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1 What is Encog?

Encog is an Artificial Intelligence (Al) Framework for Java and .Net. Though Encog
supports several areas of Al outside of neural networks, the primary focus for the Encog
2.x versions is neural network programming. Tdesumentvas published as Encog 2.3
was being released. It should stay very compatible with later editions of Encog 2. Future
versions in the 2.x series will attempt to add functionality with minimal disruption to
existing code.

1.1 The History of Encog

The first vesion of Encog, version 0.5 was released on July 10, 2008. However, the
code for Encog originates from the first edi
Javao, whi ch | published in 2005. This bo
Oriented Neral Engine (JOONE). Basing my book on JOONE proved to be
problematic. The early versions of JOONE were quite promising, but JOONE quickly
became buggy, with future versions introducing erratic changes that would frequently
break examples in my book. Ax 2010, with the writing of this book, the JOONE
project seems mostly dead. The | ast rel eas
occurred in 2006. As of the writing of this book, in 2010, there have been no further
JOONE releases.

The second editn of my book used 100% original code and was not based on any
neur al net work API. This was a better env
Net works for Javal/ C#0 books, as | could giwv
neural networks, rather thdow to use an API. This book was released in 2008.

| found that many people were using the code presented in the book as a neural
network APIl. As a result, | decided to package it as such. Version 0.5 of Encog is
basically all of the book code comied into a package structure. Versions 1.0 through
2.0 greatly enhanced the neural network code well beyond what | would cover in an
introduction book.

The goal of my #Alntroduction to Neur al Net
how to implement k&ic neural networks of their own. The goal of this book is to teach
someone to use Encog to create more complex neural network structures without the need
to know how the underlying neural network code actually works.

These two books are very much meianbe read in sequence, as | try not to repeat too
much information in this book. However, you should be able to start with Encog if you
have a basic understanding of what neural networks are used for. You must also
understand the Java programming lamgguaParticularly, you should be familiar with the
following:

I Java Generics
 Collections
1 Object Oriented Programming
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Before we begin examining how to use Encog

problems Encog might be adept at solving. Neural nédsvare a programming
technique. They are not a silver bullet solution for every programming problem you will
encounter. There are some programming problems that neural networks are extremely
adept at solving. There are other problems for which neatadanks will fail miserably.

1.2 Problem Solving with Neural Networks

A significant goal of thisdlocumentis to show you how to construct Encog neural
networks and to teach you when to use them. As a programmer of neural networks, you
must understand whichrgblems are well suited for neural network solutions and which
are not. An effective neural network programmer also knows which neural network
structure, if any, is most applicable to a given problem. This section begins by first
focusing on those problentisat are not conducive to a neural network solution.

1.2.1 Problems Not Suited to a Neural Network Solution

Programs that are easily written out as flowcharts are examples of problems for
which neural networks are not appropriate. If your program consisteelb-defined
steps, normal programming techniques will suffice.

Another criterion to consider is whether the logic of your program is likely to
change. One of the primary features of neural networks is their ability to learn. If the
algorithm used tsolve your problem is an unchanging business rule, there is no reason
to use a neural network. In fact, it might be detrimental to your application if the neural
network attempts to find a better solution, and begins to diverge from the desired process
ard produces unexpected results.

Finally, neural networks are often not suitable for problems in which you must
know exactly how the solution was derived. A neural network can be very useful for
solving the problem for which it was trained, but the abaetwork cannot explain its
reasoning. The neural network knows something because it was trained to know it. The
neural network cannot explain how it followed a series of steps to derive the answer.

1.2.2 Problems Suited to a Neural Network

Although thereare many problems for which neural networks are not well suited,
there are also many problems for which a neural network solution is quite useful. In
addition, neural networks can often solve problems with fewer lines of code than a
traditional programminglgorithm. It is important to understand which problems call for
a neural network approach.

Neural networks are particularly useful for solving problems that cannot be
expressed as a series of steps, such as recognizing patterns, classificatien, serie
prediction, and data mining.



Introduction ® Encog 2.3 8

Pattern recognition is perhaps the most common use for neural networks. For this
type of problem, the neural network is presented a pattern. This could be an image, a
sound, or any other data. The neural network thematgeto determine if the input data
matches a pattern that it has been trained to recognize. There will be many examples in
this documenbf using neural networks to recognize patterns.

