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About the CEPT and ECO

The European Conference of Postal and Telecommunications Administrations (CEPT) is an organisation where policy makers and regulators from 48 countries across Europe collaborate to harmonise telecommunication, radio spectrum and postal regulations. 
The European Communications Office (ECO) is the Secretariat of the CEPT. It provides advice and support to CEPT to help it to develop and deliver its policies and decisions in an effective and transparent way.  Its core duties are to provide a European centre of expertise in electronic communications, to contribute to the work of the three CEPT committees and to manage CEPT’s day-to-day activities.
ECO further supports CEPT member countries and other stakeholders providing a forum to debate and advance European communications policy for the benefit of all Europe’s citizens. 
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 Introduction

ECO (European Communications Office) is responsible for the software software tool, named SEAMCAT (Spectrum Engineering Advanced Monte Carlo Analysis Tool), which is based on the Monte-Carlo simulation method, to enable statistical modelling of different radio interference situations.  It has been developed to deal with a complex range of spectrum engineering and radio compatibility problems.

The ECO provides the SEAMCAT source code (product version). The source code for SEAMCAT-3 is made available for scrutiny. 

The only condition for obtaining a copy of the source code is to sign a special Source Code User Licence Agreement and deliver it to ECO (either by fax, email or mail post). 

http://tractool.seamcat.org/wiki/Manual/SourceCode
In the early age of SEAMCAT, the Eclipse development tool was used and description was provided to use it. With the development of SEAMCAT 5.0.0 and the introduction of the maven project (better handling of the dependencies for such a project size), it was felt easier to use the IntelliJ Idea development tool compare to Elcipse. Therefore, the Eclipse information have been moved to the end of this manual compare to previous versions and are only left here in cases where someone still want to develop with this tool, otherwise, it is recommended to use the IntelliJ Idea when developing SEAMCAT

Requirement: you need to have administrator right to your machine to download software and to set up your path and you need to have JAVA installed.
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 The basic: Java, Maven, System path

2.1 Installing Java

Go to google (www.google.com) and search for the JDK developer kit, “download java development kit”.  You will get to download a .zip file. Note that the version of the JDK are changing quite regularly, therefore the version presented in this manual may not be up-to-date when you read it, but the spirit is the same.
Note that the JDK (Java development kit) includes the JRE (Java Runtime Environment).
1. Java Development Kit (JDK): 
http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
Select the JDK adapted to your operating system.
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Extract the JAVA.zip into the C:\Program Files\JAVA. In the Environment Variables, 2 changes needed:
2. create a new variable called JAVA_HOME and set the value to the path where Java is installed  ( C:\Program Files\Java\jdk1.6.0_13
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3. Set the path: %JAVA_HOME%\bin or write down the actual java folder you have.
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2.2 Installing a compiler: Example with Apache maven (version 3 and above)

You can download Apache Maven 3.2.2 at http://maven.apache.org/download.cgi
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2.3 Setting Maven 
You need to set Maven in your poject. Select File -> Settings
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Click on override for the “Maven home directory field”
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Select “apache-maven-3 xx” (or above) from your file system
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2.4 Setting the System Path 
Double click on the bin folder (so that you can copy paste: C:\Program Files\apache-maven-3.1.1\bin)
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To  change the System Path:
1. Go to start (#1)

2. Settings (#2)
3. Control panel (#3)
4. Select System (#4)
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In the “System Properties”, select the “advanced” panel (#1) and the “Environment Variables” (#2).

[image: image11.png]Remate.

Automato Updses |
Havrced )

Hardware

Syenesoe |
Genel | Compuiertare |

System #1

Microsoft Windows <P

Petemiond
.. Verson 2002

Service Pack 2

Regitered to
JeanPhiippe
ERD
76487.0EM 001130300117

Manufactured and supported by

FUJITSU cnevre
SIEMENS

Fuitsu Siemens Computers
ItelfF) Core{TM]2 CPU
T7400 @ 2166Hz

216 GHz,1.93 68 of RAM
Physical Address Extension

SupportInformation

JE S|

| e |
sy

e [ s

Fore || Gl ([ s

‘Yo must be logged on as an Adriistator ta make mostof these changes.

