our purposes, an exact algorithm is one which is mathematically 
guaranteed (under some stated conditions) to arrive at the solution to a 
particular type of problem. For some problems, the known exact 
algorithms are computationally very efficient; for others, all known exact 
algorithms are computationally expensive – prohibitively so, in some 
cases.

• A heuristic algorithm is one which ignores the question of whether a 
solution found by the algorithm can be mathematically proven correct. 
Instead, a heuristic generally incorporates certain rules of thumb, or 
experience-based rules – which may or may not lead to a solution to a 
particular problem. In most cases, heuristics require fewer mathematical 
and logical operations than exact algorithms – though there is no 
guarantee that the heuristic will arrive at the same solution.
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Simple Mathematical Optimization

When there are no constraints on the decision variables, and the objective function is 
continuously differentiable (i.e. a finite slope exists at every point where the objective 
function is defined), we can see that if an optimum exists, it must be at a point where 
the slope is zero – i.e. where no change would lead to an improvement in the objective 
function. This is true even for multivariate objective functions.

Further, if we have simple constraints on a small number of decision variables (e.g. one 
is constrained to be within a range, independent of the others), then this approach is 
still useful.

If we find all the points where the slope of the objective function is zero, then we have 
found the set of unconstrained candidate points. We exclude from this set those that 
violate the constraints, and add to it the limit points of the constraints. We now examine 
this set to see which are true extremum, and which of those is the maximum or 
minimum (depending on what we want).
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Linear Programming via the Simplex Method

When the objective function is linear, all constraints are linear, and the decision 
variables are continuous, we have a linear programming problem (LP). In 1947, 
George Dantzig invented the simplex algorithm to solve linear programming problems. 
In very general terms, this algorithm is as follows:

• Set up the problem as a system of linear equations with more variables than 
equations (i.e. there may be an infinite number of solutions to this system).

• By a series of pivoting operations, move from one feasible solution to another, where 
each solution corresponds to an improvement in the original objective function.

• When the objective function cannot be improved further, we have found the 
optimum.

This process can be viewed as movement from vertex to vertex of an n-dimensional 
polytope, with each move improving the objective function.
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Specialized Linear Programming Variations

Some optimization problems have characteristics that may make them less suited to the 
simplex method, and/or more suited to others. Examples include:

• The transportation problem: Given n sources, each with a supply s
n
 of some 

commodity; m destinations, each with a demand d
m
 for that commodity; a cost c

ij
 for 

transporting one unit of the commodity from source i to destination j; find the 
transportation scheme that satisfies the demand at minimum cost. Solution techniques 
for this problem exploit the network nature of the problem to solve it more efficiently.

• The assignment problem: Given n resources, and m tasks (where m ≥ n), where there 
is a cost c

ij
 associated with assigning resource i to task j, and where each resource 

must be assigned to exactly one task, and each task may be assigned a maximum of 
one resource, find the set of assignments that minimizes the total cost. This can be 
seen as a special case of the transportation problem. However, the additional 
restrictions lead to more specialized and effective solution techniques; the most well-
known of these is called the Hungarian method.
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Linear Point Solution Techniques

While the simplex method and its variants are usually very good, and are still widely 
used, there are close-to-worst-case scenarios, with very complicated problems, where 
the number of steps required to setup and solve the problem increases as an 
exponential function of the number of variables and constraints. Because of this – and 
because these very large, very complicated problems are becoming more common – 
different solution techniques have been developed. The first truly viable alternative to 
the simplex method for these problems was Karmarkar's algorithm, invented in 1984.

In contrast to the simplex method, which can be viewed as a process of moving from 
vertex to vertex of a polytope, Karmarkar's algorithm can be viewed as moving through 
the interior of the polytope, in a relatively small number of steps. For this reason, we 
refer to this and similar methods as interior point methods.

In general, the computational cost of putting LPs into a form that can be solved via 
interior point methods is very high, but the number of iterations required for solution is 
low. This trade-off makes these techniques well suited to certain types of very large 
problems, but poorly suited to others.
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Difficult Problems & Heuristic Algorithms

There are many problems for which an exact solution technique is simply too computationally 
expensive. For these problems, we often resort to heuristic algorithms which give “good 
enough” solutions, at a much lower computational cost.

One example of this is the traveling salesman problem (TSP): Given n cities, with a distance d
ij
 

between cities i and j, find the route through all the cities that minimizes the total distance, and 
returns to the starting point. This is recognized as a difficult problem, and exact solution 
techniques are very expensive: once the number of cities moves into the thousands (not that 
uncommon, when we start seeing such parallels as those between points on a circuit board and 
cities on a map), the processing time required for exact solution rises into years of CPU time.

One of the best heuristics for the TSP is the Lin-Kernighan algorithm, introduced in 1973. This 
algorithm works by adaptively swapping pairs of sub-tours to formulate an improved tour at 
each step.

Another interesting heuristic that has been applied to TSP and similarly difficult problems in the 
last 15 years is ant colony optimization (ACO), which uses many agents (the ants) to traverse a 
solution space, with pheremone-type signals employed to communicate experience between 
agents.
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Difficult Problems & Heuristic Algorithms (cont.)

Another surprisingly challenging problem to which a variety of heuristic methods have been 
applied is the knapsack problem: Given a set of items, each with a weight and value, find 
the maximum-value combination of items that together does not exceed a stated weight limit.

The knapsack problem, like the traveling salesman problem, is a combinatorial optimization 
problem, where the solution space is a set of discrete combinations of the inputs – usually 
growing exponentially larger as the number of inputs increases. For some combinatorial 
optimization problems (e.g. finding the minimum spanning tree of a network), there are very 
efficient exact methods for solving even very large problems; for others, like the knapsack 
problem, a heuristic algorithm is often the best choice.

The binary decision variable nature of the 0-1 knapsack problem (x
i
 = 1 if the ith item is 

selected, and 0 otherwise) makes it a frequently used illustration of the genetic algorithm 
heuristic technique – even in cases where other heuristics might give a better and/or more 
efficient solution.

(Of the generally difficult type of problem known as NP-complete, the knapsack problem is 
actually considered one of the easier problems to solve. Efficient methods exist which give 
acceptable solutions even for very large knapsack problems.)
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Simulated Annealing

Simulated annealing (SA) is a heuristic algorithm inspired by the process of annealing 
in metallurgy. In that context, annealing consists of systematically heating and cooling 
some material, to increase the size of its crystals – removing impurities or defects, and 
increasing its strength. Over time, the material is cooled more, with smaller and smaller 
jumps upward in temperature at each step. With each increase in temperature, some of 
the atoms of the material may move slightly from their current position; with the 
successive cooling phase allowing the atoms to settle in a more stable configuration.

