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When we want to optimise:

* We might want to maximise ‘quality’, and/or
 We might want to minimise ‘cost’...

We want to find the ‘best’ (for whatever ‘best’” means for our situation)



So what’s the problem? combinatorial explosion

Calculate the size of the search space

Given a Solution model, how many different combinations can it represent?
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What can we do about it?

natural evol

i.e. the change in the inherited che
biological populations over

environment



Computational evolution

|II

Representation of an “individual” solution
e.g. arrays, trees, models, code etc. etc.

initialise population at random
evaluate each 1ndividual
while( not done )
select parents
recombine pairs of parents
mutate new candidate i1ndividuals
evaluate each 1ndividual
select candidates for next generation
end while



|[deas 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.

Typically, many individuals make up a population.

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.



|[deas from biology (2)

Evaluation of a solution individual gives some
fitness value or cost value that is to be
optimised, either maximised or minimised.

Only the fittest solution individuals
are selected to breed offspring;

individuals can enter a tournament,
the fittest wins the right to breed.

Diversity in the population is maintained by:

/ Recombination (sexual reproduction) \
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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.

The 2006 NASA ST5 spacecraft antenna. This complicated
shape was found by an evolutionary computer design
program to create the best radiation pattern.

https://en.wikipedia.org/wiki/Evolved_antenna
11
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Frameworks for Evolutionary Computing

Characteristics include:
* mechanisms for the integration of problem-specific knowledge,
such as problem constraints and fitness function(s);
e components to configure and monitor the execution, allowing the
user to set execution parameters and visualise intermediate results;
e designed with best practices and design patterns in mind.



language _ |Framework ____________________________Jversion __[Date |

Evolutionary Computation Framework (ECF) 1.4.2 2017
I Evolving Objects (EO) 1.3.1 2012

I jMmetalcpp 1.7 2016
P Mallba 2.0 2009
I Open Beagle 3.03 2007
I optFrame 2.2 2017
I ragmo 2.5 2017
I ParadisEO 2.0.1 2012

_ Java-based Evolutionary Computation Research System 24.0,25.0 2017
(EC))

I evolutionary Algorithms Workbench (EvA) 220 2015

- Java Class Library for Evolutionary Computation (JCLEC) 4.0 2014

D jMetal 5.3 2017

Multi-Objective Evolutionary Algorithm (MOEA) 2.12 2017
Framework

B optal 3.1.4 2015

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

- HeuristicLab (A Paradigm-Independent and Extensible 3.3.14 2016
Environment for Heuristic Optimization)

Distributed Evolutionary Algorithms in Python (DEAP) 1.1.0 2017

P jMetalpy On-going 2017
_ Pyevolve 0.6rc_1 2015
_ PyGMO On-going 2017
I pyvolution 1.1 2012

Genetic and Evolutionary Algorithm Toolbox for Matlab 3.8 2017
(GEATbx)

I Global Optimisation Toolbox R2017b 2017

Matlab Platform for Evolutionary Multi-objective 1.3 2017
Optimisation (PlatEMO)

Many frameworks available!

For further details, see Overload 142

https://accu.org/index.php/journals/c380/
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Time to look at an example of a evolutionary computing framework

a8 for Ev,
SJCLEC: "
: JCULE
3, o
p - nop"
MAIN MENU JCLEC - Java Class Library for Evolutionary Computation
= Home
OFeatures """"""""""""""""""""""" JCLEC is 2 software system for Evolutionary Computation (EC) research, developed in the Java programming language. It
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, provides a high-level software framework to do any kind of Evolutionary Algorithm (EA), providing support for genetic
= Documentation algorithms (binary, integer and real encoding), genetic programming (Koza's style, strongly typed, and grammar based) and
............................................................. evolutionary programming.
* Examples
------------------------------------------------------------- JCLEC architecture follows strong principles of object oriented programming, where abstractions are represented by loosely
= Downloa¢ coupled objects and where it is common and easy to reuse code. JCLEC provide an EC enviranment with the following main
* VisuallCLEC features:

_____________________________________________________________ = Genericity. Any kind of EC algorithm can be executed using JCLEC, as some minimum requirements are fulfiled. The

only necessary condition is to have a population of individuals to which a sequence of evolving operations is iteratively
applied. So far, JCLEC supports most mainstream EC flavors such genetic programming, bit string, integer-valued vector

LATEST NEWS ) ) ) )
o and real-valued vector genetic algorithms, and evolution strategy. It also supports advanced EC technigues such as

A JULEL CIassincaton

module tutorial is available multi-objective optimization. The user can make use of any of these specialized frameworks, or even modify them to
create his/her own customized evolutionary algarithm.

Tutorial * User friendly. Considerable efforts were made to build JCLEC in a pretty and pleasant form. JCLEC provides diverse
mechanisms that offer a user friendly programming interface. It follows a high-level programming style, wich allows the

The 1ICLEC classification rapid prototyping of applications.

L]

Portability. The JCLEC system has been coded in the Java programming language that ensures its portability between

all platforms that implement a Java Virtual Machine.

http://iclec.sourceforge.net
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http://jclec.sourceforge.net/

Time to download the framework http://jclec.sourceforge.net

e for

S JcuEc:

Jokec; i JCLEC

MAIN MEND — Brought to you by:
* Home The JCLEC source code and its modules can be obtained as follows: :
» Features
e « Download source files from SourceForge. View details. source T
siDoamenttion » Download source files from SVN. View details,
* Examples * Download source files from GIT. View details.
- * Download  Download source files from CVS, View details.
* VisualJCLEC * Download source files and import as project in Eclipse. View details. D . . . =
s » Download source fikes and import as project in NetBeans. View detait. £ Negons Sumrnary Files Reviews Support Mailing Lists Bugs
LATEST NEWS Onee you have downloaded JCLEC, you can start testing the software, running the examples provided and developing
rithms!
A JCLEC diassification cvin aigoriinms
module tutorial is available We recommend you to view the JCLEC wik, the JCLEC tutorial ‘&l and the JCLEC classification tutorial &, D‘DW“ID ad LatEEt VEI'Si'Dn G t U d t
. . . el Updates
Tutorial jclecd-base.zip (3.7 MB)

Harme /4.0.0
Name @ Modified @

J Parent folder
We need this FIRST jclecd-base.zip 2014-07-03 3.7MB

But we don’t need this jclecd-classification.zip 2014-07-03 6.5MB

jclecd-tutorial.zip 2013-04-18 1.6 MB

1

And we need this SECOND

Totals: 3 ltems 11.8 MB



http://jclec.sourceforge.net/

You can copy an Eclipse or NetBeans project, or

From jclec4 base.zip, copy extracted JCLEC
source files to an IDE of your choosing, e.g.