[-Perfomance
Visual efects, processor scheduing, memory usage, and vitual memory

Selings

[~ User Profes
Deskiop settings related to your logon

Selings

[ Stattup and Recovery
System stattup, system e, and debugging information

sotings
#2 == _Envtomentvrates | v Fporing

=T

=T





In the “Environment Variables”:
1. Select the Path

2. click on edit

3. In the “Variabe Value” (#3)

4. add a semi-column (;) at the end of the existing path (#4) and paste the path of the maven-binary folder that you have copied earlier (C:\Program Files\apache-maven-3.1.1\bin).
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 SEAMCAT source code package 
3.1 Installation of the source code on your file system
1. Upon receipt of the SEAMCAT zip package, save the zip file wherever you want (in this example, it is in a Temp folder) (#1)

2. right click on the .zip file and select “Extract to the folder” (#2)
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3. Press enter and will see the file being extracted (#3)
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4. It will create a new folder (#4)
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5. Move the newly created folder wherever you want to have SEAMCAT runing. 
6. Note that the ROOT folder contains /app and /model. They both contains a pom.xml file.

The pom.xml file is a Project Object Model (or POM) and is the fundamental unit of work in Maven. It is an XML file that contains information about the project and configuration details used by Maven to build the project. It contains default values for most projects.
3.2 Model and App module structure in SEAMCAT

SEAMCAT is divided into two modules - one called app and one called model. The main reason for this is because SEAMCAT supports plugins as extensions to its main interference calculations. 
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The Model module defines the abstract version of the scenarios - i.e. the victim system and all interfering systems with all their configuration and settings such as antennas, distributions etc. The Model also defines the plugin definitions, i.e. the interfaces plugin developers need to implement when writing a plugin. The Model module is packaged as a .jar file and is needed as dependency when plugin writers implement plugins. 
The App module (abbreviation for Application) implements the actual interference calculations for each of the system types (currently Generic, CDMA, OFDMA) it does so by using the model definition defined in the Model module. Also the UI is implemented in App and therefore this module really is the application SEAMCAT. It is packaged as a .jar file that can be executed and will launch the graphical SEAMCAT  application.
The reason for this split into two modules is twofold:

1. If it was one big module - plugin writers would have to depend on the whole SEAMCAT and would therefore be able to "see" too much of the internal details. 

2. Module and App changes on different timescales, i.e. the graphical interface of SEAMCAT may change dramatically without the model having to change at all. Hopefully the model will change very little.
Note that for version older than ver. 5.0.0, there is no pom.xml (see section 7.1.3) and the content of the folder will be as shown below.
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 SEAMCAT in IntelliJ Idea
4.1 Install JDK and IntelliJIdea

Prior to installing IntelliJIdea, you need to have a Java Development Kit (JDK) installed on your machine. 

Step 1: Java Development Kit (JDK) (see section 2.1): 

Step 2: IntelliJIdea: 

http://www.jetbrains.com/idea/download/
Select the free version ( (screen shot taken in April 2014)
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4.2 Map JDK and IntelliJIdea

When both software are installed on your machine, you need to map intelliJ Idea to your JDJ.

For this go to the project structure
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In this example the jdk 1.7 is shown because the maping has been done.
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If it is the first time you will need to add it 
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4.3 Installing SEAMCAT

Click “File” and “open”
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Select the project file “pom.xml” file
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Click “yes”
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And select a new window
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You get the following
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You are ready now to launch SEAMCAT (see next section)

4.4 Creating a run configuration to launch SEAMCAT

To run SEAMCAT in intelliJ, open the seamcat.java (CTRL+N “seamcat”) and then right click on the class name “seamcat”
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Or directly on the folder structure as shown below
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4.5 Tips on the editor

Find classes: Ctrl + N
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Find usage
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To find the .java file in the overall project
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Debug mode 
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Search for string in the project
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Section 5 


















 SEAMCAT Plugin Development
SEAMCAT supports a plugin model structure, i.e. there are well defined places in the interference simulation that allows for extension. A plug-in is a (little) software programme, which may be developed by YOU. It is written using standard Java language, compiled using open development tools. The pre-compiled code may be then “plugged-in” at certain “insertion points” of SEAMCAT simulation flow to produce the desired “user-defined” functionality. There is no perceivable impact on simulation speed, and the plugins will be saved to the SEAMCAT workspace for sharing with others.