SA emulates this strategy by starting at some feasible (but presumably non-optimal) 
solution point, and moving to a nearby point at each step. This next point is chosen 
probabilistically, with the likelihood depending on the difference in the objective 
function values at the two points, and on a global “temperature”. Initially, the 
temperature is high, and movement to a new solution point very random, so that the 
objective function may often worsen. But as the algorithm proceeds, and the 
temperature is lowered, the selection of the next solution point becomes more and more 
biased toward those points that improve the objective function.
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Genetic Algorithms

A genetic algorithm (GA) is a heuristic that emulates some of the mechanisms of organic 
evolution, in an attempt to arrive at a good solution to a problem. A GA starts with a large 
number of randomly-generated solutions to a problem; each solution is the “genome” of an 
individual member of the population. In each generation, we follow these steps:

• Each member of the population is evaluated to assess its “fitness”.

• A subset of the population is chosen to survive to the next generation. This selection is 
partly random, but not arbitrary: those individuals with better fitness are more likely to be 
selected.

• To replace those individuals that will not survive, a subset of the population is chosen to 
reproduce. Again, this is a random selection, with the most fit being the most likely to be 
selected.

• The next generation is produced by combining the genomes from pairs of the individuals 
selected for reproduction. Each pair exchanges some part of the genome to produce a 
new pair.

• Optionally, an offspring's genomes may be mutated slightly in a random fashion.
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Sample Knapsack Problem

• You have ten items, each with a weight as shown on the right.

• You have a knapsack which has a weight limit of 200 pounds; 
your job is to fill the knapsack with items.

• Working in groups, answer the following questions:

◦ Which combination of items gives a total weight closest to 200 
pounds, without going over?

◦ What is the total weight of these items?

◦ How much capacity was wasted?

◦ How many possible combinations are there, regardless of total 
weight? (Remember: one possible combination would include none 
of the items at all.)

◦ How much more difficult do you think the problem would be, if 
there were 20 items, instead of 10? What about 100 items?

◦ What if each item had a value, and you wanted to maximize the 
total value, while staying within the weight limit?

1410

319

328

177

406

335

184

373

262

271

WeightItem
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Genetic Algorithm for the Knapsack Problem

• We can represent each combination as a string of 0s and 1s, where a 1 means the 
corresponding item is included in the knapsack. Using the sample problem, 1010100110 
would mean that items 1, 3, 5, 8, and 9 are to be included in the knapsack, for a total 
weight of (27 + 37 + 33 + 32 + 31) = 160 pounds.

• This string of 0s and 1s is the genome of the individual. To begin, we generate a 
population with random genomes.

• At each iteration, we compute the weight corresponding to the genome of each individual 
of the population. Those with the highest weights, which don’t exceed 200, will have the 
highest chance of surviving and reproducing.

• Those selected for reproduction are paired up randomly, and they exchange some 
portion of their genome to create two new offspring.

• The process is repeated over several generations, with the general aim being to improve 
the average fitness with each generation.

• Eventually, we hope to arrive at an exact solution, or at least at a solution we consider 
good enough.
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Java Implementation of GA & Knapsack Example

The ”GA & Sample Knapsack.zip“ archive includes a number of generic classes (in the 
org.supercomputingchallenge.ga.generic package) for solving problems via GA, 
as well as two classes (in the org.supercomputingchallenge.ga.knapsack package) 
which extend and use the generic classes to solve a specific knapsack problem. The 
knapsack-specific classes are these:

• Solution – Extends the generic Individual class with a BitSet to represent the items 
included in an individual solution; an array of weights and values to compute the fitness 
of the individual solution (see the getFitness method); a simple crossover and mutation 
scheme to generate offspring from parents (see the getOffspring method).

• SampleKnapsack – Serves as the program entry point, with the main method 
instantiating a population of Solution instances, along with a RouletteWheel 
instance and a Controller instance, to put evolutionary pressure on the population 
through multiple generations.

The files in the archive are packaged with a DrJava project file, “Knapsack.xml”, but they 
can be used in any Java development environment, or compiled from the command line.





Knapsack.xml
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org/supercomputingchallenge/ga/generic/Controller.java/*
 * Controller.java contains the Controller class, which manages a population
 * of Individual instances, selecting for fitness, in survival and reproduction,
 * over several generations.
 */

package org.supercomputingchallenge.ga.generic;

import java.util.Collection;
import java.util.Iterator;
import java.util.LinkedList;
import java.util.Random;

/**
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public class Controller {
    
    public static final double DEFAULT_MINIMUM_REPLACEMENT = 0.1d;
    
    private Collection<Individual> population;
    private Selector selector;
    private LinkedList<ProgressListener> listeners;
    private boolean survivalElitist;
    private boolean breedingElitist;
    private boolean multipleOffspringAllowed;
    private boolean offspringOfNonSurvivorsAllowed;
    private double minimumReplacement;
    private int generation;
    private Random rng;

    public Controller() {
        survivalElitist = true;
        breedingElitist = true;
        multipleOffspringAllowed = true;
        offspringOfNonSurvivorsAllowed = true;
        minimumReplacement = DEFAULT_MINIMUM_REPLACEMENT;
        rng = new Random();
        listeners = new LinkedList<ProgressListener>();
        generation = 0;
    }
    
    public Collection<Individual> getPopulation() {
        return population;
    }

    public void setPopulation(Collection<Individual> population) {
        Selector sel = getSelector();
        this.population = population;
        if (sel != null) {
            sel.setPopulation(population);
        }
    }

    public Selector getSelector() {
        return selector;
    }

    public void setSelector(Selector selector) {
        Collection<Individual> pop = getPopulation();
        this.selector = selector;
        if (pop != null) {
            selector.setPopulation(pop);
        }
    }

    public boolean isSurvivalElitist() {
        return survivalElitist;
    }

    public void setSurvivalElitist(boolean survivalElitist) {
        this.survivalElitist = survivalElitist;
    }

    public boolean isBreedingElitist() {
        return breedingElitist;
    }

    public void setBreedingElitist(boolean breedingElitist) {
        this.breedingElitist = breedingElitist;
    }

    public boolean areMultipleOffspringAllowed() {
        return multipleOffspringAllowed;
    }

    public void setMultipleOffspringAllowed(boolean multipleOffspringAllowed) {
        this.multipleOffspringAllowed = multipleOffspringAllowed;
    }

    public boolean areOffspringOfNonSurvivorsAllowed() {
        return offspringOfNonSurvivorsAllowed;
    }

    public void setOffspringOfNonSurvivorsAllowed(boolean offspringFromNonSurvivorsAllowed) {
        this.offspringOfNonSurvivorsAllowed = offspringFromNonSurvivorsAllowed;
    }
    
    public double getMinimumReplacement() {
        return minimumReplacement;
    }

    public void setMinimumReplacement(double minimumReplacement) {
        this.minimumReplacement = minimumReplacement;
    }

    public Random getRng() {
        return rng;
    }
    
    public void setRng(Random rng) {
        this.rng = rng;
    }
    
    public void addProgressListener(ProgressListener listener) {
        listeners.add(listener);
    }
    