[ NN I
| tl E IE <defaul
Projects | Files | Services

(£95)CLEC_OneMax

[igSource Packages
[Hgnet.sf.jclec
[Hgnet.sf.jclec.algorithm
[]anet.sf.jclec.algorithm.classic
[:}anet.sf.jclec.algorithm.gengap
[gnet.sf.jclec.algorithm.multiobjective
[]anet.sf.jclec.algorithm.niching
[gnet.sf.jclec.base
[Flgnet.sf.jclec.binarray
[Hlgnet.sf.jclec.binarray.mut
[Flgnet.sf.jclec.binarray.rec
[lgnet.sf.jclec.expriree
[gnet.sf.jclec.expriree.fun
[]a net.sf.jclec.exprtree.mut
[lgnet.sf.jclec.expriree.rec
[Hgnet.sf.jclec.fitness
[[lgnet.sf.jclec.intarray
[Hlgnet.sf.jclec.int@array.mut
[lgnet.sf.jclec.intarray.rec
[lgnet.sf.jclec listener
[lgnet.sf.jclec.multiexpriree
[]a net.sf.jclec.multisyntaxtree
[]a net.sf.jclec.orderarray
[|gnet.sf.jclec.orderarray.mut
[lgnet.sf.jclec.orderarray.rec
[lgnet.sf.jclec.realarray
[Hlgnet.sf.jclec.realarray.mut
[lgnet.sf.jclec.realarray.rec
[gnet.sf.jclec.selector
[]a net.sf.jclec.syntaxtree
[]a net.sf.jelec.syntaxtree. mut
[]a net.sf.jclec.syntaxtree.rec
[lgnet.sf.jclec.util
[Hlgnet.sf.jclec.util.intset
[]a net.sf.jclec.util.random
[Fgnet.sf.jclec.util.range
[EEMtutorial

[z Test Packages

& Libraries

= Test Libraries

18



From jclec4d base.zip, extract and let the IDE know about the

required libraries, e.g.

Categories:

2 Sources
2 Libraries
¥ @ Build
2 Compiling
2 Packaging
2 Deployment
=  Documenting
2 Run
v @ Application
2 Web Start
@ License Headers
@ Formatting
2 Hints

Project Properties - JCLEC OneMax

Java Platform: JDK 1.8 (Default) E Manage Platforms...

Libraries Folder Browse...

W Processor  Run Compile Tests Run Tests

Compile-time Libraries:

libs fjunit-3.8.2.jar

libs /commons-collections-3.2.1.jar
libs /commeons-configuration-1.5.jar
libs /commons-lang-2.4.jar

Add Project...
Add Library...

Add JAR/Folder

libs /commons-logging-1.1.1.jar

Edit

Remove

Help Cancel ﬁ

19



From jclec4-tutorial.zip,

Projects ) | Files | Services |
v (555)CLEC_OneMax
v [[gSource Packages

>

Y ¥ Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYYFYYYYYY

>

» [[gTest Packages

L -]
Lt -]

g net.sf.jclec
[Flgnet.sf.jclec.algorithm
[ynet.sf.jclec.algorithm.classic

|2z net.sf.jclec.algorithm.gengap

[-lgnet.sf.jclec.algorithm. multiobjective

[Hgnet.sf.jclec.algorithm. niching
[gnet.sf.jclec.base
[Hgnet.sf.jclec.binarray

EEIB net.sf.jclec.binarray.mut
EEIB net.sf.jclec.binarray.rec
[Hgnet sf.jclec.expriree

EEIa net.sf.jclec.expriree.fun
EEIB net.sf.jclec.expriree.mut
EEIa net.sf.jclec.exprtree.rec
[Hgnet.sf.jclec.fitness
[gnet.sf.jclec.intarray

EEIB net.sf.jclec.intarray. mut
EEIB net.sf.jclec.intarray.rec
[gnet.sf.jclec.listener

EEIB net.sf.jclec.multiexprtree
EEIa net.sf.jclec.multisyntaxtree
EEIB net.sf.jclec.orderarray

[Hlgnet.sf.jclec.orderarray.mut
EEI@ net.sf.jclec.orderarray.rec
EEIB net.sf.jclec.realarray

EEIB net.sf.jclec.realarray.mut
EEIB net.sf.jclec.realarray.rec
[ynet.sf.jclec.selector

EEIB net.sf.jclec.syntaxtree

EEIB net.sf.jclec.syntaxtree.mut
EEIB net.sf.jclec.syntaxtree.rec
[Hgnet.sf.jclec.util
[Hgnet.sf.jclec.util.intset
[Hgnet. sf.jclec.util.rany
[gnet.sf.jclec.ug

=R wiorial

Libraries
Test Libraries

place tutorial source files
in a package called ‘tutorial’

Lgnet.sf.jclec.util.range
v v G

Ackley.java
Knapsack.java
OneMax.java
PaperBag.java
Point.java
Rastrigin.java
Sphere.java
T5P.java
» | [zTest Packages
» | & Libraries
# | & TestLibraries

4 v W

[&:][B:] B [ [ [ [ [

20



Each JCLEC project has an XML-based configuration file to specify:
1. Evolutionary algorithm components used, and

2. parameter set up

XML configuration files have a .cfg suffix



Also from jclec4-tutorial.zip, copy tutorial example configuration files
to a folder called ‘examples’, e.g.

