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Workshop slides can be found at

http://www.cems.uwe.ac.uk/~clsimons/ACCU2018/SimplyTheBest.pdf

JCLEC requires Java SE Development Kit, e.g. version 8 

http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html

https://github.com/christopher-simons/SimplyTheBest

http://www.cems.uwe.ac.uk/~clsimons/ACCU2018/SimplyTheBest.pdf
http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
https://github.com/christopher-simons/SimplyTheBest


Workshop

Evolutionary computing

Frameworks for evolutionary computing

Java Class Library for Evolutionary Computing

Optimisation problems:
‘OneMax’ Problem
How to program your way out of a paper bag
Travelling Salesman Problem
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5http://www.optaplanner.org/blog/2014/03/27/searchSpaceSizeCalculation.png

What’s the problem? combinatorial explosion
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natural evolution
i.e. the change in the inherited characteristics of 

biological populations over successive generations.

sexual reproduction for 
population diversity / variety

Selection of fittest individuals

environment

www.flickr.com/photos/armincifuentes/

What can we do about it?
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Computational evolution
Representation of an “individual” solution

e.g. arrays, trees, models, code etc. etc.  

Eiben, A.E., Smith, J.E. (2015) Introduction to Evolutionary Computing, 2nd Edition, Springer.   

initialise population at random
evaluate each individual
while( not done )
select parents
recombine pairs of parents
mutate new candidate individuals
evaluate each individual
select candidates for next generation

end while
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Typically, many individuals make up a population.

Ideas from biology (1)

Information concerning the characteristics of a solution individual is encoded in ‘genes’ –
all the gene values of an individual is known as the genotype.

Individuals can become parents from whom offspring are created. The offspring help to
form the new generation, and can themselves become parents in the next generation. 
Evolutionary algorithms can run for many generations, until some termination condition. 
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Diversity in the population is maintained by: 

Ideas from biology (2)
Evaluation of a solution individual gives some 

fitness value or cost value that is to be 
optimised, either maximised or minimised. 

Recombination (sexual reproduction) Mutation (asexual reproduction)

1 1 1 1 1

0 0 0 0 0

1 1 1 0 0

0 0 0 1 1
0 0 0 0 0 0 0 0 1 0

parents
parent

offspring
offspring

Only the fittest solution individuals
are selected to breed offspring;

individuals can enter a tournament, 
the fittest wins the right to breed.
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https://en.wikipedia.org/wiki/Evolved_antenna

The 2006 NASA ST5 spacecraft antenna. This complicated

shape was found by an evolutionary computer design

program to create the best radiation pattern.

Many applications of Evolutionary Computing

Examples include many well-known 

optimisation problems such as 

• course timetabling, 

• nurse rostering, 

• process scheduling, 

• network routing, 

• vehicle delivery scheduling, 

• load balancing, 

• Etc. etc.



Frameworks for Evolutionary Computing

Characteristics include:
• adaptable search components to create customised implementations;
• mechanisms for the integration of problem-specific knowledge, 

such as problem constraints and fitness function(s);
• components to configure and monitor the execution, allowing the 

user to set execution parameters and visualise intermediate results;
• general utilities to conduct experiments, including batch processing , 

parallel execution; and
• designed with best practices and design patterns in mind.
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Language Framework version Date
C++ Evolutionary Computation Framework (ECF) 1.4.2 2017

Evolving Objects (EO) 1.3.1 2012
jMetalCpp 1.7 2016
Mallba 2.0 2009
Open Beagle 3.0.3 2007
OptFrame 2.2 2017
PaGMO 2.5 2017
ParadisEO 2.0.1 2012

Java Java-based Evolutionary Computation Research System 
(ECJ)

24.0, 25.0 2017

Evolutionary Algorithms Workbench (EvA) 2.2.0 2015
Java Class Library for Evolutionary Computation (JCLEC) 4.0 2014

jMetal 5.3 2017
Multi-Objective Evolutionary Algorithm (MOEA) 
Framework 

2.12 2017

Opt4J 3.1.4 2015
C# GeneticSharp (A C# Genetic Algorithm Library) On-going 2017

HeuristicLab (A Paradigm-Independent and Extensible 
Environment for Heuristic Optimization)