    public void removeProgressListener(ProgressListener listener) {
        listeners.remove(listener);
    }

    protected LinkedList<ProgressListener> getProgressListeners() {
        return listeners;
    }

    public int getGeneration() {
        return generation;
    }
    
    public void run(int numberGenerations) 
            throws ControllerException, FitnessException {
        for (int i = 0; i < numberGenerations; i++) {
            step();
        }
    }
    
    public void step() 
            throws ControllerException, FitnessException {
        Collection<Individual> pop = getPopulation();
        Selector sel = getSelector();
        if ((pop != null) && (sel != null)) {
            Collection<Individual> survivors = null;
            LinkedList<Individual> offspring = new LinkedList<Individual>();
            Individual fittest = null;
            int populationCount = pop.size();
            int offspringNeeded;
            int survivalTarget = (int) Math.round(
                    (1 - this.getMinimumReplacement()) * pop.size());
            if (sel.getPopulation() != pop) {
                sel.setPopulation(population);
            }
            sel.refresh();
            fittest = sel.getFittest();
            if (sel.getFitCount() > survivalTarget) {
                survivors = sel.select(survivalTarget);
                if (isSurvivalElitist() && !survivors.contains(fittest)) {
                    survivors.add(fittest);
                }
            }
            else {
                survivors = sel.selectAllFit();
            }
            offspringNeeded = populationCount - survivors.size();
            if (!areOffspringOfNonSurvivorsAllowed()) {
                pop.retainAll(survivors);
                sel.refresh();
            }
            if (areMultipleOffspringAllowed()) {
                Collection<Individual> parents = null;
                boolean fittestHasBred = false;
                int limit = isBreedingElitist() ? 
                    offspringNeeded - 1 : offspringNeeded;
                for (int i = 0; i < limit; i++) {
                    parents = sel.select(2);
                    if (parents.contains(fittest)) {
                        fittestHasBred = true;
                    }
                    addOffspringFromParents(offspring, parents);
                }
                if (isBreedingElitist()) {
                    if (fittestHasBred) {
                        parents = sel.select(2);
                        addOffspringFromParents(offspring, parents);
                    }
                    else {
                        do {
                            parents = sel.select(1);
                        } while (parents.contains(fittest));
                        parents.add(fittest);
                        addOffspringFromParents(offspring, parents);
                    }
                }
            }
            else {
                int parentsNeeded = offspringNeeded * 2;
                Collection<Individual> parents = sel.select(parentsNeeded);
                if (isBreedingElitist() && !parents.contains(fittest)) {
                    Individual[] parentsArray = 
                            parents.toArray(new Individual[0]);
                    int parentToReplace = getRng().nextInt(parentsNeeded);
                    parentsArray[parentToReplace] = fittest;
                }
                Iterator<Individual> iter = parents.iterator();
                for (int i = 0; i < offspringNeeded; i++) {
                    LinkedList<Individual> breedingPair 
                            = new LinkedList<Individual>();
                    breedingPair.add(iter.next());
                    breedingPair.add(iter.next());
                    addOffspringFromParents(offspring, breedingPair);
                }
            }
            if (areOffspringOfNonSurvivorsAllowed()) {
                pop.retainAll(survivors);
            }
            pop.addAll(offspring);
            generation++;
            for (ProgressListener listener : getProgressListeners()) {
                listener.update(this);
            }
        }
        else {
            throw new ControllerException();
        }
    }

    private void addOffspringFromParents(Collection<Individual> offspring, 
            Collection<Individual> parents) {
        Individual[] parentsArray = parents.toArray(new Individual[0]);
        Individual parent0 = parentsArray[0];
        Individual parent1 = parentsArray[1];
        Individual child = parent0.getOffspring(parent1);
        offspring.add(child);
    }
}
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org/supercomputingchallenge/ga/generic/ControllerException.java/*
 * ControllerException.java contains the ControllerException class, which is a
 * simple subclass of Exception.
 */

package org.supercomputingchallenge.ga.generic;

/**
 * <code>ControllerException</code> extends the standard {@link 
 * java.lang.Exception Exception} class, to provide a mechanism for indicating 
 * that a control error occurred while attempting to execute an iteration of a
 * genetic algorithm. This can happen if the {@link Controller#run(int) 
 * Controller.run(int)} or the {@link Controller#step() Controller.step()} 
 * method is called without first providing the {@link Controller Controller} 
 * instance with a {@link java.util.Collection Collection<Individual>} 
 * population to work on, and a {@link Selector Selector} instance for selecting
 * members of the population based on their fitness.
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public class ControllerException extends Exception {}
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org/supercomputingchallenge/ga/generic/FitnessException.java/*
 * FitnessException.java contains the FitnessException class, which is a
 * simple subclass of Exception.
 */

package org.supercomputingchallenge.ga.generic;

/**
 * <code>FitnessException</code> extends the standard {@link java.lang.Exception 
 * Exception} class, to provide a mechanism for indicating that a fitness error 
 * occurred while attempting selection from a population. This could happen if 
 * a population has no fit members (or more generally when there are not enough
 * fit members to select a subset of a specified size), or when the fitness of
 * a member has become negative since the last time that the {@link Selector 
 * Selector} instance refreshed its internal selection mechanisms.
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public class FitnessException extends Exception {}
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org/supercomputingchallenge/ga/generic/Individual.java/*
 * Individual.java contains the interface Individual, to be implemented by 
 * classes whose instances are to be members of a population used for 
 * optimization via a genetic algorithm.
 */

package org.supercomputingchallenge.ga.generic;

/**
 * <code>Individual</code> is an interface that will be implemented by classes 
 * whose instances are to be members of a population participating in a genetic 
 * algorithm optimization. The key operations of this interface are returning 
 * the fitness value of an individual, and producing a new individual from two 
 * parents.
 * 
 * @version 1.0 
 * @author Nicholas Bennett
 */
public interface Individual {

    /**
     * Return the fitness value of an <code>Individual</code> member of a 
     * population. In general, a higher fitness level corresponds to an 
     * increased chance of survival and reproduction. A fitness value of zero 
     * (or less) will result in an individual not being considered for survival
     * or reproduction.
     * 
     * @return              <code>double</code> fitness value of this 
     *                      <code>Individual</code>.
     */
    double getFitness();
    
    /**
     * Return a new <code>Individual</code> as the offspring of this 
     * <code>Individual</code> and another. An implementing class should 
     * include interchange and/or mutation of portions of the genome, as 
     * appropriate.
     * 
     * @param otherParent   <code>Individual</code> parent (with this 
     *                      <code>Individual</code>) of 
     * 
     * @return              <code>Individual</code> offspring of this 
     *                      <code>Individual</code> and the specified 
     *                      <code>Individual</code>.
     */
    Individual getOffspring(Individual otherParent);