—b

'

-

ryy vy v

ETI ol

Mame

JCLEC_OneMax

5 ﬁ-‘u"

-

| Tl examples |

£ -

m—)

358 z
=t £y
| build
build.xmi I 0o oi - B2 w
| dist
 doc MName
7l examples .
: 7 JCLEC-tutorial
libs
manifest.mf b || Knapsack
| nbproject b || OneiMax
ke » | 7] PaperBag
| test . gor
| TSP-Thu Dec 07 17.02.34 GMT 2017 | sphere
TSP-Thu Dec 07 17.02.34 GMT 2017] » 0 TSP
W TSP-Wed Feb 07 12.34.40 GMT 201

TSP-Wed Feb 07 12.3...40 GMT 2018.report.txl

| TSP-Wed Feb 07 13.53.04 GMT 2018 L ]
TSP-Wed Feb 07 13.53.04 GMT 2018.report.txt 7 Feb 201

| 7 Knapsack

2z Etm joy | o=

v |

B 2017 11_30_Knapsack_every 10_generations.dat

M 2017 11_30 Knapsack_every 10.dat
201/711_30_Knapsack_Fitness_Curves.png

M 2017 11_30_Knapsack_Fitness.plot

& jclecd-tutorial.jar

b || Knapsack-5Sun Oct 29 10.03.13 GMT 2017

Knapsack-5un Oct 29 10.03.13 GMT 2017.report.ixt

b || Knapsack-Thu Nov 30 15.30.38 GMT 2017

b+ || Knapsack-Thu Oct 26 17.27.41 BST 2017
Knapsack-Thu Oct 26 17.27.41 BST 2017 .report.txt

b | | Knapsack-Thu Oct 26 17.30.04 BST 2017

® Knapsack.cfg

26 17.30.04 BST 2017 report.txt

4
e
£
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Note

e For the Travelling Salesman Problem (TSP) example, you may also
need orderarray package from jclec4-tutorial.zip

23
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The "hello world” of evolutionary computing!

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

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

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

Yes, | 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

Algorithm design and parameter set up — let’s apply some patterns...

Representation

Initialisation: random
- how to encode a candidate solution?

5 binary array Evolution: simple generational with elitism (SGE)

... and suggested parameters

Fitness
- how to evaluate the fitness of a candidate solution?
Stop Criterion: 50 generations
Diversity Parent selection: tournament of 2 individuals

- how to make offspring different to parents?
crossover and mutation

26



Make a new file
“OneMax.java”

@RS D E

Projects

v &5ICLEC_OneMax
v [HgSource Packages

>

4 ¥ ¥ ¥ ¥ Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYYVYYYVYYYYY

[Hgnet.sf.jclec
[Hgnet.sf.jclec.algorithm
[gnet.sf.jelec.algorithm.classic
[gnet.sf.jclec.algorithm.gengap

[gnet.sf.jclec.algorithm. multiobje ctive

[Hgnet.sf.jclec.algorithm.niching
[gnet.sf.jclec.base
[gnet.sf.jclec.binarray
EEIE, net.sf.jclec.binarray.mut
EEIE, net.sf.jclec.binarray.rec
[Hlgnet.sf.jclec.expriree
EEIB net.sf.jclec.exprtree.fun
EEIB net.sf.jclec.expriree.mut
EEIE, net.sf.jclec.expriree.rec
[Hgnet.sf.jclec.fitness
[Hgnet.sf.jclec.intarray
EEIE, net.sf.jclec.intarray.mut
EEIE, net.sf.jclec.intarray.rec
[Hgnet.sf.jclec.listener
EEIE, net.sf.jclec.multiexpriree
EEIE, net.sf.jclec.multisyntaxtree
EEIE, net.sf.jclec.orderarray
EEIE, net.sf.jclec.orderarray.mut
EEIB net.sf.jclec.orderarray.rec
EEIB net.sf.jclec.realarray
EEIB net.sf.jclec.realarray.mut
EEIE, net.sf.jclec.realarray.rec
[Hgnet.sf.jclec.selector
EEIE, net.sf.jclec.syntaxtree
EEIE, net.sf.jclec.syntaxtree. mut
EEIE, net.sf.jclec.syntaxtree.rec
[Hgnet.sf.jclec.util
[Hgnet.sf.jclec.util.intset
[Hgnet.sf.jclec.util.random
[Hgnet.sf.jclec.util.range
[Hgtutorial

@ Ackley.java

Knapsack.java

5
> @ OneMax.java
€]

PaperBag.java

Point.java

Rastrigin.java

Sphere.java
[& TsP.java

| [gTest Packages

And make a new folder “OneMax” in "examples”
for the configuration file — “OneMax.cfg”

[T examples

ag Em] IOl EE |

Name

| JCLEC-tutorial
F |7 Knapsack
¥ |7 OneMax
201712_01_OneMax_Every 5.dat
201712_01_0OnedMax_Every 10.dat
201712_01_OneMax_Fitness_Every_5.plot
201712_01_OneMax_Fitness_Every 10.plot
» [ OneMax-Fri Dec 0110.09.58 GMT 2017
Onebax-Fri Dec 01 10.08.58 GMT 2017.report.txt
10.44.22 GMT 2017

¥ OneMax.cfg

L OneMaxEvery10.svg
» | 7 PaperBag

» [ 7 Sphere

= BB TSP

27



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

2
2

Yy @

Categories:

SOUrces
Libraries

Build

@ Compiling
@ Packaging
@ Deployment
= Documenting
Run
Application

2 Web Start
License Headers
Formatting
Hints

Project Properties - JCLEC_OneMax

Configuration: = <default config> E

Runtime Platform:
Main Class:

Arguments:

Working Directory:

VM Options:

Project Platform

net.sf.jclec.RunExperiment

exampleﬂﬂnef‘uﬂaxﬁE.‘rnEMachfg

(e.g. -Xms10m)

28



Enjoy the programming!

Here’s one way to solve the OneMax optimisation problem...



Here’s one possible configuration:

<experiment>
<process algorithm-type="net.sft.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.BinArraylndividualSpecies' 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.sft.jclec.listener.PopulationReporter' >
<report-frequency>5</report-frequency>
<report-on-file>true</report-on-file>
<save-complete-population>true</save-complete-population>
<report-title>"0OneMax-""</report-title>
</listener>
</process>
</experiment>

30



One way of solving the fitness evaluation:

@Override

protected void evaluate( IlIndividual ind ) {
// Individual genotype
byte[ ] genotype = ( (BinArraylndividual)ind).getGenotype( );
int bitCount = O;

forC Int 1 = 0; 1
1T( genotype|
bitCount++;

< genotype.length; 1++ ) {
1] =1) {

}
}

Ind.setFitness( new SimpleValueFitness( bitCount ) );