Classification is a process that is closely related to patteogmémn. A neural
network trained for classification is designed to take input samples and classify them into
groups. These groups may be fuzzy, lacking clearly defined boundaries. Alternatively,
these groups may have quite rigid boundaries.

As you readthough thisdocumentyou will undoubtedly have questions about the
Encog Framework. One of the best places to go for answers is the Encog forums at
Heaton Research. You can find the Heaton Research forums at the following URL.:

http://www.heatonresearch.com/forum
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2 Installing and Using Encog

1 Downloading Encog
1 Running Examples
1 Running the Workbench

This appendix shows how to install and use Encog. This consists of downloading
Encog from the Encog Web site, installing and theming the examples. You will also
be shown how to run the Encog Workbench. Encog makes use of Java. This appendix
assumes that you have already downloaded and installed Java JSE version 1.6 or later on
your computer. The latest version of Java camnld@&nloaded from the following Web
site:

http://java.sun.com/

Java is a crosplatform programming language, so Encog can run on a variety of
platforms. Encog has been used on Macintosh and Linux operating systems. However,
this appendix assumes that yate using the Windows operating system. The screen
shots illustrate procedures on the Windows 7 operating. However, Encog should run just
fine on Windows XP or later.

It is also possible to use Encog with an IDE. Encog was developed primary using the
Edipse IDE. However, there is no reason why it should not work with other Java IDE's
such as Netbeans or IntelliJ.

2.1 Installing Encog
You can always download the latest version of Encog from the following URL:

http://www.encog.org

On this page, you will finé link to download the latest version of Encog and find the
following files at the Encog download site:

1 The Encog Core

1 The Encog Examples

1 The Encog Workbench

1 The Encog Workbench Source Code

For thisdocument you will need to download the first three §iléEncog Core, and
Encog Examples and Encog Workbench). There will be several versions of the
workbench available. You can download the workbench as a Windows executable, a
universal script file, or a Macintosh application. Choose the flavor of thebewnck that

is most suited to your computer. You do not need the workbench source code to use this
document

You should extract the Encog Core and Examples files for this first example. All of
the Encog projects are built using ANT scripts. You can plaaiopy of ANT from the
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following URL.
http://ant.apache.org/

Encog contains an API reference in the core download. This documentation is
contained in the standard Javadoc format. Instructions for installing Ant can be found at
the above Web site. If you are going to use Encog with an IDE, it is not necessary to
install Ant. Once you have correctly installed Ant, you should be able to issaetthe
command from aommand prompt. Figure.2 shows the expected output of el
command.

Figure 21: Ant Successfully Installed

B Command Prompt | =DAch X

Microsoft Windows [Version 6.1.76881
Copyright (c> 2889 Microsoft Corporation. HAll rights reserved.

C:sUserssjheaton>ant

Buildfile: build.xml does not exist?
Build failed

C:sUserssjheaton>_

You should also extract the Encog Cdetecog Examples and Encog Workbench files
into local directories. This appendix will assume that they have been extracted into the
following directories:

1 c:\encogjavacore2.3.0
1 c:\encogjavaexamples2.3.0
1 c:\encogworkbenchwin-2.3.0

Now that you hag installed Encog and Ant on your computer, you are ready to
compile the core and examples. If you only want to use an IDE, you can skip to that
section in this Appendix.

2.2 Compiling the Encog Core

Unless you would like to modify Encog itself, it is unlikehat you would need to
compile the Encog core. Compiling the Encog core will recompile and rebuild the Encog
core JAR file. It is very easy to recompile the Encog core using Ant. Open a command
prompt and move to the following directory.

c: \encog - java -core -2.3.0 \

From here, issue the following Ant command.
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ant

This will rebuild the Encog core. If this command is successful, you should see output
similar to the following:

C:\ encog - java - core - 2.3.0>ant
Buildfile: build.xml

init:
compile:

doc:

[lavad oc] Generating Javadoc

[javadoc] Javadoc execution

[javadoc] Loading source files for package org.encog...

[javadoc] Loading source files for package
org.encog.bot...

[lavadoc] Loading source files for package
org.encog.bot.browse...

[javadoc] Loading source files for package
org.encog.bot.browse.extract...

[javadoc] Loading source files for package
org.encog.bot.browse.range...

[lavadoc] Loading source files for package
org.encog.bot.dataunit...

[lavadoc] Loading source files for package
org.encog.bot.rss...