    /**
     * Return a string representation of this individual. In general, this 
     * should include  a textual representation of the individual's genome.
     * 
     * @return
     */
    @Override
    String toString();
}
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org/supercomputingchallenge/ga/generic/ProgressListener.java/*
 * ProgressListener.java contains the ProgressListener interface, which 
 * classes can implement to provide progress reporting capabilities to the GA.
 */

package org.supercomputingchallenge.ga.generic;

/**
 * The function of the <code>ProgressListener</code> interface is to act as a 
 * progress report mechanism for the Controller class. If the Controller has a
 * <code>ProgressListener</code> associated, that listener's {@link 
 * #update(org.supercomputingchallenge.ga.generic.Controller) 
 * update(Controller)} method will be called after each <i>n</i> generations. 
 * Listeners might save snapshot information to a database or file, display 
 * statistics, etc.
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public interface ProgressListener {

    /**
     * Update any GA status display, output, or data store - presumably based on
     * the current state of the {@link Controller Controller} calling this 
     * method.
     * 
     * @param controller        {@link Controller Controller} instance invoking
     *                          the method.
     */
    void update(Controller controller);
            
}
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org/supercomputingchallenge/ga/generic/RouletteWheel.java/*
 * RouletteWheel.java contains the RouletteWheel class, a subclass of Selector 
 * that uses fitness proportionate selection (aka roulette wheel selection). It
 * also includes the public RouletteWheel.SlotWidthStrategy enumeration, which
 * is used to specify the precise algorithm by which the fitness values of the 
 * population's members will be transformed into roulette wheel slots.
 */

package org.supercomputingchallenge.ga.generic;

import java.util.Arrays;
import java.util.Collection;
import java.util.Comparator;
import java.util.HashSet;
import java.util.Iterator;
import java.util.LinkedList;
import java.util.Random;

/**
 * <code>RouletteWheel</code> is a subclass of {@link Selector Selector} that 
 * uses fitness proportionate selection (aka roulette wheel selection) to select 
 * members of a population. Though the selection is random, the probability of 
 * any member of the population being selected (in any single selection) is 
 * proportionate to that member's fitness.
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public class RouletteWheel extends Selector {

    private Random rng;
    private Collection<Individual> population;
    private Individual fittest;
    private LinkedList<Individual> rouletteWheel;
    private double totalSlotWidth;
    private SlotWidthStrategy slotWidthStrategy;
    private double minimumSlotWidth;
    private double maximumSlotWidth;
    private double minimumFeasibleFitness;
    private double averageFeasibleFitness;
    private double minimumFitness;
    private double maximumFitness;
    private double averageFitness;
    private boolean refreshNeeded;
    
    /**
     * Create a new <code>RouletteWheel</code> instance. By default the {@link 
     * SlotWidthStrategy#RAW_FITNESS SlotWidthStrategy.RAW_FITNESS} strategy
     * will be used to transform fitness values to roulette wheel slot widths - 
     * i.e. the likelihood that any member will be selected in a single 
     * selection will be proportionate to that member's fitness, if the fitness
     * is positive; otherwise, it will be zero (0). Minimally, the {@link 
     * #setPopulation(java.util.Collection) 
     * setPopulation(Collection<Individual>)} method must be called before this
     * <code>RouletteWheel</code> can be used to select from a population. 
     */
    public RouletteWheel() {
        rng = new Random();
        fittest = null;
        slotWidthStrategy = SlotWidthStrategy.RAW_FITNESS;
        minimumSlotWidth = 0;
        maximumSlotWidth = 1;
        minimumFeasibleFitness = 0;
        minimumFitness = 0;
        maximumFitness = 0;
        averageFeasibleFitness = 0;
        averageFitness = 0;
        refreshNeeded = true;
    }

    @Override
    public void refresh() {
        LinkedList<Individual> wheel = new LinkedList<Individual>();
        Individual[] wheelArray = new Individual[getPopulation().size()];
        Individual fittestCandidate = getFittest();
        double totalFeasibleFitness = 0;
        double totalInfeasibleFitness = 0;
        double minSlotWidth = getMinimumSlotWidth();
        double minFeasibleFitness = Double.MAX_VALUE;
        double minFitness = minFeasibleFitness;
        double maxFitness = (fittestCandidate == null) ? 
                0 : fittestCandidate.getFitness();
        double avgFitness = 0;
        double avgFeasibleFitness = 0;
        double totSlotWidth = 0;
        int countFeasible = 0;
        int countInfeasible = 0;
        SlotWidthStrategy strategy = getSlotWidthStrategy();
        for (Individual individual : getPopulation()) {
            double fitness = individual.getFitness();
            if (fitness > 0) {
                wheelArray[countFeasible] = individual;
                //wheel.add(individual);
                countFeasible++;
                totalFeasibleFitness += fitness;
                if (fitness > maxFitness) {
                    fittestCandidate = individual;
                    maxFitness = fitness;
                }
                else if (fitness < minFeasibleFitness) {
                    minFeasibleFitness = fitness;
                    if (fitness < minFitness) {
                        minFitness = fitness;
                    }
                }
            }
            else {
                countInfeasible++;
                totalInfeasibleFitness += fitness;
                if (fitness < minFitness) {
                    minFitness = fitness;
                }
            }
        }
        avgFeasibleFitness = totalFeasibleFitness / countFeasible;
        avgFitness = (totalFeasibleFitness + totalInfeasibleFitness) 
                / (countFeasible + countInfeasible);
        switch (strategy) {
            case RAW_FITNESS:
                totSlotWidth = totalFeasibleFitness;
            case OFFSET_FROM_MINIMUM_FITNESS:
                totSlotWidth = totalFeasibleFitness 
                        + (minSlotWidth - minFeasibleFitness) * countFeasible;
                break;
            case SCALED_FITNESS:
                totSlotWidth = countFeasible * minSlotWidth 
                        + (getMaximumSlotWidth() - minSlotWidth) 
                        * (totalFeasibleFitness 
                            - countFeasible * minFeasibleFitness)
                        / (maxFitness - minFeasibleFitness);
                break;
            default:                
        }
        Arrays.sort(wheelArray, 0, countFeasible, new Comparator<Individual>() {
            public int compare(Individual o1, Individual o2) {
                return Double.compare(o2.getFitness(), o1.getFitness());
            }
        });
        for (int i = 0; i < countFeasible; i++) {
            wheel.add(wheelArray[i]);
        }
        setRouletteWheel(wheel);
        setTotalSlotWidth(totSlotWidth);
        setFittest(fittestCandidate);
        setMinimumFeasibleFitness(minFeasibleFitness);
        setMinimumFitness(minFitness);
        setMaximumFitness(maxFitness);
        setAverageFeasibleFitness(avgFeasibleFitness);
        setAverageFitness(avgFitness);
        setRefreshNeeded(false);
    }

    @Override
    public Individual getFittest() {
        return fittest;
    }
    
    @Override
    protected void setFittest(Individual fittest) {
        this.fittest = fittest;
    }