Demonstration



PP e S @ (defancont. | Q- W W D B (B

(5} | Output - JCLEC_OneMax (run}

Q Ei Fitness variance = 4.881299999939678

2

& | L] Generation 25 Report

5; %% Best individual: net.sf.jclec.binarray.BinArrayIndividual@éab7a896[genotype={1,1,1,1,1,1
Worst individual: net.sf.jclec.binarray.BinArrayIndividual@3c72759f [genotype={1,1,0,1,1,:

E Median indiwvidual: net.sf.jclec.binarray.BinArrayIndividual@l4ecd45@5[genotype={1,1,1,1,1

= Average fitness = 93.32

K| Fitness variance = 4.017600000081039

n

i Generation 30 Report

g Best individual: net.sf.jclec.binarray.BinArrayIndividual@dfacfésflgenotype={1,1,1,1,1,1

&5 Worst individual: net.sf.jclec.binarray.BinArrayIndividual@6973bf95([genotype={1,1,1,1,1,:

Median indiwvidual: net.sf.jclec.binarray.BinArrayIndividual@34b7ac2f[genotype={1,1,1,1,1
Average fitness = 97.2
Fitness variance = 1.4799999999995634

Generation 35 Report

Best individual: net.sf.jclec.binarray.BinArrayIndividual@59309333[genotype={1,1,1,1,1,1
Worst individual: net.sf.jclec.binarray.BinArrayIndividual@e379eb[genotype={1,1,1,1,1,1,:
Median individual: net.sf.jclec.binarray.BinArrayIndividual@48@279ed[genotype={1,1,1,1,1
Average fitness = 98.94

Fitness variance = 2.6164002000007945

Generation 4@ Report

Best individual: net.sf.jclec.binarray.BinArrayIndividual@496lfeaf[genotype={1,1,1,1,1,1
Worst individual: net.sf.jclec.binarray.BinArrayIndividual@7494f96algenotype={1,1,1,1,1,(
Median individual: net.sf.jclec.binarray.BinArrayIndividual@76edlb7c[genotype={1,1,1,1,1
Average fitness = 99.68

Fitness variance = ©.337599999998929

Generation 45 Report

Best individual: net.sf.jclec.binarray.BinArrayIndividual@223aa2f7[genotype={1,1,1,1,1,1
Worst individual: net.sf.jclec.binarray.BinArrayIndividual@llbd@f3blgenotype={1,1,1,1,1,"
Median individual: net.sf.jclec.binarray.BinArrayIndividual@2@ccf4@b[genotype={1,1,1,1,1
Average fitness = 99.73

Fitness variance = ©.2570993999388939

Generation 5@ Report

Best individual: net.sf.jclec.binarray.BinArrayIndividual@sd44bafdalgenotype={1,1,1,1,1,1
Worst individual: net.sf.jclec.binarray.BinArrayIndividual@3646a422[genotype={1,1,1,1,1,:
Median individual: net.sf.jclec.binarray.BinArrayIndividual@4a83a74algenotype={1,1,1,1,1
Average fitness = 99.71

Fitness variance = @.22590080080127475

Algorithm finished
Job finished
BUILD SUCCESSFUL (total time: 1 second)

B @ Navigator
L

,1,1,1,1,1,1,1,1,1,1}, fitness=net.sf. jclec. fitness.SimpleValueFitness@45dd4eda[value=99.0]]
11,0,1,1,1,1,1,1,8,1},fitness=net.sf.jclec. fitness.SimpleValueFitness@222114balvalue=87.011
,1,1,1,1,1,1,1,1,1,0,1}, fitness=net.sf.jclec. fitness.SimpleValueFitness@358c99f5 [value=94.0]1

,1,1,1,1,1,1,1,1,1,1}, fitness=net.sf. jclec. fitness.SimpleValueFitness@dle3tedd [value=100.0]11]
1,e,1,1,1,1,1,1,1,1},fitness=net.sf.jclec.fitness.SimpleValueFitness@229d1@bd [value=24.0]1]

,1,1,1,1,1,1,1,1,1,1,1}, fitness=net.sf.jclec.fitness.SimpleValueFitness@E4b@b@854 [value=99.08]]

,1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec. fitness.SimpleValueFitness@7ec7ffd3[value=100.011
1,1,1,1,1,1,1,1,1}, fitness=net.sf.jclec. fitness.SimpleValueFitness@67d48805 [value=97.0]]
,1,1,1,1,1,1,1,1,1,1,1}, fitness=net.sf.jclec.fitness.SimpleValueFitness@59474f18[value=99.0811]

,1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec. fitness.SimpleValueFitness@E5d0%2a@4 [value=100.0]1]
1,1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec. Titness.SimpleValueFitness@2e377400 [value=97.0]1
,1,1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec.fitness.SimpleValueFitness@394a2528 [value=100.8]]

,1,1,1,1,1,1,1,1,1,1}, fitness=net.sf. jclec. fitness.SimpleValueFitness@l93f604a[value=100.0]1
,1,e,0,1,1,1,1,1,1,1},fitness=net.sf.jclec. fitness.SimpleValueFitness@79daddc5 [value=98.011
,1,1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec. fitness.SimpleValueFitness@l6%9e618@ [value=100.8]]

,1,1,1,1,1,1,1,1,1,1},fitness=net.st. jclec. fitness.SimplevalueFitness@ledd4aedf [value=100.0]11]
1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec.fitness.SimpleValueFitness@3e27aa33 [value=98.0]1
,1,1,1,1,1,1,1,1,1,1,1},fitness=net.sf.jclec.fitness.SimpleValueFitnessE4b29d1d2 [value=100.8]]

11 [ INS

33



110

100

Fithess

40

30

OneMax example fithess curves

=______————'>=¢ —

Best ——

Average
Worst

M

10

20

Generations

30

50

34



Workshop

Evolutionary computing
Frameworks for evolutionary computing

Java Class Library for Evolutionary Computing (JCLEC)

Optimisation problems:
1 - ‘OneMax’ Problem
2 - How to program your way out of a paper bag
3 - FizzBuzz

Genetic Programming, Genetic Improvement
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Let’s suppose there’s a canon in a paper bag

Let’s also suppose:

width of bag is 10.0,
v height of bag is 5.0.

e QOverload, 21(118):7-9, December 2013
e http://accu.org/index.php/journals/1821



http://accu.org/index.php/journals/1821

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

1
x =k Ew——vtcose
1

y=vtsin9—§gt2

x is the horizontal displacement and y the vertical displacement. The projectile will just
escape wheny>hand x< korx>k+w.