3.3.14 2016

Python Distributed Evolutionary Algorithms in Python (DEAP) 1.1.0 2017

jMetalPy On-going 2017
Pyevolve 0.6rc_1 2015
PyGMO On-going 2017
Pyvolution 1.1 2012

Matlab Genetic and Evolutionary Algorithm Toolbox for Matlab 
(GEATbx)

3.8 2017

Global Optimisation Toolbox R2017b 2017
Matlab Platform for Evolutionary Multi-objective 
Optimisation (PlatEMO)

1.3 2017

https://accu.org/index.php/journals/c380/

Many frameworks available!

For further details, see Overload 142
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Krawiec,, K., Simons, C.L., Swan, J. and Woodward, J. (2017) "Metaheuristic Design Patterns: New Perspectives for 

Larger-Scale Architectures", in Handbook of Research on Emergent Applications of Optimization Algorithms, Vasant, 

Alparslan-Gok, Weber, Eds., IGI Global Publishing, pp.1-36. DOI: 10.4018/978-1-5225-2990-3.ch001

A pattern-based approach to optimisation

For a specific problem, need to consider:

Representation
- how to encode a candidate solution…

Fitness
- how to evaluate the fitness of a candidate solution…

Diversity
- how to make offspring different to parents…
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Time to look at an example of a evolutionary computing framework

http://jclec.sourceforge.net
15

http://jclec.sourceforge.net/


Time to download the framework

We need this

And we need this

But we don’t need this
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http://jclec.sourceforge.net

http://jclec.sourceforge.net/
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Or if you prefer…

https://github.com/doctorlove/simplythebest

https://github.com/richriley/jclec-tutorial

Clone just the files required for the workshop from a github repo:

Clone workshop files from a github repo with dependencies managed by Maven:

https://github.com/doctorlove/simplythebest
https://github.com/richriley/jclec-tutorial


Or copy extracted JCLEC source files to an IDE of your choosing, e.g.

and place tutorial source files 
in a package called ‘tutorial’
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Let the IDE know about the required libraries, i.e.
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Each JCLEC project has an XML configuration file to specify:  
1. Evolutionary algorithm components used, and
2. parameter set up  

XML configuration files have a .cfg suffix  
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Copy tutorial examples to a folder called ‘examples’, e.g.
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Let’s look at the Knapsack Problem as an example

Only whole objects can be put in the knapsack if there is enough space for them, 
partial objects are not allowed. 

To achieve a solution, for each object we must  decide whether it is placed in the 
knapsack or not. Let’s assume that each object has a variable associated with it 
that takes the value 1 if the object is placed in the knapsack, or 0 otherwise.

Given a set of items, each with a weight and a value, the objective is to determine 
the number of each item to include in the knapsack, so that the total weight is
less than a given limit and the total value is as large as possible (i.e. maximised).
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OBJECT WEIGHT VALUE
1 150 20

2 325 40

3 600 50

4 805 36

5 430 25

6 1200 64

7 770 54

8 60 18

9 930 46

10 353 28

Some problem specifics

Maximum weight of knapsack is 4200 grams.

There are ten types of object, and the
number of article per type cannot exceed ten.



24

Let’s apply some patterns

Representation
- how to encode a candidate solution?

Fitness
- how to evaluate the fitness of a candidate solution?

Diversity
- how to make offspring different to parents?

1 0 1 1 0 0 0 0 0 0

1 0 1 1 0 0 1 0 0 0

1 0 1 1 0 0 0 0 1 0

1 0 1 1 0 0 0 1 0 0

…

1st

2nd

3rd
…

10th

Array of 100 bits

Summation of value of objects in Knapsack
(Infeasible individuals assigned a negative value)

Recombination (i.e. two parents => two offspring) 
Mutation (i.e. one parent => one offspring) 
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Now let’s select the evolutionary algorithm…

Initialisation: each individual solution in the population is randomly initialized.

Population size: 100 individuals.

Replacement strategy: the best offspring automatically replaces the worst parent individual.

Evolution: simple generational approach with elitism (SGE), 
i.e. all offspring go forward to the next generation, and 

the best individual of this generation is included in the next generation of the algorithm.