    @Override
    public Individual select(boolean removeAfterSelection) throws FitnessException {
        Individual result = null;
        LinkedList<Individual> wheel = getRouletteWheel();
        if ((wheel != null) && !wheel.isEmpty()) {
            double selector = 0;
            Iterator<Individual> iterator;
            if (isRefreshNeeded()) {
                refresh();
            }
            selector = getRng().nextDouble() * getTotalSlotWidth();
            iterator = wheel.iterator();
            while (iterator.hasNext()) {
                Individual individual = iterator.next();
                double fitness = individual.getFitness();
                if (fitness > 0) {
                    double scaledFitness = fitness;
                    double minSlotWidth = getMinimumSlotWidth();
                    double minFeasibleFitness = getMinimumFeasibleFitness();
                    switch (getSlotWidthStrategy()) {
                        case OFFSET_FROM_MINIMUM_FITNESS:
                            scaledFitness += (minSlotWidth - minFeasibleFitness);
                            break;
                        case SCALED_FITNESS:
                            double fitnessRange = 
                                    getMaximumFitness() - minFeasibleFitness;
                            scaledFitness = minSlotWidth;
                            if (fitnessRange > 0) {
                                scaledFitness += (minSlotWidth 
                                + (getMaximumSlotWidth() - minSlotWidth) 
                                * (fitness - minFeasibleFitness)
                                / fitnessRange);
                            }
                    }
                    if (scaledFitness > selector) {
                        result = individual;
                        if (removeAfterSelection) {
                            setTotalSlotWidth(getTotalSlotWidth() - scaledFitness);
                            iterator.remove();
                        }
                        break;
                    }
                    else {
                        selector -= scaledFitness;
                    }
                }
                else {
                    throw new FitnessException();
                }
            }
        }
        else {
            throw new FitnessException();
        }
        return result;
    }

    @Override
    public Collection<Individual> select(int numberToSelect, 
            boolean withReplacement) throws FitnessException {
        Collection<Individual> result = null;
        if (withReplacement) {
            result = new LinkedList<Individual>();
            for (int i = 0; i < numberToSelect; i++) {
                result.add(select(false));
            }
        }
        else if (selectAllFit().size() >= numberToSelect) {
            LinkedList<Individual> wheelClone = 
                    (LinkedList<Individual>) getRouletteWheel().clone();
            double totalSlotWidthClone = getTotalSlotWidth();
            result = new LinkedList<Individual>();
            while (result.size() < numberToSelect) {
                result.add(select(true));
            }
            setRouletteWheel(wheelClone);
            setTotalSlotWidth(totalSlotWidthClone);
        }
        else {
            throw new FitnessException();       
        }
        return result;
    }

    @Override
    public Collection<Individual> selectAllFit() {
        if (isRefreshNeeded()) {
            refresh();
        }
        return getRouletteWheel();
    }
    
    @Override
    public Collection<Individual> getPopulation() {
        return population;
    }

    @Override
    public void setPopulation(Collection<Individual> population) {
        setPopulation(population, false);
        setRefreshNeeded(true);
    }

    @Override
    public void setPopulation(Collection<Individual> population, boolean refreshNeeded) {
        this.population = population;
        if (refreshNeeded) {
            refresh();
        }
    }

    @Override
    public int getFitCount() {
        return selectAllFit().size();
    }

    /**
     * Return the {@link java.util.Random Random} number generator being used by
     * this <code>RouletteWheel</code>.
     * 
     * @return                  {@link java.util.Random Random} generator.
     */
    public Random getRng() {
        return rng;
    }

    /**
     * Set the {@link java.util.Random Random} number generator to be used by
     * this <code>RouletteWheel</code>.
     * 
     * @param rng               {@link java.util.Random Random} generator.
     */
    protected void setRng(Random rng) {
        this.rng = rng;
    }

    /**
     * Return the {@link java.util.LinkedList LinkedList<Individual>} containing
     * all of the viable/feasible members of the population, sorted in 
     * descending fitness order.
     * 
     * @return                  {@link java.util.LinkedList 
     *                          LinkedList<Individual>} of feasible/viable 
     *                          members of the population.
     */
    protected LinkedList<Individual> getRouletteWheel() {
        return rouletteWheel;
    }

    /**
     * Set the {@link java.util.LinkedList LinkedList<Individual>} containing
     * all of the viable/feasible members of the population. For 
     * 
     * @param rouletteWheel     {@link java.util.LinkedList 
     *                          LinkedList<Individual>} of feasible/viable 
     *                          members of the population.
     */
    protected void setRouletteWheel(LinkedList<Individual> rouletteWheel) {
        this.rouletteWheel = rouletteWheel;
    }

    /**
     * Return the current strategy used for transforming positive fitness values
     * to slots on a roulette wheel.
     * 
     * @return                  {@link SlotWidthStrategy 
     *                          RouletteWheel.SlotWidthStrategy} used to 
     *                          transform fitness values to slot widths.
     */
    public SlotWidthStrategy getSlotWidthStrategy() {
        return slotWidthStrategy;
    }

    /**
     * Set the strategy to be used for transforming positive fitness values to
     * slots on a roulette wheel.
     * 
     * @param slotWidthStrategy {@link SlotWidthStrategy 
     *                          RouletteWheel.SlotWidthStrategy} to be used to 
     *                          transform fitness values to slot widths.
     */
    public void setSlotWidthStrategy(SlotWidthStrategy slotWidthStrategy) {
        SlotWidthStrategy oldStrategy = getSlotWidthStrategy();
        this.slotWidthStrategy = slotWidthStrategy;
        if (oldStrategy != slotWidthStrategy) {
            setRefreshNeeded(true);
        }
    }

    /**
     * Return the current minimum width of slots on the roulette wheel used for 
     * selection. This is the width used for the least fit member of the
     * population.
     * 
     * @return                  <code>double</code> width of the slot 
     *                          associated with the least fit member of the
     *                          population.
     */
    public double getMinimumSlotWidth() {
        return minimumSlotWidth;
    }

    /**
     * Set the minimum width of slots on the roulette wheel used for selection.
     * This will be the width used for the least fit member of the population.
     * 
     * @param minimumSlotWidth  <code>double</code> width of the slot 
     *                          to be associated with the least fit member of 
     *                          the population.
     * @throws RouletteWheelException 
     *                          Thrown when the specified width is negative.
     */
    public void setMinimumSlotWidth(double minimumSlotWidth) 
            throws RouletteWheelException {
        if (minimumSlotWidth >= 0) {
            double oldMinWidth = getMinimumSlotWidth();
            this.minimumSlotWidth = minimumSlotWidth;
            if (oldMinWidth != minimumSlotWidth) {
                setRefreshNeeded(true);
            }
        }
        else {
            throw new RouletteWheelException();
        }
    }