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



Fithess evaluation

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

* 3 escape
e 2 on left get “close”
e Could “close” mean height
(at edge of bag)?
e Fitness = height
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Algorithm design and parameter set up — let’s again apply some patterns...

Representation

. .y , Initialisation: random?
- how to encode a candidate solution in the population?

p Evolution: simple generational with elitism (SGE)?

Fitness ... and suggested parameters

- how to evaluate the fitness of a candidate solution?
Population size: 12 individuals

?

. Stop Criterion: 20 generations

Diversity Parent selection: tournament of 2 individuals
- how to make offspring different to parents?

40



<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.RealArraylndividualSpecies'>
<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> 41



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

]
]
v @

Categories:

Sources
Libraries

Build

@ Compiling
@ Packaging
2 Deployment
=  Documenting
Run
Application

@ Web Start
License Headers
Formatting
Hints

Project Properties - JCLEC _OneMax

Configuration:

Runtime Platform:

Main Class:

Arguments:

Working Directory:

WM Options:

<default config=>

Project Platform

net.sf.jclec. RunExperiment

examples/PaperBag/PaperBag.cfg

(e.g. -Xms 10m)
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Enjoy the programming!

Hint — think about converting the angle theta to radians before applying sin() and cos()

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



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

public class Point {
public double X;
public double y;

public P t() {

oln
0.0;
0.0;

X
y



public class PaperBag extends AbstractEvaluator {
protected boolean maximize = true;
private Comparator<IlFitness> 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 i1.e. 9.81 m/sec?
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....



One way of solving the fitness evaluation:

protected void evaluate( IIndividual 1nd ) {
// Individual genotype
double[ ] genotype = ((RealArraylndividual)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....



double fitness = 0.0;

// calculate fitness value from the parabolic trajectory points
for( Point p : pointsList ) {
1IT( p-x <= 0.0 |] p-x >= WIDTH ) {
fitness = p.y;
break;

}

ind.setFitness( new SimplevValueFitness( fitness ) );



The getPointAtTime( ) method:

private Point getPointAtTime( final double time, final double velocity,
final double theta ) {
double 1nRadians = Math.toRadians( theta ); // convert to radians

double xTemp = 0.5 * WIDTH;
double xIncrement = velocity * time * Math.cos( 1nRadians );
XTemp += xlncrement;

double yTemp = velocity * time * Math.sin( 1nRadians );
double ylIncrement = 0.5 * GRAVITY * ( time * time );
yTemp -= ylncrement;

// can"t have a negative y value - this 1s the ground!
1IT( yTemp < 0.0 ) yTemp = 0.0;

Point p = new Point( );
p.X = XTemp; p.y = ylemp;
return p;



Demonstration



[ NON ] JCLEC_OneMax - NetBeans IDE 8.1

AEES D E

(5} | Output - JCLEC_OneMax (run) &
TTETLanm InmaIvIiuoarcsy = - = "y == BN dy . == 2 ay u v uua o UG [UCNOLYpE— - 70 70 r U e LW (w oous Iy = —ITE - - = - = - - == ')~ = ULuTa vad HE—0. = oY
ﬁ b Average fitness = 8.57295523277901
s D Fitness variance = 0.0
a | E
=] 2% Generation 15 Report
Best indiwvidual: net.sf.jclec.realarray.RealArrayIndividual@3581c573[genotype={13.598527962322732,76.20177283896926},fitness=net.sf.jclec.fitness.SimpleValueFitness@2530cl2[value=8.57295523277901]]
2 Worst individual: net.sf.jclec.realarray.RealArrayIndividual@3581c5f3[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimplevValueFitness@2530c12[value=8.57295523277901]]
= Median individual: net.sf.jclec.realarray.RealArrayIndividual@3581c573[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@253@0cl2[value=8.57295523277901]]
IE| Average fitness = 8.57295523277901
" Fitness variance = 0.@
'% Generation 16 Report
= Best individual: net.sf.jclec.realarray.RealArrayIndividual@73c6c3b2[genotype={13.598527962322732,76.20177283896926},Titness=net.sf.jclec.fitness.SimpleValueFitness@64a294ab[value=8.57295523277901]]
o Worst individual: net.sf.jclec.realarray.RealArrayIndividual@73c6c3b2[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@64a294a6 [value=8.572955232779081]]
Median individual: net.sf.jclec.realarray.RealArrayIndividual@73c6c3b2[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@64a294a6(value=8.57295523277901]]
(5] Average fitness = 8.57295523277901
_ Fitness variance = 0.0
2
-% Generation 17 Report
2 Best individual: net.sf.jclec.realarray.RealArrayIndividual@7e@b37bc[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@taed@994 [value=8.57295523277901]]
=) Worst individual: net.sf.jclec.realarray.RealArrayIndividual@7e@b37bc[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@6aed®994 [value=8.57295523277901]]

Median individual: net.sf.jclec.realarray.RealArrayIndividual@7e@b37bcgenotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@6aed4@994 [value=8.57295523277901]]
Average fitness = 8.57295523277901
Fitness variance = 8.8

Generation 18 Report

Best individual: net.sf.jclec.realarray.RealArrayIndividual@la93a7calgenotype={13.598527962322732,76.20177283896926}, Titness=net.sf.jclec.fitness.SimpleValueFitness@2b@5039f [value=8.57295523277901]]
Worst individual: net.sf.jclec.realarray.RealArrayIndividual@la93a7calgenotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@2b@50839f [value=8.57295523277981]1
Median individual: net.sf.jclec.realarray.RealArrayIndividual@la93a7calgenotype={13.598527962322732,76.20177283896926},fitness=net.sf.jclec.fitness.SimplevalueFitness@2b@5039f [value=8.57295523277901]]
Average fitness = 8.57295523277901

Fitness variance = 0.@

Generation 19 Report

Best individual: net.sf.jclec.realarray.RealArrayIndividual@ele717c2[genotype={13.598527962322732,76.20177283896926},Titness=net.sf.jclec.fitness.SimpleValueFitness@ddcbadbd [value=8.57295523277901]]
Worst individual: net.sf.jclec.realarray.RealArrayIndividual@6ele717c2[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@ddcbadbd [value=8.572955232779@1]]
Median individual: net.sf.jclec.realarray.RealArrayIndividual@ele717c2[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@ddcbadbd [value=8.57295523277901]]
Average fitness = 8.572085523277901