… and some parameters

Stop Criterion: 1000 generations.

Parent selection: tournament between 2 individuals selected at random from the population.
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The configuration file, ‘knapsack.cfg’ (1)

<experiment>
<process algorithm-type="net.sf.jclec.algorithm.classic.SGE”>
<rand-gen-factory type="net.sf.jclec.util.random.RanecuFactory”

seed="987328938"/>
<population-size>100</population-size>
<max-of-generations>100</max-of-generations>
<species type="net.sf.jclec.binarray.BinArrayIndividualSpecies”

genotype-length="100"/>

Continued…
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The configuration file, ‘knapsack.cfg’ (2)

<evaluator type="tutorial.Knapsack">
<products>

<max-each-product>10</max-each-product>
<product weight="150" profit="20"/>
<product weight="325" profit="40"/>
<product weight="600" profit="50"/>
<product weight="805" profit="36"/> 
<product weight="430" profit="25"/>
<product weight="1200" profit="64"/>
<product weight="770" profit="54"/>
<product weight="60" profit="18"/>
<product weight="930" profit="46"/>
<product weight="353" profit="28"/>
<max-weight>4200</max-weight>

</products>
</evaluator>

Continued…
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The configuration file, ‘knapsack.cfg’ (3)
<provider type="net.sf.jclec.binarray.BinArrayCreator"/>
<parents-selector type="net.sf.jclec.selector.TournamentSelector">

<tournament-size>2</tournament-size>
</parents-selector>
<recombinator type="net.sf.jclec.binarray.rec.UniformCrossover”

rec-prob="0.9"/>
<mutator type="net.sf.jclec.binarray.mut.OneLocusMutator"

mut-prob="0.2"/>
<listener type="net.sf.jclec.listener.PopulationReporter">

<report-frequency>10</report-frequency>
<report-on-file>true</report-on-file>
<save-complete-population>true</save-complete-population>
<report-title>Knapsack-</report-title>

</listener>
</process>

</experiment>
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Implementation of fitness, configuration in ‘Knapsack.java’
public class Knapsack extends AbstractEvaluator implements IConfigure
{

List<Integer> weights = new ArrayList<Integer>();
List<Integer> profits = new ArrayList<Integer>();
// etc.

/** Set the maximize flag.
* @param maximize Actual maximize flag. 
*/

public void setMaximize(boolean maximize){
this.maximize = maximize;

}

public Comparator<IFitness> getComparator() {   
// Set fitness comparator (if necessary)
if (COMPARATOR == null)

COMPARATOR = new ValueFitnessComparator(!maximize);
return COMPARATOR;

}
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Implementation of configuration

public void configure(Configuration settings)
{   //get max-number-products

maxOfProducts = settings.getInt("products.max-each-product",1);
// get number-products
numberOfProducts = settings.getList("products.product[@weight]").size();
// get max-weight
maxWeight = settings.getInt("products.max-weight",1);

for(int i=0; i<numberOfProducts; i++) {
for(int j=0; j<maxOfProducts; j++) {

profits.add(settings.getInt("products.product("+i+")[@profit]"));
weights.add(settings.getInt("products.product("+i+")[@weight]"));

}
}
// Maximize flag
setMaximize(true);

}
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Implementation of fitness evaluation
@Override
protected void evaluate(IIndividual ind)
{

byte [] genotype = ((BinArrayIndividual)ind).getGenotype();
int totalweigth = 0, totalprofit = 0;

for (int i=0; i<genotype.length; i++) {// Calculate weight, profit
totalweigth += genotype[i]*weights.get(i);
totalprofit += genotype[i]*profits.get(i);

}

if (totalweigth <= maxWeight){
ind.setFitness(new SimpleValueFitness(totalprofit));

}
else {

ind.setFitness(new SimpleValueFitness(-totalprofit));
}

}
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Set the main class as ‘net.sf.jclec.RunExperiment‘,
and set ‘knapsack.cfg’ (with path) as an argument to the executable:

And now we can build and run!
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Demonstration
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Population fitness curves
Using gnuPlot…
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Optimisation Problem (1)

OneMax Problem
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The ”hello world” of evolutionary computing!

e.g. http://tracer.lcc.uma.es/problems/onemax/onemax.html

The OneMax problem consists of maximising the number of ones in a bitstring. 