    /**
     * Return the current maximum width of slots on the roulette wheel used for 
     * selection. This is the width used for the most fit member of the
     * population.
     * 
     * @return                  <code>double</code> width of the slot 
     *                          associated with the most fit member of the
     *                          population.
     */
    public double getMaximumSlotWidth() {
        return maximumSlotWidth;
    }

    /**
     * Set the maximum width of slots on the roulette wheel used for selection.
     * This will be the width used for the most fit member of the population.
     * 
     * @param maximumSlotWidth  <code>double</code> width of the slot 
     *                          to be associated with the most fit member of the
     *                          population.
     * @throws RouletteWheelException 
     *                          Thrown when the specified width is less than the
     *                          value returned by {@link #getMinimumSlotWidth() 
     *                          getMinimumSlotWidth()}.
     */
    public void setMaximumSlotWidth(double maximumSlotWidth) 
            throws RouletteWheelException {
        if (maximumSlotWidth >= getMinimumSlotWidth()) {
            double oldMaxWidth = getMaximumSlotWidth();
            this.maximumSlotWidth = maximumSlotWidth;
            if (oldMaxWidth != maximumSlotWidth) {
                setRefreshNeeded(true);
            }
        }
        else {
            throw new RouletteWheelException();
        }
    }

    /**
     * Return the total width of all slots on the roulette wheel. In member
     * selection, this value will be used as the upper limit for a 
     * <code>double</code>-valued random number; that value will in turn be 
     * successively compared to the cumulative widths for each individual, until 
     * a match is found.
     * 
     * @return                  <code>double</code> sum of all slot widths.
     */
    protected double getTotalSlotWidth() {
        return totalSlotWidth;
    }

    /**
     * Set the total width of all slots on the roulette wheel. In member
     * selection, this value will be used as the upper limit for a 
     * <code>double</code>-valued random number; that value will in turn be 
     * successively compared to the cumulative widths for each individual, until 
     * a match is found.
     * 
     * @param totalSlotWidth    <code>double</code> sum of all slot widths.
     */
    protected void setTotalSlotWidth(double totalSlotWidth) {
        this.totalSlotWidth = totalSlotWidth;
    }

    @Override
    public double getMinimumFeasibleFitness() {
        return minimumFeasibleFitness;
    }

    /**
     * Record the fitness value taken from the least fit (but still 
     * feasible/viable) member of the population.
     * 
     * @param minimumFeasibleFitness
     *                          <code>double</code> fitness of the least fit
     *                          (but still feasible/viable) member of the
     *                          population.
     */
    protected void setMinimumFeasibleFitness(double minimumFeasibleFitness) {
        this.minimumFeasibleFitness = minimumFeasibleFitness;
    }

    @Override
    public double getAverageFeasibleFitness() {
        return averageFeasibleFitness;
    }

    /**
     * Record the average fitness value computed from all fit (feasible/viable) 
     * members of the population.
     * 
     * @param averageFeasibleFitness
     *                          <code>double</code> average fitness of all fit
     *                          members of the population.
     */
    protected void setAverageFeasibleFitness(double averageFeasibleFitness) {
        this.averageFeasibleFitness = averageFeasibleFitness;
    }

    @Override
    public double getMinimumFitness() {
        return minimumFitness;
    }

    /**
     * Record the fitness value taken from the least fit member of the 
     * population. Note that in some implementations, all infeasible/unviable 
     * members will return a fitness of zero (0).
     * 
     * @param minimumFitness    <code>double</code> fitness of the least fit
     *                          member of the population, including 
     *                          infeasible/unviable members.
     */
    protected void setMinimumFitness(double minimumFitness) {
        this.minimumFitness = minimumFitness;
    }

    @Override
    public double getMaximumFitness() {
        return maximumFitness;
    }

    /**
     * Record the fitness value taken from the most fit member of the 
     * population. 
     * 
     * @param maximumFitness    <code>double</code> fitness of the most fit
     *                          member of the population.
     */
    protected void setMaximumFitness(double maximumFitness) {
        this.maximumFitness = maximumFitness;
    }

    @Override
    public double getAverageFitness() {
        return averageFitness;
    }

    /**
     * Record the average fitness value computed from all members of the 
     * population, including infeasible/unviable members.
     * 
     * @param averageFitness
     *                          <code>double</code> average fitness of all
     *                          members of the population.
     */
    protected void setAverageFitness(double averageFitness) {
        this.averageFitness = averageFitness;
    }

    /**
     * Return a <code>boolean</code> value indicating whether {@link #refresh() 
     * refresh()} should be called before any selection occurs. Note that in 
     * this implementation, this method cannot detect all conditions that might
     * dictate a call to {@link #refresh() refresh()}; thus, while this may be
     * useful to subclasses, it is still recommended that client classes call
     * {@link #refresh() refresh()} explicitly at the end of each generation,
     * after updating the population via death and reproduction.
     * 
     * @return                  <code>boolean</code> flag indicating whether the 
     *                          roulette wheel should be updated to reflect
     *                          modified parameters and/or a new population.
     */
    protected boolean isRefreshNeeded() {
        return refreshNeeded;
    }

    /**
     * Modify the refresh flag for this <code>RouletteWheel</code>.
     * 
     * @param refreshNeeded     <code>boolean</code> flag indicating whether the 
     *                          roulette wheel should be updated to reflect
     *                          modified parameters and/or a new population.
     */
    protected void setRefreshNeeded(boolean refreshNeeded) {
        this.refreshNeeded = refreshNeeded;
    }

    /**
     * <code>SlotWidthStrategy</code> is an enumeration of three basic 
     * strategies for the linear transformation of positive fitness values to 
     * "slots" in a roulette wheel.
     * 
     * @version 1.0
     * @author Nicholas Bennett
     */
    public static enum SlotWidthStrategy {
        /** 
         * Use a member's untransformed fitness value as its slot width. 
         */
        RAW_FITNESS,
        /** 
         * Use the difference between a member's fitness and that of the 
         * least fit (but still feasible/viable) member of the population, 
         * plus a minimum slot width (which may be zero), for the given member's 
         * slot width in the roulette wheel.
         */
        OFFSET_FROM_MINIMUM_FITNESS,
        /**
         * Scale a member's fitness to a slot width within a minimum and maximum 
         * value. This is computed by taking the difference between the given
         * member's fitness and that of the least fit (but still 
         * feasible/viable) member of the population, dividing that by the 
         * difference between the most and least fit members of the population, 
         * then multiplying by the difference between the minimum and maximum 
         * slot widths, and finally adding the minimum slot width to the result.
         */
        SCALED_FITNESS
    }
    
}
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org/supercomputingchallenge/ga/generic/RouletteWheelException.java/*
 * RouletteWheelException.java contains the RouletteWheelException class, which 
 * is a simple subclass of Exception.
 */

package org.supercomputingchallenge.ga.generic;