Currently there are two different plugin types that can be made: 

· A Propagation Model Plugin (PMP) is a plugin that calculates a path loss between a transmitter and receiver. 

· An Event Processing Plugin (EPP) is a plugin for collecting/calculating additional results of a simulation and is invoked  after each event has been simulated by the main SEAMCAT algorithm. 

The two plugin types are very different in where they plugin during the simulation, but implementation-wise very similar in structure. 

The following sections will walk through the development of a plugin from idea to deployment. But first some basic information about java project (creation, package and class etc..).
5.1 Basic on JAVA project

5.1.1 Creating a project

The following describe how from a zip file containing some .java code you can create a java project.
Create a new project

[image: image37.png]| EPP for student ocuments and Settings'

it_Vew Navigate Code Anslyze Refactor
ew Project s

Hew Hode;
Import Project
Import Modue

£ gpen,
Reopen »
Close Profect
% settings ctsakss
ProctStncture, Cheabishites 268
Other setings v

Import Settings.
Export Settings.
Export to Ecipse.




Set a project name and project location
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Click next. Don’t select Groovy. Click finish
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Select the project in a new window
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5.1.2 Create a package

Go under src and right click

Select New ->Package. 
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As an example it is called org.eco, but you can choose whatever name you want. 

Remember that  when you include your plugin into SEAMCAT, it will need to follow the naming of the package (see the last graphic to embed your class file into a jar file manually)
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5.1.3 Create a class file

Under the package that you have just created, you can now create your java class.
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5.2 Associate seamcat-plugin-5.0.0.jar to your project

When creating PMP or EPP you need to have the library seamcat-plugin-5.0.0 (i.e. the seamcat-model-5.0.0.jar) associated to your project. This file is needed if you want to be able to see the SEAMCAT model interface.

Go to “Open Module Settings”
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Click the green cross on the right handside and select “Jar or directories”
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Go and fetch the .jar file from your file system (you need to download it from the official SEAMCAT web page to get the latest version)
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It is displayed as below under dependencies
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You can also see it under the “External Libraries”, just below your project
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5.3 Develop a Propagation Model Plugin (PMP)
5.3.1 Idea

We want to develop a PMP that calculates the path loss as an increasing function starting from 0 (when the distance is 0) and growing towards infinity at the square of the distance times a distribution given as input by the user.  In pseudo code something like the following:

path loss = dist(tx, rx)^2 * distribution.trial()

Note: This is just an example and not a real propagation model.

5.3.2 Prerequisites
The following prerequisites are assumed:

· basic understanding of Java

· intellij IDEA is installed and used for development

· maven 3 (3.0.0 or above) is installed

· seamcat-model-5.0.0.jar is downloaded

5.3.3 Setting up the project
Setting up the project is done using maven and uses the template project found in the plugin-template.zip.

[image: image50.png]adress [cemplete)

Fokers x| [ Tme =
) [plugin-template.zi] Dsrc

[£lpom sl





Unzip this file and name the main directory "pm-square". The contents of the unzipped folder is an empty Java project with maven configuration for the project dependencies and instructions on how to create a .jar file.

Before setting up the intellij project, it is important that the local maven repository knows about seamcat-model-5.0.0.jar dependency. Install this file locally by executing the following on the command line: 

mvn install:install-file -Dfile=<PATH-TO-FILE>/seamcat-model-5.0.0.jar -DgroupId=org.eco.seamcat -DartifactId=seamcat-model -Dversion=5.0.0 -Dpackaging=jar

mvn install:install-file -Dfile=”C:\Documents and Settings\jean-philippe\My Documents\My SEAMCAT source\jarfile\5.0.0 alpha 7\seamcat-model-5.0.0.jar” -DgroupId=org.eco.seamcat -DartifactId=seamcat-model -Dversion=5.0.0 -Dpackaging=jar
or alternatively follow the instruction of section 5.2 (this solution does not use the command line). 