Fitness variance = 0.0

Generation 2@ Report

Best individual: net.sf.jclec.realarray.RealArrayIndividual@4e515669 [genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@lb%9e1916 [value=8.57295523277901]]
Worst individual: net.sf.jclec.realarray.RealArrayIndividual@d4e515669 [genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@lb9e1916[value=8.57295523277901]]
Median individual: net.sf.jclec.realarray.RealArrayIndividual@4e515669[genotype={13.598527962322732,76.20177283896926}, fitness=net.sf.jclec.fitness.SimpleValueFitness@lb%e1916[value=8.57295523277901]]
Average fitness = 8.57295523277901

Fitness variance = 8.8

Algorithm finished
Job finished
BUILD SUCCESSFUL (total time: @ seconds)

195:10
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Java Class Library for Evolutionary Computing (JCLEC)

Optimisation problems:
1 - ‘OneMax’ Problem
2 - How to program your way out of a paper bag
3 - FizzBuzz

Genetic Programming, Genetic Improvement
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Rules of FizzBuzz

A typical game of FizzBuzz involves counting through a
sequence of numbers starting at one, but multiples of three are
substituted with ‘Fizz’, multiples of five are substituted with

‘Buzz’, and multiples of fifteen are substituted with ‘FizzBuzz’.



Let’s start by evolving a sequence of 100 integers...

e First define the actual sequence in the configure method in a F1zzBuzz class
e Here are some constants that might be useful...

private List< Integer > sequence; // to evolve against
private static final int SEQUENCE_SIZE = 100;

private static final Int F1ZZ = 3;
private static final Int BUZZ = 5;
private static final Int F1ZZ BUZZ = 15;

private static final Integer FIZZ IDENTIFIER 101;
private static final Integer BUZZ IDENTIFIER 102;
private static final Integer FI1ZZ BUZZ IDENTIFIER = 103;



Enjoy the programming!

Here’s one way to solve the ‘FizzBuzz as a sequence’ problem...



public void configure(Configuration settings) {
sequence = new ArraylList< >( );

for(C int 1 = 1; 1 <= SEQUENCE_SIZE; 1++ ) {
sequence.add( new Integer( 1 ) );

}

forC Int 1 = 1; 1 < sequence.size( ); 1++ ) {
int number = sequence.get( 1 );
1T( number % F1ZZ BUZZ == 0 ) {
sequence.set( 1, new Integer( F1ZZ BUZZ IDENTIFIER ) );

}
else 1T( number % BUZZ == 0 ) {

sequence.set( 1, new Integer( BUZZ IDENTIFIER ) );

}
else 1f( number % F1ZZ == 0 ) {

sequence.set( 1, new Integer( FIZZ IDENTIFIER ) );
}



Here’s the fizzbuzz.cfg file (1 of 2):

<experiment>
<process algorithm-type="net.sf.jclec.algorithm.classic.SGE">
<rand-gen-factory type="net.sf.jclec.util.random.RanecuFactory"
seed=""123456789"" />
<population-size>100</population-size>
<max-of-generations>3000</max-of-generations>

<provider type="net.sf.jclec.intarray.IntArrayCreator' />
<species type="'net.sf.jclec.intarray. IntArraylndividualSpecies"
genotype-length="100"">
<genotype-schema>
<locus type="net.sf.jclec.util.intset.Interval™
left="1" right="103" closure="closed-closed" />
<locus type="net.sft.jclec.util.intset.Interval™
left="1" right="103" closure="closed-closed" />

</genotype-schema>

</species> Continued...
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Here’s the fizzbuzz.cfg file (2 of 2):

<evaluator type=""tutorial.FizzBuzz"> </evaluator>

<parents-selector type="net.sf.jclec.selector.TournamentSelector'>
<tournament-size>2</tournament-size>
</parents-selector>

<mutator type="'net.sf.jclec.intarray.mut.OneLocusMutator™ mut-prob="0.2" />
<recombinator type=''net.sf.jclec.intarray.rec.OnePointCrossover"™ rec-prob="0.9"/>

<listener type="net.sf.jclec.listener.PopulationReporter' >
<report-frequency>10</report-frequency>
<report-on-file>false</report-on-file>
<save-complete-population>false</save-complete-population>
<report-title>FizzBuzz-</report-title>
</listener>
</process>
</experiment>
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The evaluation( ) method is almost trivial — something like ‘OneMax’?

protected void evaluate( lIndividual ind ) {
int [] genotype = ( ( IntArraylndividual ) ind ).getGenotype( );

int matchCount = O;

forC int 1 = 0; 1 < genotype.length; 1++ ) {
1T( genotype][ 1 ] == sequence.get( 1 ) ) {
matchCount++;
+
+

ind.setFitness( new SimpleValueFitness( matchCount ) );



Demonstration



But there’s a problem with this approach....

* How do you write the fitness function without writing code to
generate the correct values?

 What properties do we need?
 Listen to @KevlinHenney



every result is 'Fizz', 'Buzz', 'FizzBuzz' or a decimal string,
every decimal result corresponds to its ordinal position,

every third result contains 'Fizz',

every fifth result contains 'Buzz’,

every fifteenth result is 'FizzBuzz',

the ordinal position of every 'Fizz' result is divisible by 3,

the ordinal position of every 'Buzz' result is divisible by 5,

the ordinal position of every 'FizzBuzz' result is divisible by 15
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actual = [fizzbuzz(n) for n in range(1l, 101)]

truths = [
all(a in {'Fizz', 'Buzz', 'FizzBuzz'} or a.isdecimal() for a in actual),
all(int(a) == n for n, a in enumerate(actual, 1) if a.isdecimal()),

all1('Fizz' in a for a in actual[2::3]),
all1('Buzz' in a for a in actual[4::5]),
all(a == 'FizzBuzz' for a in actual[14::15]),

all(n % 3 == 0 for n, a in enumerate(actual, 1) if a == 'Fizz'),
all(n % 5 == 0 for n, a in enumerate(actual, 1) if a == 'Buzz'),
all(n % 15 == 0 for n, a in enumerate(actual, 1) if a == '"FizzBuzz')

]
assert all(truths)
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Change the array to a tree

* Previous genotypes were “list/array”
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e What if we use trees?

e What do trees make? 2
e Code ONO
ONORORO



But JCLEC doesn’t specifically offer AST
representations... and that looked a bit like Python...