/**
 * <code>RouletteWheelException</code> extends the standard {@link 
 * java.lang.Exception Exception} class, to provide a mechanism for indicating 
 * that an exception occurred while setting one of the properties of a {@link
 * RouletteWheel RouletteWheel}. Typically, this will happen when the {@link
 * RouletteWheel#setMinimumFitness(double) RouletteWheel.setMinimumFitness()} is 
 * called with a negative number, or when {@link
 * RouletteWheel#setMaximumFitness(double) RouletteWheel.setMaximumFitness()} is 
 * called with a value less than that specified in {@link
 * RouletteWheel#setMinimumFitness(double) RouletteWheel.setMinimumFitness()}.
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public class RouletteWheelException extends Exception {}
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org/supercomputingchallenge/ga/generic/Selector.java/*
 * Selector.java contains the abstract class Selector. Concrete subclasses of 
 * this interface will be used to select members of a population for survival 
 * and reproduction.
 */

package org.supercomputingchallenge.ga.generic;

import java.util.Collection;

/**
 * <code>Selector</code> is an abstract class, declaring methods for selecting
 * one or a set of {@link Individual Individuals} from a population. 
 * 
 * @version 1.0
 * @author Nicholas Bennett
 */
public abstract class Selector {
    
    /**
     * Return a single {@link Individual Individual}, selected from the current
     * population. This method is equivalent to calling {@link #select(boolean) 
     * Selector.select(false)}.
     * 
     * @return                  {@link Individual Individual} selected.
     * 
     * @throws FitnessException
     *                          Thrown by the implementing class when no members
     *                          of the specified population are considered fit.
     */
    public Individual select() throws FitnessException {
        return select(false);
    }
    
    /**
     * Return a single {@link Individual Individual}, selected from the current
     * population.
     * 
     * @param removeAfterSelection
     *                          <code>boolean</code> flag indicating whether the
     *                          selected item should be removed immediately on
     *                          selection. The default is <code>false</code>.
     * 
     * @return                  {@link Individual Individual} selected.
     * 
     * @throws FitnessException
     *                          Thrown by the implementing class when no members
     *                          of the specified population are considered fit.
     */
    public abstract Individual select(boolean removeAfterSelection) 
            throws FitnessException;

    /**
     * Return a {@link java.util.Collection Collection<Individual>}, selected 
     * without replacement from the population. Calls to this method are 
     * equivalent to calls to {@link #select(int, boolean) select(int, false)}.
     * 
     * @param numberToSelect    <code>int</code> number of members of the 
     *                          population to be selected.
     * 
     * @return                  {@link java.util.Collection 
     *                          Collection<Individual>} selected subset of the 
     *                          population.
     * 
     * @throws FitnessException
     *                          Thrown by the implementing class when not enough 
     *                          members of the specified population are 
     *                          considered fit - i.e. when 
     *                          <code>numberToSelect</code> fit members cannot 
     *                          be found.
     */
    public Collection<Individual> select(int numberToSelect) 
            throws FitnessException {
        return select(numberToSelect, false);
    }

    /**
     * Return a {@link java.util.Collection Collection<Individual>}, selected 
     * with or without replacement from the population.
     * 
     * @param numberToSelect    <code>int</code> number of members of the 
     *                          population to be selected.
     * 
     * @param withReplacement   <code>boolean</code> switch, controlling whether
     *                          the same {@link Individual} can be selected more
     *                          than once.
     * 
     * @return                  {@link java.util.Collection 
     *                          Collection<Individual>} selected subset of the 
     *                          population.
     * 
     * @throws FitnessException 
     *                          Thrown by the implementing class when not enough 
     *                          members of the specified population are 
     *                          considered fit - e.g. when selecting without
     *                          replacement, and <code>numberToSelect</code> fit 
     *                          members cannot be found, or when selecting with
     *                          replacement, and the population contains no fit
     *                          members.
     */
    public abstract Collection<Individual> select(int numberToSelect, 
            boolean withReplacement) throws FitnessException;

    /**
     * Select and return a {@link java.util.Collection Collection<Individual>}
     * containing all members of the population which are at least minimally fit
     * and/or feasible. In general, this will return all members with a positive
     * fitness.
     * 
     * @return                  {@link java.util.Collection 
     *                          Collection<Individual>} selected subset of the 
     *                          population.
     */
    public abstract Collection<Individual> selectAllFit();
    
    /**
     * Return the population with which this <code>Selector</code> is 
     * associated, and from which {@link Individual Individuals} will be 
     * selected.
     * 
     * @return                  {@link java.util.Collection 
     *                          Collection<Individual>} population.
     */
    public abstract Collection<Individual> getPopulation();

    /**
     * <p>Set the population with which this <code>Selector</code> is 
     * associated, and from which {@link Individual Individuals} will be 
     * selected.</p>
     * <p>If an instance of {@link Controller Controller} (or a subclass 
     * thereof) is used to manage iteration of the GA solution algorithm, then 
     * this method should not be called directly, as it will be called by {@link 
     * Controller#setPopulation(java.util.Collection) 
     * Controller.setPopulation(Collection<Individual>)}.</p> 
     * 
     * @param population        {@link java.util.Collection 
     *                          Collection<Individual>} population.
     */
    public void setPopulation(Collection<Individual> population) {
        setPopulation(population, false);
    }

    /**
     * Set the population with which this <code>Selector</code> is 
     * associated, and from which {@link Individual Individuals} will be 
     * selected. Optionally, a call to {@link Selector#refresh() 
     * Selector.refresh()} can be forced.
     * 
     * @param population        {@link java.util.Collection 
     *                          Collection<Individual>} population.
     * @param forceRefresh      <code>boolean</code> switch controlling whether
     *                          a refresh will be performed immediately.
     */
    protected abstract void setPopulation(Collection<Individual> population, 
            boolean forceRefresh);
    
    /**
     * Perform any necessary updates to prepare to select from a population, and
     * to identify the fittest individual. This method is called automatically 
     * by {@link #setPopulation(java.util.Collection) 
     * setPopulation(Collection<Individual>)}. If the population is modified
     * in-place (i.e. using a single instance of {@link java.util.Collection 
     * Collection<Individual>} across multiple generations), as the {@link 
     * Controller Controller} class does, this method must be called again 
     * before selecting survivors and breeders in each generation.
     */
    public abstract void refresh();
    
    /**
     * Return the fittest {@link Individual Individual} member of a population.
     * A genetic algorithm implementation might employ some form of "elitist" 
     * strategy, where the fittest individual is always selected for survival
     * and/or breeding. This method can be used to suppport such a strategy.
     * 
     * @return                  {@link Individual Individual} that is the 
     *                          fittest member of the population.
     */
    public abstract Individual getFittest();
    
    /**
     * Identify the fittest {@link Individual Individual} member of a 
     * population. Concrete subclasses should call this method from the {@link 
     * #refresh() refresh()} implementation.
     * 
     * @param fittest           {@link Individual Individual} that is the 
     *                          fittest member of the population.
     */
    protected abstract void setFittest(Individual fittest);
    