The local maven repository will now contain the needed dependency and with intellij the project can now be imported. Do this by opening intellij and choose File->import project... 
From the file dialog select the pom.xml file in the 'pm-square' folder. 
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Go through the various windows 
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5.3.4 Development

We first create a package named 'com.example.pmsquare' for the plugin classes. This is done by right clicking the 'src/main/java' folder and selecting new->package. 
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Write com.example.pmsquare in the dialog that appears. 
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Tip: remember to have the “Compact Empty Middle Packages” unchecked in the view settings [image: image57.png]


, so that you can see the tree structure.
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On the PMSsquare folder now right click again to create a java class called PMSquare.
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Make PMSquare class implement PropagationModelPlugin (and auto implement the needed methods), 
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Press ALT + enter (on PC)
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Select “implement methods” to auto implement the interface

[image: image65.png]7| Select Methods to Implement
c@B = =

(5 orgseamcat model propagatin PropagaiontodzPlugn

intion:

(] cony savabac

) It @verde





Press ok

You get the following
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Manually add the String toString() and rearrange the order to have the resulting file:

public class PMSquare implements PropagationModelPlugin {

    @Override

    public String toString() {

        return super.toString();

    }

    @Override

    public String getDescription() {

        return null;

    }

    @Override

    public List<ParameterDefinition> getParameterDefinitions() {

        return null;

    }

    @Override

    public double evaluate(LinkResult linkResult, boolean variation, List<Parameter> params) {

        return 0;

    }

}

As can be seen there are four required methods to implement.

The first two are simple. toString will have to return the name of the plugin and getDescription is to provide a longer description of what this plugin is supposed to do. It is good practive to at least write something (other people might not know how to use the plugin). For our purposes we write the following:

    @Override

    public String toString() {

        return "Squared distance";

    }

    @Override

    public String getDescription() {

        return "Calculated the path loss as an increasing\nfunction"+

        "based on the formula: dist(tx,rx)^2*distribution";

    }

The last two methods are more important for the plugin to actually do something usefull.

The getParameterDefinitions is a method that is used to tell the SEAMCAT UI how to present the input UI of the plugin. In our case we want the user to specify a distribution function that can then be used in plugin formula. This is achieved by writing the following code: 

    @Override

    public List<ParameterDefinition> getParameterDefinitions() {

       List<ParameterDefinition> params = new ArrayList<ParameterDefinition>();

       params.add( new DistributionParameter("multiplier") );

       return params;

    }

We could of course add as many parameter definitions in the list as we wanted (there are currently for double, selections, integers, functions), but in this case all we need is this "multiplier" distribution. 

Lastly we need to implement the evaluate method. Here we need to navigate the data provided by SEAMCAT to do what we want. For the method evaluate there are three inputs: LinkResult, variations, and List<Parameter>.

· LinkResult: this object contains the settings for the current link we are about to calculate the path loss for. This link contains a lot of information (check the API for reference). What we are interested in is the Tx and Rx positions which can be fetched from the methods: linkResult.getTransmitterPosition() and linkResult.getReceiverPosition()
· variations: this ia a boolean indicating if variation should be applied or not. It is important for SEAMCAT to be able to call PM without variation. 
· List<Parameter>: this is a corresponding list of the List<ParameterDefinition> we created in the getParameterDefinitions. Only this list represents the specific settings the user have actually choosen for the parameters. In our case the list will contain one element consisting of a Distribution. 