[javadoc] Loading source files for package
org.encog.matrix...

[javadoc] Loading source files for package
org.encog.neural...

[lavadoc] Loading source files for package
org.encog.neural.activation...

[lavadoc] L  oading source files for package
org.encog.util.math...

[lavadoc] Loading source files for package
org.encog.util.math.rbf...

[javadoc] Loading source files for package
org.encog.util.randomize...

[javadoc] Loading source files for package
org.encog.u til.time...

[lavadoc] Constructing Javadoc information...

[javadoc] Standard Doclet version 1.6.0_16

[javadoc] Building tree for all the packages and
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classes...

[javadoc] Building index for all the packages and
classes...

[javadoc] Building index for all classes...
dist:

BUILD SUCCESSFUL
Total time: 4 seconds
C:\encog - java - core - 2.3.0>

This will result in a new Encog core JAR file being placed inside dffihedirectory.

2.3 Compiling and Executing Encog Examples

The Encog examples are placed irhiararchy of directories. The root example
directory is located here.

c: \ encog - java - examples -2.3.0 \

The actual example JAR file is placed inlia  subdirectory off of the above
directory. The examples archive that you downloaded already contains sBhfiteJ
It is not necessary to recompile the examples JAR file unless you make changes to one of
the examples. To compile the examples, move to the root examples directory, given
above.

2.3.1 Third-Party Libraries Used by Encog

Encog makes use of several thparty libraries. These third party libraries provide
Encog with needed functionality. Rat her
these thireparty libraries for needed functionality. That being said, Encog does try to
limit the number of thd-party libraries used so that installation is not terribly complex.
The thirdparty libraries are contained in the following directory:

c: \encog - java -core -2.3.0 \jar \
You will see the following JAR files there.

1 hsqgldb.jar

1 junit-4.6.jar

1 sl4j-apil.5.6.jar

1 sl4j-jdk14-1.5.6.jar

You may see different version numbers of these JARs as later versions will be released
and included with Encog. These names of these JARs are listed here.

1 The Hypersonic SQL Database
T JUnit

t
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1 Simple Logging Facade for Java (SLF4J)
1 SLRJInterface for JDK Logging

The Hypersonic SQL database is used internally by the Encog Unit Tests. As a result,
the HSQL JAR does not need to be used when Encog is actually run. The same is true for
JUnit, which is only used for unit tests.

The two SLF4JARs are required. Encog will log certain events to make debugging
and monitoring easier. Encog uses SLF4J to accomplish this. SLF4J is not an actual
logging system, but rather a facade for many of the popular logging systems. This allows
frameworks, ach as Encog, to not need to dictate which logging API's an application
using their framework should use. The SLF4J JAR must always be used with a second
SLF4J JAR file which defines what actual logging API to use. Here we areding
jdk14 -1.5.6.jar , Which states that we are using the JDK logging features that are
built into Java. However, by using a different interface JAR we could easily switch to
other Java logging systems, such as LOG4J.

2.3.2 Running an Example from the Command Line

When you execute dava application that makes use of Encog, the appropriate third
party JARs must be present in the Jaimsspath . The following command shows
how you might want to execute thi®RResilient  example:

java -server - classpath. \ jar \ encog - core -
2.3.0.jar;. \jar \slf4j -api - 1.5.6.jar;. \jar \slf4j -jdk14 -
1.5.6.jar;. \lib \ encog - examples - 2.3.0.jar

org.encog.examples.neural.xorresilient. XORResilient

If the command does not work, make sure that the JAR files located lib thand
Jar_ directories are present and namedrectly. There may be new versions of these
JAR files since this document was written. If this is the case, you will need to update the
above command to match the correct names of the JAR files.

The examples download for Encog contains many examplaes.Efcog examples are
each designed to be relatively short, and are usually console applications. This makes
them great starting points for creating your own application to use a similar neural
network technology as the example you are using. To ruffeaetit example, specify
the package name and class name as was done abo\eHéresilient

You will also notice from the above example thattserver option was specified.
This runs the application in fAJavaatotBer ver Mc
regular client mode. Programs run the same way, except in server mode it takes longer to
start the program. But for this longer load time, you are rewarded with greater processing
perfor mance. Neur al net worgk iappelnisceadt.i o nAss aar
it always pays to run them in AServer Modeo.
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2.4 Using Encog with the Eclipse IDE

The examples can also be run from an IDE. | will show you how to use the examples
with the Eclipse IDE. The examples download comes with the necdsshpge IDE
files. As a result, you can simply import the Encog examples into Eclipse. Eclipse is not
the only IDE with which Encog can be used. Encog should work fine with any Java IDE.
Eclipse can be downloaded from the following URL.:

http://www.ecl ipse.org/

Once Eclipse has been started you should choose to import a project. To do this

choose Al mporto from the AFil ed menu. Once

Eclipse Import dialog box, as seerFigure 22.