    /**
     * Return the number of members of the population that are at least 
     * minimally fit. In general, this will be the number that have a feasible
     * solution, with a positive fitness.
     * 
     * @return                  <code>int</code> number of minimally fit members
     *                          of the population.
     */
    public abstract int getFitCount();
    
    /**
     * Return the number of members of the population that are not at least 
     * minimally fit. In general, this will be the number that have an 
     * infeasible solution, with a zero or negative fitness.
     * 
     * @return                  <code>int</code> number of unfit members of the
     *                          population.
     */
    public int getUnfitCount() {
        return getPopulation().size() - getFitCount();
    }

    /**
     * Return the fitness value of the most fit individual in the population.
     * 
     * @return
     */
    public double getMaximumFitness() {
        return getFittest().getFitness();
    }
    
    /**
     * Return the fitness value of the least fit (but still feasible/viable) 
     * individual in the population.
     * 
     * @return
     */
    public abstract double getMinimumFeasibleFitness();
    
    /**
     * Return the fitness value of the least fit (but still feasible/viable) 
     * individual in the population.
     * 
     * @return
     */
    public abstract double getMinimumFitness();

    /**
     * Return the average fitness of all viable/feasible members of the
     * population.
     * 
     * @return                  <code>double</code> average fitness of feasible
     *                          members of the population.
     */
    public abstract double getAverageFeasibleFitness();

    /**
     * Return the average fitness of all members of the population.
     * 
     * @return                  <code>double</code> average fitness of all 
     *                          members of the population.
     */
    public abstract double getAverageFitness();
    
}
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org/supercomputingchallenge/ga/knapsack/SampleKnapsack.javapackage org.supercomputingchallenge.ga.knapsack;

import java.util.LinkedList;
import org.supercomputingchallenge.ga.generic.Controller;
import org.supercomputingchallenge.ga.generic.Individual;
import org.supercomputingchallenge.ga.generic.ProgressListener;
import org.supercomputingchallenge.ga.generic.RouletteWheel;
import org.supercomputingchallenge.ga.generic.Selector;

public class SampleKnapsack {

    public static final String OUTPUT_STRING = 
            "-----------------------------------\n"
          + "Generation : %d\n"
          + "Maximum fitness: %g\n" 
          + "Best solution: %s\n"
          + "Fit count: %d\n"
          + "Average feasible fitness: %g\n";
    
    private static void update(Controller controller) {
        int generation = controller.getGeneration();
        Selector selector = controller.getSelector();
        if ((generation % 10) == 0) {
            System.out.printf(OUTPUT_STRING, generation, 
                    selector.getMaximumFitness(), 
                    (selector.getFittest() == null) ? 
                        "(none)" : selector.getFittest().toString(), 
                    selector.getFitCount(),
                    selector.getAverageFeasibleFitness());
        }
    }

    public static void main(String[] args) {
        Controller controller = new Controller();
        LinkedList<Individual> population = new LinkedList<Individual>();
        Selector selector = new RouletteWheel();
        double[] weights = new double[] 
            {0.8372, 0.9487, 0.7944, 0.9310, 0.3567, 0.5023, 0.5096, 0.5182, 
             0.8128, 0.2331, 0.7641, 0.1817, 0.2387, 0.6140, 0.9207, 0.9877, 
             0.4716, 0.5266, 0.6555, 0.4455, 0.8710, 0.7309, 0.6734, 0.9861, 
             0.0077, 0.4231, 0.1597, 0.2317, 0.9799, 0.9124, 0.8744, 0.3381, 
             0.5125, 0.9486, 0.2957, 0.1897, 0.4957, 0.7304, 0.7181, 0.7298};
        double[] values = new double[] 
            {0.2345, 0.3867, 0.5804, 0.2978, 0.4691, 0.0637, 0.4082, 0.1264, 
             0.2249, 0.5668, 0.3867, 0.2476, 0.5365, 0.8715, 0.2702, 0.2376, 
             0.6911, 0.4760, 0.7702, 0.5414, 0.0447, 0.7494, 0.6853, 0.6329, 
             0.4640, 0.9041, 0.6540, 0.8000, 0.3921, 0.5938, 0.5346, 0.5548, 
             0.5404, 0.1355, 0.4085, 0.6691, 0.2051, 0.3579, 0.2092, 0.8340};
        Solution.setValues(values);
        Solution.setWeights(weights);
        Solution.setLimit(12);
        controller.setMinimumReplacement(0.5);
        for (int i = 0; i < 1000; i++) {
            population.add(new Solution());
        }
        controller.setPopulation(population);
        controller.setSelector(selector);
        selector.refresh();
        update(controller);
        controller.addProgressListener(new ProgressListener() {
            public void update(Controller controller) {
                SampleKnapsack.update(controller);
            }
        });
        try {
            controller.run(50);
        }
        catch (Exception e) {
            e.printStackTrace(System.out);
        }
    }

}
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org/supercomputingchallenge/ga/knapsack/Solution.javapackage org.supercomputingchallenge.ga.knapsack;

import java.util.BitSet;
import java.util.Random;
import org.supercomputingchallenge.ga.generic.Individual;

public class Solution implements Individual {

    private static double[] values;
    private static double[] weights;
    private static double limit;
    private static double mutationProbability;
    private static Random rng;

    private BitSet items;
    
    {
        mutationProbability = 0;
        rng = new Random();
    }
    
    public Solution() {
        this(null);
    }
    
    protected Solution(Solution source) {
        if (source != null) {
            items = (BitSet) source.items.clone();
        }
        else {
            int numberItems = weights.length;
            items = new BitSet(numberItems);
            for (int i = 0; i < numberItems; i++) {
                items.set(i, rng.nextBoolean());
            }
        }
    }
    
    public static void setValues(double[] values) {
        Solution.values = values;
    }

    public static void setWeights(double[] weights) {
        Solution.weights = weights;
    }
    
    public static void setLimit(double limit) {
        Solution.limit = limit;
    }

    public static void setMutationProbability(double mutationProbability) {
        Solution.mutationProbability = mutationProbability;
    }

    public double getFitness() {
        double value = 0;
        double weight = 0;
        for (int i = 0; i < weights.length; i++) {
            if (items.get(i)) {
                weight += weights[i];
                value += values[i];
            }
        }
        if (weight > limit) {
            value = 0;
        }
        return value;
    }

    public Individual getOffspring(Individual otherParent) {
        Solution offspring = new Solution(this);
        BitSet partnerItems = ((Solution) otherParent).items;
        BitSet offspringItems = offspring.items;
        for (int i = 0; i < weights.length; i++) {
            if (rng.nextBoolean()) {
                offspringItems.set(i, partnerItems.get(i));
            }
            if (rng.nextDouble() < mutationProbability) {
                offspringItems.flip(i);
            }
        }
        return offspring;
    }

    public static void setRandomSeed(long seed) {
        rng.setSeed(seed);
    }
    
    public String toString() {
        return this.items.toString();
    }

}