Let’s take a length of 100 bits for the bitstring.

Yes, I know, we can do this in our heads : ) but it’s a good example of getting going with the framework…

http://tracer.lcc.uma.es/problems/onemax/onemax.html
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Algorithm design and parameter set up – let’s apply some patterns…

Representation
- how to encode a candidate solution?

Fitness
- how to evaluate the fitness of a candidate solution?

Diversity
- how to make offspring different to parents?

Initialisation: random?

Population size: 100 individuals

Evolution: simple generational with elitism (SGE)? 

… and suggested parameters

Stop Criterion: 50 generations

Parent selection: tournament of 2 individuals

?

?

?
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Make a new file
“OneMax.java”

And make a new folder “OneMax” in ”examples”
for the configuration file – “OneMax.cfg”
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Take inspiration (i.e. copy & edit) from the Knapsack Problem, 
and enjoy the programming!

Don’t forget to invoke the executable with ”OneMax.cfg” as an argument 

Hint: there’s no need to program any configuration, other than setting the maximisation flag true. 
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Enjoy the programming!

Here’s one way to solve the OneMax optimisation problem…
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Here’s one possible configuration; changes to Knapsack.cfg highlighted in bold:

<experiment>
<process algorithm-type="net.sf.jclec.algorithm.classic.SGE">
<rand-gen-factory type="net.sf.jclec.util.random.RanecuFactory" seed="987328938"/>
<population-size>100</population-size>
<max-of-generations>50</max-of-generations>
<species type="net.sf.jclec.binarray.BinArrayIndividualSpecies" genotype-length="100"/>
<evaluator type="tutorial.OneMax"/>
<provider type="net.sf.jclec.binarray.BinArrayCreator"/>
<parents-selector type="net.sf.jclec.selector.TournamentSelector">
<tournament-size>2</tournament-size>

</parents-selector>
<recombinator type="net.sf.jclec.binarray.rec.UniformCrossover" rec-prob="0.9" />
<mutator type="net.sf.jclec.binarray.mut.OneLocusMutator" mut-prob="0.2" />
<listener type="net.sf.jclec.listener.PopulationReporter">
<report-frequency>5</report-frequency>
<report-on-file>true</report-on-file>
<save-complete-population>true</save-complete-population>
<report-title>"OneMax-"</report-title>

</listener>
</process>

</experiment>
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One way of solving the fitness evaluation:

@Override
protected void evaluate( IIndividual ind ) {            

// Individual genotype            
byte[ ] genotype = ( (BinArrayIndividual)ind).getGenotype( );
int bitCount = 0;                            

for( int i = 0; i < genotype.length; i++ )  {                
if( genotype[ i ] == 1 )  {                    

bitCount++;                
}           

}                           

ind.setFitness( new SimpleValueFitness( bitCount ) );
}
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Demonstration
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…



45
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Optimisation Problem (2)

Program your way out of a paper bag



• Overload, 21(118):7–9, December 2013
• http://accu.org/index.php/journals/1821

V

θ

Let’s suppose there’s a canon in a paper bag

Let’s also suppose:
width of bag is 10.0,
height of bag is 5.0. 

http://accu.org/index.php/journals/1821
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Given a bag with bottom left corner at (k, 0), of width w, and height h, assuming the 
projectile is smaller than the bag, the cannon is a point of no size, and given the 
acceleration due to gravity, g, after time t the projectile will be at point (x, y) where

! = # + 12' + () cos -

. = () sin - − 122)
3

x is the horizontal displacement and y the vertical displacement. The projectile will just 
escape when y ≥ h and x < k or x > k + w. 

g will be taken as 9.81 m/s2. For simplicity, the code will assume k is zero.



Fitness evaluation

• Launching at random, something either ends in or out of the bag
• But some fail cases are less bad than others

• 3 escape
• 2 on left get “close”
• Could “close” mean height 

(at edge of bag)? 
• Fitness = height
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Recombination Mutation

Mutate

Diversity Preservation
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Algorithm design and parameter set up – let’s again apply some patterns…

Representation
- how to encode a candidate solution in the population?