Distributed Evolutionary Algorithms
in Python (DEAP)

https://deap.readthedocs.io/en/master/

MNext topic
Overview

This Page

Show Source

Docs for other
versions

DEAP 1.0 (Stable)
DEAP 0.9

Other resources

Downloads
Issues
Mailing List
Twitter

Quick search

DEAP documentation

DEAP is a novel evolutionary computation framework for rapid
prototyping and testing of ideas. It seeks to make algorithms
explicit and data structures transparent. It works in perfect
harmony with parallelisation mechanism such as multipro-
cessing and SCOOP. The following documentation presents

DISTRIBUTED
EVOLUTIONARY
ALGORITHMS IN
PYTHON

the key concepts and many features to build your own evolutions.

First steps:

o Porting Guide
Basic tutorials:
o Part 2: operators and algorithms
o Part 3: logging statistics
o Part 4: using multiple processors
Advanced tutorials:
o Genetic Programming
o Checkpointing
o Constraint Handling
o Benchmarking Against the Bests (BBOB)
o Inheriting from Numpy
Examples
Library Reference
Release Highlights
Contributing
About DEAP

Getting Help
Having trouble? We'd like to help!

* Search for information in the
archives of the deap-users mailing
list, or post a question.

¢ Report bugs with DEAP in our issue
tracker.

65



https://deap.readthedocs.io/en/master/

So let’s evolve a tree

https://deap.readthedocs.io/en/master/tutorials/advanced/gp.html

e You add a primitive set,
pset = PrimitiveSet("main', 2)

e Add function and number operators:
pset.addPrimitive(max, 2)
pset.addPrimitive(operator.add, 2)
pset.addPrimitive(operator.neg, 1)

e Or values:
pset.addTerminal (3)

 Then generate trees:
expr = genFull(pset, min_=1, max =3)
tree = PrimitiveTree(expr)
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https://deap.readthedocs.io/en/master/tutorials/advanced/gp.html

For Fizz Buzz

def 1f_then_else(X,y,z):
it x:
return y
else:
return z

def mod3(x):
return operator.mod(x, 3) == 0

def mod5(x):
return operator.mod(x, 5) == 0

def modl5(x):
return operator.mod(x, 15) == 0

def both(x, y):
return x and y

def either(x, y):
return X or y

Can get it to find numbers, e.g.

pset.
pset.
pset.

pset.
pset.

pset.

pset.
pset.
pset.
pset.

pset.
pset.
pset.

pset.addEphemeralConstant(*'rand101",

But don’t have a working example yet

= gp-PrimitiveSet("'MAIN", 1)
addPrimitive(operator.add, 2
addPrimitive(operator.sub, 2
addPrimitive(operator.mul, 2
addPrimitive(both, 2)
addPrimitive(either, 2)
addPrimitive(operator.mod, 2)
addPrimitive(ift_then else, 3)
addPrimitive(mod3, 1
addPrimitive(mod5, 1
addPrimitive(modl5, 1)
addTerminal ("'Buzz"
addTerminal ("'"Fizz"
addTerminal ("'"F1zzBuzz'")

lambda: random.randint(-1,1))



Evolve...

creator.create("'FitnessMax', base.Fitness, weights=(1.0,))
creator.create("'Individual', gp-PrimitiveTree,
fitness=creator.FitnessMax)
toolbox = base.Toolbox() & genral TAnGhal? does grow 50% or
toolbox.register("expr', gp.genHalfAndHalf, # time, Full 50%
pset=pset, min_=1, max_=2)
toolbox.register('individual', tools.initlterate,
creator.Individual, toolbox.expr)
toolbox.register(population’, tools.initRepeat, list,
toolbox. individual)
toolbox.register('compile™, gp.compile, pset=pset)



Fitness...

def fizz_buzz(func, points):
passed = 0
def safe_run(func, Xx):

try:

return func(x)
except:

return -1

results = [safe_run(func, x) for x iIn points

it

it

it
if

if
if
if
if

every result_is Fizz Buzz FizzBuzz_or_a decimal(results):
passed += 1
every_decimal_result_corresponds _to i1ts ordinal _position(results):
passed += 1

every_third_result _contains Fizz(results):
passed += 1

every_ Tifth_result _contains Buzz(results):
passed += 1

every_ Tifteenth _result _contains_Fi1zzBuzz(results):
passed += 1

the _ordinal_position_of every Fizz _result_is divisible by 3(results):
passed += 1

the _ordinal_position_of every Buzz result_is divisible by 5(results):
passed += 1

the _ordinal_position_of every Fi1zzBuzz result _is _divisible by 15(results):
passed += 1

return passed



def register(fn): #e.g. our Fizz buzz tests fitness function

def eval(individual, points): # This 1s our custom evaluation function
# Transform the tree expression in a callable function
func = toolbox.compile(expr=individual)
# Evaluate the result, somehow
return fn(func, points),

toolbox.register(“'evaluate', eval, points=range(101)) # and we register it here
toolbox.register(*'select', tools.selTournament, tournsize=3)
toolbox.register(“'mate™, gp.cxOnePoint)

toolbox.register(expr_mut', gp.genFull, min_=0, max_=2)
toolbox.register('mutate’, gp-mutUniform, expr=toolbox.expr_mut, pset=pset)

toolbox.decorate(""'mate', gp.staticLimit(key=operator.attrgetter(*'height'), max_value=17))
toolbox.decorate("'mutate', gp.staticLimit(key=operator.attrgetter("height'), max value=17))

def main():
random.seed(318)
register(fizz_buzz)
pop = toolbox.population(n=4000)
hof = tools.HallOfFame(1l) #The best

pCrossover = 0.75

pMutation = 0.5

nGen = 75

pop, log = algorithms.eaSimple(pop, toolbox, pCrossover, pMutation, nGen, halloffame=hot)
#can add other stats

return pop, log, hof
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The Hof

if then_else(mod15(if then_else(if then_else(mul(x, 'FizzBuzz'), 'FizZ',
'‘Buzz'), x, if_then_else('Buzz', 'FizzBuzz', mod3(x)))), 'FizzBuzz',

if then_else(both(if then else(if then else(mod15(x),
either('FizzBuzz', 'FizzBuzz'), 'FizzBuzz'), if then_else('FizzBuzz',
mod15(mod5(x)), 'Buzz'), 'Buzz'), if then else('Fizz', 'Buzz/,

if then else('FizzBuzz', if then else(if _then_ else('Buzz’,

if then_else(if _then _else(mod3(x), x, 'FizzBuzz'), if then_else(x, x,
either('Buzz', 'Buzz')), x), 'Fizz'), 'Fizz', x),

if then_else(either(if then else(x, x, mod3(x)), 'FizzBuzz'), 'Fizz',
'Fizz')))), if _then_ else(mod15(x), either('FizzBuzz', either('Buzz’, x)),
if then_else(mod3(x), 'Fizz', x)), 'Buzz'))
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Workshop