With these definitions in place we can now implement the final method as follows:

    @Override

    public double evaluate(LinkResult linkResult, boolean variation, List<Parameter> params) {

        double distance;

        distance = Mathematics.distance(linkResult.getTransmitterPosition(),

                                                                   linkResult.getReceiverPosition());

        Distribution multiplier = params.get(0).getValue();

        return distance * distance * multiplier.trial();
    }
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5.3.5 Building & Installing
The project is packaged into a .jar file by running the maven command 'install'. This can be done either from the intellij maven tab (on the far right there is a vertical tab called Maven - unfold and double click on “install”). Or it can be done from a command terminal by standing in the folder where the pom.xml file is located and write mvn clean install. 
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The successful run of the 'install' command will produce a target folder containing the resulting .jar file. 

Note you may have warning , and your environment will complain of a wrong “Maven Home directory” configuration. This is because your maven home directory is not set properly. Click on the “configuration dialog” link, which will lead you to the Maven setting panel. See section 2.3 for further details.
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When your “Maven Home directory” is set properly, double click on “Install” again, you can see that the compilation starts
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Note: If you have uploaded the latest version of the SEAMCAT interface for plugin, then IntellijIdea will by default use it (even though it has been generated from another project). 

If the compile works without failure you should get a “BUILD SUCCESS”
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IntellijIdea/maven created a Target folder where you can see the jar that has been created. You can then upload that .jar into SEAMCAT.
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Follow the standard SEAMCAT instructions on how to install a .jar plugin.
5.3.6 Further possibility of the PMP

Using PMP, you may define ANY kind of propagation model for any path of your scenario (i.e. VLT to VLR, ILT to ILR, ILT to VLR and ILT to VLT).

There is no complexity limit to the input parameters. They can be double, dropdown, boolean. There is also a reset button (orange arrow in the bottom left corner) that reset your PMP to the initial value. The built-in propagation model, since version 5.0.0, follows also the same PMP format. The following figure presents an example of the various input possibilities for the ITU-R P. 1546-4 model. 
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The above can be coded as follow

    @Override

    public List<ParameterDefinition> getParameterDefinitions() {

        List<ParameterDefinition> definitions = new ArrayList<ParameterDefinition>();

        definitions.add( new SelectionParameter("General environment", "Urban", "Suburban", "Rural", "Dense Urban").defaultValue("Rural"));

        definitions.add( new SelectionParameter("System", "Mobile", "Broadcasting Digital", "Broadcasting Analogue"));

        definitions.add( new DistributionParameter("Time percentage").defaultValue(new UniformDistribution(50, 50)));

        definitions.add( new DoubleParameter("User specified local clutter height").unit("m").optional(false));

        definitions.add( new DoubleParameter("User specified standard deviation").unit("dB").optional(false));

        definitions.add( new SelectionParameter("Area of location variability", "500 x 500 m", "< 2 km radius", "< 50 km radius"));

        definitions.add( new BooleanParameter("Terminal Designations (Annex 5.1,1): use option a), b) and c (recommended)").defaultValue(true));

        definitions.add( new BooleanParameter("Buildings of uniform height are assumed (recommended)").defaultValue(true));

        return definitions;

    }

5.4 Develop an Event Processing Plugin (EPP)
5.4.1 Idea

As for Propagation Model Plugins (PMP), Event Processing Plugins (EPP) follow the same template of project setup, building, and installing. However, EPP are a very different kind of plugins - and serves a different purpose. 

SEAMCAT allows for users to define and simulate interference scenarios among one victim system and many interfering systems. The simulation is statistically and uses the Monte Carlo algorithm of randomization and collection. The terminology used in SEAMCAT are 'event' and 'EventResult' so one event is randomly initialized (e.g. positions, angles, etc) and an EventResult is computed. In the end all the generated EventResults are collected and summarized in a general result set presented to the user. A single value result in an EventResult will typically result in a vector result in the total result, i.e. a collection of each of the single values from each EventResult. 

SEAMCAT has a well-defined set of results that will be produced by running a simulation. Sometimes it might be needed to produce some additional results. This is what EPP is supposed to do, namely generate additional results and thereby allowing for extending the tool - without having to make a change to the core part of SEAMCAT. 