Fitness
- how to evaluate the fitness of a candidate solution?

Diversity
- how to make offspring different to parents?

Initialisation: random?

Population size: 12 individuals

Evolution: simple generational with elitism (SGE)? 

… and suggested parameters

Stop Criterion: 20 generations

Parent selection: tournament of 2 individuals

?

?

?
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<experiment>
<process algorithm-type="net.sf.jclec.algorithm.classic.SGE">
<population-size>12</population-size>
<max-of-generations>20</max-of-generations>
<rand-gen-factory type="net.sf.jclec.util.random.RanecuFactory” seed="124321453"/>
<species type="net.sf.jclec.realarray.RealArrayIndividualSpecies">
<genotype-schema>
<locus type="net.sf.jclec.util.range.Interval" left="0.0" right="20.0”
closure="closed-closed"/>

<locus type="net.sf.jclec.util.range.Interval" left="0.0" right="180.0”
closure="closed-closed"/>

</genotype-schema>
</species>
<evaluator type="tutorial.PaperBag"/>
<provider type="net.sf.jclec.realarray.RealArrayCreator"/>
<parents-selector type="net.sf.jclec.selector.TournamentSelector"
tournament-size="2"/>

<mutator type="net.sf.jclec.realarray.mut.NonUniformMutator" mut-prob="0.15" />
<recombinator type="net.sf.jclec.realarray.rec.BLXAlphaCrossover" rec-prob="0.9“
alpha="0.3"/>

<listener … </listener>
</process>

</experiment>



53

Don’t forget to invoke the executable with ”PaperBag.cfg” as an argument 
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Enjoy the programming!

Here’s one way to solve the ‘Out of a Paper Bag’ optimisation problem…

Hint – think about converting the angle theta to radians before applying sin() and cos()
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public class Point  {    
public double x;
public double y;        

public Point( )  {        
x = 0.0;       
y = 0.0;    

}   
}

Let’s start with a ‘Point’ class (with public x & y attributes for convenience): 
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public class PaperBag extends AbstractEvaluator {

protected boolean maximize = true;

private Comparator<IFitness> COMPARATOR;

/* list of x,y points of the projectile trajectory */    
private List< Point > pointsList;         

private DecimalFormat df;  // for debugging      

private static final double GRAVITY = 9.81; // gravity i.e. 9.81 m/sec2

private static final double WIDTH = 10.0; // width of the paper bag      

private static final double HEIGHT = 5.0; // height of the paper bag

private static final double STEP = 0.1; // the "time step"      

// … Continued….



57

double fitness = 0.0;                

// calculate fitness value from the parabolic trajectory points
for( Point p : pointsList ) {            

if( p.x <= 0.0 || p.x >= WIDTH ) {                
fitness = p.y;                                       
break;

}            
}        

ind.setFitness( new SimpleValueFitness( fitness ) );    
}



58

private Point getPointAtTime( final double time, final double velocity,
final double theta )     {               
double inRadians = Math.toRadians( theta ); // convert to radians

double xTemp = 0.5 * WIDTH;
double xIncrement = velocity * time * Math.cos( inRadians );
xTemp += xIncrement;                              

double yTemp = velocity * time * Math.sin( inRadians );
double yIncrement = 0.5 * GRAVITY * ( time * time );        
yTemp -= yIncrement;                
// can't have a negative y value - this is the ground!        
if( yTemp < 0.0 ) yTemp = 0.0;        

Point p = new Point( );        
p.x = xTemp; p.y = yTemp;         
return p;    

} 

The getPointAtTime(  ) method:
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Demonstration
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Optimisation Problem (3)

Travelling Salesman Problem
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The travelling salesman problem (TSP) asks the following 
question: "Given a list of cities and the distances between 
each pair of cities, what is the shortest possible route that 
visits each city (once only)* and returns to the origin city?"

https://en.wikipedia.org/wiki/Travelling_salesman_problem

* Our clarification
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Some problem specifics. Let’s take 52 locations in Berlin: 

NAME: berlin52
TYPE: TSP
COMMENT: 52 locations in Berlin(Groetschel)
DIMENSION: 52
EDGE_WEIGHT_TYPE: EUC_2D
NODE_COORD_SECTION
1 565.0 575.0
2 25.0 185.0
3 345.0 750.0
4 945.0 685.0 
...