Figure 2: Import into Eclipse

= Import l B |
Select
™,
Choose import source. ‘ ? - 5 I
Select an import source:
= General
(= CVs
(= Run/Debug
(= SVN
== Tasks
&= Team
= XML
L@j < Back Mext = Finish

From the Al mport into Eclipseo di al og

Wor kspaceo. This wil|l al |l ow vydiguret28. choose

b «
t
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Figure 23: Choose Source Folder
Browse For Folder I@*

Select root directory of the projects to import

4 | encog-java-examples-23.0 -
jar

. lib

| src
Intel

m

java
Program Files

Tmn S
Folder:  encogeava-examples-2.3.0
| [ MakemewFoder | [ ok | [ cancal

You should choose whichever directory you installed theof examples into, such as
the following directory:

c: \ encog - java - examples -2.3.0 \

Once you have chosen your directory, you will be given a list of the projects available
in that directory. There should only be one project, as showigure 24.

Figure2.4: Choose the Project to Import

= Import = B |l
Import Projects -
Select a directory to search for existing Eclipse projects. /
-
© Selc o drectoy:  Cencog-jve-sarmples 230
() Select archive file: Browse...
Projects:
encog-examples (Chenceg-java-examples-2.3.0) Select All
Deselect All
[] Copy projects into workspace

Once the project has been imported, it will appear as a folder inside of the IDE. This
folder wil/l have a ARed X0 over it i f any s
an import error irFigure 25.
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Figure &: A Project with Errors
= sova- etz patorm

File Fdit Source Refactor Mavigate Sesrch Project Run Window Help

wije FErO-QL- EHEC-~ = [fava )

[ M= g - - - -
[2 Pack 53 . Te Hierar| Julunit) = O = B[ B Task List 2 =0
ERIE fTAE~|Ee~
] -

> Bcncagssamples Find: yoAl
EE Qutline &2 =0
=

An outline is not available.

[L Probl | @ Javad @) Declar | & Conso &2 =0

No conseles to display at this time. o A

encog-examples

If you had any errors importing the project, the next section describes how to address
them. If there were no errors, you can safely skip the next section and continue with
AExecuting an Exampl eo.

2.4.1 Resolving Path Errors

It is notunusual to have errors when importing the Encog examples project. This is
usually because Eclipse failed to figure out the correct paths of the JAR files used by the
examples. To fix this, it is necessary to remove, and thaddd¢he JAR files used llge
examples. To do this, right click the project folder in Eclipse and choose properties.
Select fiJava Buil #Figupr&é. ho, and you will see

Figure 26: The Java Build Path

2 Properties for encog-sxamples =HA0H X
type filter text Java Build Path RSV 4
Resource
&
Builders ‘ (% Source | L= Projects| B Libraries | & Order and Btportl
Java Build Path JARs and class folders on the build path:
Java Code Style (o encog-core-2.3.0,jar - C:\Users\jeff\Documents Add JARs...
Java Compiler (s hsgldh,jar - encog-examples/jar
Java Editor PRI ps e Add External JARs...
Javadoc Location = elftieidild-15.6.iar - . :
Doorecs Rt oa slfdj-jdk14-1.5.6,jar - encog-examples/jar Add Variable...
roject References =, JRE System Library [jre6]
Refactoring History Add Library...
Run/Debug Settings
Task Repository Add Class Folder...
Task Tags
Validation Add External Class Folder...
Edit...
Migrate JAR File...

Select the four JAR files used by the exam
are removed, you must-eeld them so the examples will compile. To add the JAR files
select the AAdd JARsO button. Thi shatwi | | pro
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allows you to navigate to the four required JAR files. They will be located in the
following directory:

c: \ encog - java - examples -2.3.0 \jar \
Figure 27 shows the four JAR files being selected.