The PMP example described in section 5.3 is relatively easy to understand, it is basically a function: i.e. tell me how much the effective path loss is for a given connection between a transmitter and a receiver. The EPP, however, is a bit more subtle. The EPP works as a mini SEAMCAT simulation. All computed EventResults are passed

in sequence to the EPP and it has to decide what to compute. So the possibilities are practically endless here. 

5.4.2 EPP example

Our goal is to produce an EPP that captures all the distances between transmitters and receivers of the interfering connections. 

First step is to setup a project (see steps for PMP). We create a java file called InterferingDistance and let this class implement EventProcessingPlugin.

A default implementation of this class looks like this:

public class InterferingDistance implements EventProcessingPlugin {

    @Override

    public String toString() {

        return super.toString();

    }

    @Override

    public String getDescription() {

        return null;

    }

    @Override

    public List<ParameterDefinition> getParameterDefinitions() {

        return null;

    }

    @Override

    public ResultTypes evaluate( Scenario scenario, Iterable<EventResult> results, List<Parameter> params ) {

        return null;

    }

}

The first three methods are exactly the same as for PMP (see section 5.3.4). The fourth one is different though.
5.4.3 EPP Evaluate
The EPP is like an addendum to a simulation, or in other words a mini-simulation which can procude its own results. The method signature reveals this in that  the return type of the evaluate method is ResultTypes. This is an object that holds all the different result types known to SEAMCAT (single values, vectors, vector groups, scatter plots, bar charts, and custom UI). 
So creating an EPP that would return a "Hello World!" message would be very simple as shown in the below code snippet:

    @Override

    public ResultTypes evaluate( Scenario scenario, Iterable<EventResult> results, List<Parameter> params ) {

        ResultTypes types = new ResultTypes();

        types.getSingleValueTypes().add( new StringResultType("Message", "Hello World!"));

        return types;

    }

Now this plugin is not very usefull - it simply creates a constant string message and shows it in the results. Using the inputs of the method will make it possible to create a more interesting EPP. Lets look at the variables in detail.

· Scenario: this parameter contains the simulation scenario as set up in the SEAMCAT UI. From here, any of the settings made can be inspected. For example if the antenna peak gain of the transmitter in the victim system was of interest to us it could be read by calling: scenario.getVictimSystem().getTransmitter().getAntenna().getPeakGain(); Notice that all parameters hare are read only. Once the simulation starts the scenario will be created from the definitions in the SEAMCAT UI and can henceforth only be read. This is of great importance for the next couple of steps.
· Iterable<EventResult>: this is a structure that allows us to iterate through all the EventResults produced by the SEAMCAT core simulation. We can here inspect the results and use these if needed in our quest of producing own results. We loop through the EventResults by using the normal for loop construct:

for (EventResult er : results) {

   ...

}

· List<Parameter>: exactly as for the PMP we define out own input UI from the parameter definitions. And the parameters we receive here as input contains  the actual settings made by the user of the EPP. 

5.4.4 EPP Inner Workings
If you are not interested in the technical details of “how” the EPP mechanism works this section can be skipped.
It is beneficial to understand how the EPPs are attached and run as part of a simulation. As can be seen from the SEAMCAT UI, there can be attached as many EPP as possible for every simulation. And since most SEAMCAT simulation run many EventResults (some even in the millions), it would be unfeasible if the simulation and the attached EPPs would run sequentially. So what it actually happening is that SEAMCAT and all EPP are in fact running in parallel. Whenever the SEAMCAT simulation has produced an EventResult it is directly passed to the EPP for processing. 
For this parallelism to work correctly it is very important that all of the shared data can only be read and not modified. And it is for this very reason that plugins have read only access to the scenario and the event results.
5.4.4.1 Implementing InterferingDistance 
As mentioned we want to implement an EPP that collects all the distances of all interfering links in the simulation. This means that there are no configuration needed of the plugin - the PMP we did needed a distribution input from the user to function. This makes the first three methods very 

easy to implement:

   @Override

    public String toString() {

        return "Interfering Distances";

    }

    @Override

    public String getDescription() {

        return "Calculates the distances of all interfering links in the simulation";

    }

    @Override

    public List<ParameterDefinition> getParameterDefinitions() {

        return null;

    }

Notice that we return 'null' from the getParameterDefinitions method. This will result in a configuration page only showing the name and description.