51 1340.0 725.0 
52 1740.0 245.0
EOF

‘Berlin.tsp’ files available from 
the examples on JCLEC
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Algorithm design and parameter set up – let’s again apply some patterns…

Representation
- how to encode a candidate solution in the population?

Fitness
- how to evaluate the fitness of a candidate solution?

Diversity
- how to make offspring different to parents?

Initialisation: random

Population size: 100 individuals

Evolution: simple generational with elitism (SGE)

… and suggested parameters

Stop Criterion: 100 generations

Parent selection: tournament of 2 individuals

array of 52 integers, 
whose values represent specific cities

distance of the route 
(to be minimised) 

Recombination and mutation
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<experiment>
<process algorithm-type="net.sf.jclec.algorithm.classic.SGE">
<rand-gen-factory type="net.sf.jclec.util.random.RanecuFactory" seed="987328938"/>
<population-size>100</population-size>
<max-of-generations>1000</max-of-generations>
<species type="net.sf.jclec.orderarray.OrderArrayIndividualSpecies"
genotype-length="52"/>

<evaluator type="tutorial.TSP" file-name="examples/TSP/cities/berlin52.tsp”
number-cities="52"/>

<provider type="net.sf.jclec.orderarray.OrderArrayCreator"/>
<parents-selector type="net.sf.jclec.selector.TournamentSelector”> 
<tournament-size>2</tournament-size>
</parents-selector>
<mutator type="net.sf.jclec.orderarray.mut.Order2OptMutator" mut-prob="0.2”/>
<recombinator type="net.sf.jclec.orderarray.rec.OrderPMXCrossover” 
rec-prob="0.9"/>

<listener type="net.sf.jclec.listener.PopulationReporter">
<report-frequency>50</report-frequency>
<report-on-file>true</report-on-file>

</listener>
</process>

</experiment>
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public class TSP extends AbstractEvaluator implements IConfigure
{

/** Maximize of minimize functions? */
protected boolean maximize = false;

/** Distances matrix */
private double distances[][];

private Comparator<IFitness> COMPARATOR;

private BufferedReader br;

// configuration set up etc...

Here’s one way to solve the TSP with the framework:
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protected void evaluate(IIndividual ind){

// Individual genotype
int [] genotype = ((OrderArrayIndividual)ind).getGenotype();

double distance = 0;

for (int i=0; i<genotype.length-1; i++) {
distance += distances[genotype[i]][genotype[i+1]];

}

distance += distances[genotype[genotype.length-1]][genotype[0]];

ind.setFitness(new SimpleValueFitness(distance));
}
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Invoke the executable with ”TSP.cfg” as an argument 
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Demonstration
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Practicalities and final thoughts (1)

72

We don’t have to ‘re-invent the wheel’ with evolutionary algorithms 
i.e. we don’t have to start from nothing.

Rather, we can focus programming on 
(i) algorithm configuration, by providing a configuration file

(and sometimes implementing IConfigure)
(ii) fitness/cost measures, by extending AbstractEvaluator



Practicalities and final thoughts (2)
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Using an evolutionary computing framework for optimization
• (correctly) focusses attention on 

(i) Problem characteristics e.g. solution representation, 
fitness/cost measures, constraints

(ii) metaheuristic design patterns and best practices
• can dramatically reduce algorithm implementation time and issues

although
• learning curve investment can lead to framework lock-in?
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One way of solving the fitness evaluation:

protected void evaluate( IIndividual ind ) {
// Individual genotype        
double[ ] genotype = ((RealArrayIndividual)ind).getGenotype( );
double velocity = genotype[ 0 ];        
double theta = genotype[ 1 ]; 

pointsList = new ArrayList< >( ); // clear out the list of points

// calculate the points of the parabolic trajectory        
for( double time = 0.0; time < END; time += STEP ){

Point p = getPointAtTime( time, velocity, theta );  
pointsList.add( p );        

}

// …

Continued….