Evolutionary computing
Frameworks for evolutionary computing

Java Class Library for Evolutionary Computing (JCLEC)

Optimisation problems:
1 - ‘OneMax’ Problem
2 - How to program your way out of a paper bag
3 - FizzBuzz

Genetic Programming, Genetic Improvement
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Genetic Programming (GP) - evolution of a tree structure

Evolves the ‘innards’ (white box) of a function or expression

Each tree node is an operator or variable, o
or a terminal node. R e
Used widely to evolve functions for @ (+) @ o3
onN 5 Kozs * Curve fitting e @ @
)

e Circuit board design

 Data modelling (22-(35) )+ (7 cosy

e Symbolic regression

* Featu re Select|on https://en.wikipedia.org/wiki/Genetic_programming#/
.. . media/File:Genetic_Program_Tree.png

* Classification




Could we use GP to evolve source code e.g. for FizzBuzz?

Well, using AST representations, as we saw above, yes!

BUT GP doesn'’t always scale well (e.g. due to ‘code bloat” with crossover) and

code doesn’t look like what a human programmer would produce!!!!

So in practice, maybe better to start with an existing body of code
and use ‘Genetic Improvement’ (Gl) e.g.

Abstract—Genetic improvement (G1) uses automated search to
find improved versions of existing software. We present a com-
prehensive survey of this nascent field of research with a focus
on the core papers in the area published between 1995 and 2015,
‘We identified core publications including empirical studies, 96 %
of which use evolutionary algorithms (genetic programming in
particular). Although we can trace the foundations of
to the origins of computer science itself, our anal
significant upsurge in activity since 2012, G1 has resulted in dra-
matic performance improvements for a diverse set of properties
such as execution time, energy and memory consumption, as well
as results for fixing and extending e ng system functionality.
Moreover, we present examples of research work that lies on the
between GI and other areas, such as program trans-
L, approximate comy e,
the intention of encouraging further exc
researchers in these fields.

1 software repair, with
ange of ideas between

Index Terms—~Genetic improvement (GI), survey.

IEEE TRANSACTIONS ON EVOLUTIONARY COMPUTATION, VOL. 22, NO. 3, JUNE 2018 115

Genetic Improvement of Software:
A Comprehensive Survey

Justyna Petke, Saemundur O. Haraldsson, Mark Harman, Member, IEEE, William B. Langdon,
David R. White, and John R. Woodward

Recent work on GI has received notable awards, demon-
strating 1ts acceptance and success within the wider software
engineering and evolutionary computation communities. For
example, work on GI for software repair and special-
ization won four “"Humies™ [1]-]5], awarded for human-
competitive results produced by genetic and evolutionary
computation [6]. Several papers on GI also won distinguished
paper awards [1], [5] and technical challenges [7]. GI has also
been the subject of attention from the broadeast media, as well
as popular developer magazines, websites, and blogs [8]<[11],
demonstrating its influence and reach beyond the research
community to the wider developer community and the public
at large.

This survey of 3132 distinct titles found, resulted in the
identification of 66 core GI papers.! However, Gl research
draws on and potentially influences many other areas in soft-

gintool

[l Repositories 1 Feople o Projects o

Ej Grow your team on GitHub

GitHub is home to over 21 million developers working together. Join them
development teams, manage permissions, and collaborate on

Type: All - Language: All -

gin
Glin No Time - a Simple Microframework for Genetic Improvement

@lava K12 Y3 Mt  4issuesneedhelp  Updated on 4 Sep 2018
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For further information:

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOl 10.1109/TSE.2015.2803055, 1B
Transactions on Software Engineering

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. XX, NO. X, MONTH YEAR 1

Genetic Algorithms A Systematic Review of Interaction in
and Machine Learnjng Search-Based Software Engineering
for Progranmlers Aurora Ramirez, José Raul Romero, Member, IEEE, and Christopher L. Simons

Abstract—Search-Based Software Engineering (SBSE) has been successfully applied to automate a wide range of software
development activities. Nevertheless, in those software engineering problems where human evaluation and preference are crucial,
such insights have proved difficult to characterize in search, and solutions might not look natural when that is the expectation. In an

Create AI Models attempt to address this, an increasing number of researchers have reported the incorporation of the 'human-in-the-loop’ during search
. and interactive SBSE has attracted significant attention recently. However, reported results are fragmented over different development
f - phases, and a great variety of novel interactive approaches and algorithmic techniques have emerged. To better integrate these
e —

results, we have performed a systematic literature review of interactive SBSE. From a total of 869 papers, 26 primary studies were
identified. To enable their analysis, we formulated a classification scheme focused on four crucial aspects of interactive search, i.e. the
problem formulation, search technique, interactive approach, and the empirical framework. Our intention is that the classification
scheme affords a methodological approach for interactive SBSE. Lastly, as well as providing a detailed cross analysis, we identify and
discuss some open issues and potential future trends for the research community.

Index Terms—Search-Based Software Engineering, Interaction, Systematic Literature Review, Optimization
+

1 INTRODUCTION

T He design and development of complex, large-scale based problems in the software development lifecycle, this
software systems can be non-trivial and challenging may also be challenging [6] (chapter 9).
In addition, results of automated search approaches

for the software engineer to perform. In an attempt to

PR n e T 1

Frances Buontempo
edited by Tammy Coron
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Thanks!

Fran Buontempo
@Fbuontempo
frances.buontempo@gmail.com
overload@accu.org
https://pragprog.com/book/fbmach/genetic-
algorithms-and-machine-learning-for-programmers

Chris Simons
@chrislsimons
chris.simons@uwe.ac.uk UWE .
www . Fet.uwe.ac.uk/~clsimons Bristol | ewin

University
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