Figure 27: JAR Files
& irseecion

Choose the archives te be added to the build path:

jar,~.zip

a2 encog-examples
4 = jar

|4/, hsqldb jar

enceg-core-2.30.jar

4] slf4j-api-156.jar
4] slf4j-jdid4-1.5.6 jar
& lib

Now that the JAR files have beselected, there should be no errors remaining. We
are now ready to run an example.

2.4.2 Running an Example

To run an example, simply navigate to the class that you wish to import in the IDE.
Ri ght click the class and c¢howas eAmRiuinc aAtsioo na
This will run the example, and show the output in the IDEigure 28 shows the
ADALINE example run from the IDE.
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Figure 28: The ADALINE Example

ﬁ]avﬂ - Eclipse Platform :LE.L )

File Edit Source Refactor Mavigate Search Project Run Window Help

wih -0 Q- BHE- S S e e = [Fae)

[£ Pack 2 e Hierar| Juunit) = B Bl TaskList 53 = Eq
=] G:D‘ Ca 2= Outline 23

=g

Pl :.;‘J encog-examples
a 8 sc Ei Problems (@ Javadoc (@ Declaration (E Console &2
4 B ggg‘snfog‘aamples <terminated> AdalineDigits [Java Application] C:\jay ® &‘ By 5§| ®? B
ol o => T
4 [ neural i
4 [ adaline
1+ 1] AdalineDigits.jav
- B artartl
i bam
i i benchmark
i+ i boltzmann
- 5 epn
- 5B gui
» [ hopfield
- E persist
b G predict
i g recurrant
- i som
- H util

i 3

org.encog.examples.neural.adaline. AdalineDigits.java - encog-examples/src
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3 Introduction to Encog

1 The Encog Framework

1 What is a Neural Network?

1 Using a Neural Netwi

1 Training a Neural Network

Artificial neural networks are programming techniques that attempt to emulate the
human brain's biological neural networks. Atrtificial neural networks (ANNS) are just one
branch of artificial intelligence (Al). Thidocumenfocuses primarily on artificial neural
networks, frequently called simply neural networks, and the use of the Encog Artificial
Intelligence Framework, usually just referred to as Encog. Encog is an open source
project that provides neural network and HTAd® functionality.

This documentexplains how to use neural networks with Encog and the Java
programming language. The emphasis is on how to use the neural networks, rather than
how to actually create the software necessary to implement a neural knet#wncog
provides all of the lowevel code necessary to construct many different kinds of neural
networks. If you are interested in learning to actually program the internals of a neural
net wor k, using Java, you maontotNeural Netvekse st ed i
with Javaael6Od3ao®&N: 978

Encog provides the tools to create many different neural network types. Encog
supports feedforward, recurrent, self organizing maps, radial basis function and Hopfield
neural networks. The lovevd types provided by Encog can be recombined and
extended to support additional neural network architectures as well. The Encog
Framework can be obtained from the following URL:

http://www.encog.org/

Encog is released under the Lesser GNU Public Licens@I(J.GAIll of the source
code for Encog is provided in a Subversion (SVN) source code repository provided by
the Google Code project. Encog is also available for the Microsoft .Net platform.

Encog neural networks, and related data, can be stored in €8G Tihese files can be
edited by a GUI editor provided with Encog. The Encog Workbench allows you to edit,
train and visualize neural networks. The Encog Workbench can also generate code in
Java, Visual Basic or C#. The Encog Workbench can be downldeaoi® the above
URL.

3.1 What is a Neural Network?

We will begin by examining what exactly a neural network is. A simple feedforward
neural network can be seen kiigure 31. This diagram was created with the Encog
Workbench. It is not just a diagram; thssan actual functioning neural network from
Encog as you would actually edit it.
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Figure 3L: Simple Feedforward Neural Network
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Networks can also become more complex than the simple network abimuge 32
shows a recurrent neural network.

Figure 2: Simple Recurrent Neural Network

Looking at the above two neural networks you will notice that they are composed of
layers, represented by the boxes. These layers are connected by lines, which represent
synapses. Synapses and layers are the prilmaitging blocks for neural networks
created by Encog. The next chapter focuses solely on layers and synapses.

Before we |l earn to build neural net wor ks w
what exactly a neural network is. Look at Figures hd &.2. They are quite a bit
different, but they share one very important characteristic. They both contain a single








































































































































































































































