Lastly we need to implement the actual evaluation of the EPP. 

    @Override

    public ResultTypes evaluate(Scenario scenario, Iterable<EventResult> results, List<Parameter> params) {

 1        ResultTypes types = new ResultTypes();

 2        List<Double> distances = new ArrayList<>();

 3

 4        for (EventResult result : results) {

 5            for (InterferenceLink link : scenario.getInterferenceLinks()) {

 6                for (InterferenceLinkResult linkResult : 
                                                result.getInterferenceLinkResult(link).getInterferenceLinkResults()) {

 7

 8                    double distance = Mathematics.distance(

 9                        linkResult.getReceiverPosition(), 

10                        linkResult.getTransmitterPosition());

11                    distances.add(distance);

12                }

13            }

14        }

15

16        types.getVectorResultTypes().add(

17           new VectorResultType("Interfering Distance", "m", "interferering links", distances));

18        return types;

19    }

The "plumbing" is done in lines 1,2 and 16-18: we create the ResultTypes object that holds the values to be returned. Since we are returning a vector we collect double values in a list and based on this list create a VectorResultType.

Lines 4-14 is the core of this plugin, this is where the actual computation takes place. As mentioned previously we have to iterate through all EventResults to inspect the individual results of the simulation. For this plugin we want to find all InterferingLinkResults. Remember that a scenario can have many interfering systems, but also an interfering system can end up having many InterferingLinkResults (this is particularly true for cellular simulation but it may also apply to generic when the number of active transmitters is set to more than one). So to reach all InterferingLinkResults we end up with the  slightly tedious (but necessary) structure as seen on lines 5 and 6.

Once we have an InterferingLinkResult we can do the calculation of the distance as shown on lines 8-12.

5.4.4.2 Custom UI 
Having EPP producing new results as part of a simulation is definitely powerful. Not only can it be used to verify the internals of the calculation (i.e. expose intermediate results for verification and inspection), but it can also be used to generate substantially different results never anticipated when the core of SEAMCAT was written. This is indeed the power of a plugin-model,

However, some of the collected results might be interesting to visualize in a custom way. For such use cases SEAMCAT supports the return type CustomUI.

Inspecting the class ResultTypes it can be seen that there is a method called getCustomUIs() where custom UI can be added. 

The CustomUI interface look as follows:

public interface CustomUI {

    String getTitle();

    void buildUI( JPanel canvas, Scenario scenario, ResultTypes allResults, ResultTypesUIUpdater 
                            updater );

}

The getTitle method is just the name. More interestingly is the buildUI method. Remember that this type is used as part of the ResultTypes object returned from an EPP. This means it will be displayed in the Simulation Results tab of SEAMCAT. When doubleclicking an instance of a CustomUI in the results tab SEAMCAT will generate a dialog containing a canvas (a JPanel) and this canvas is passed to the buildUI method. buildUI have the responsibility for drawing a usable UI for its own purpose. 

The other parameters passed to buildUI are the following:

· Scenario: the simulated scenario

· ResultTypes: all results produced by this EPP

· ResultTypesUIUpdater: an object that allows you to inform SEAMCAT the the ResultTypes have change. This is so that SEAMCAT can update the results tab reflecting the results. 

5.4.4.3 CustomUI Example
For demo purposes we will build a CustomUI result that generates a random number and adds it to the result. 

public class RandomNumberUI implements CustomUI {

    @Override

    public String getTitle() {

        return "Random Numbers";

    }

    @Override

    public void buildUI(JPanel canvas, Scenario scenario, ResultTypes allResults, final ResultTypesUIUpdater updater) {

        JButton add = new JButton("add");

        JButton remove = new JButton("remove");

        final JList list = new JList();

        final DefaultListModel model = new DefaultListModel();

        final List<SingleValueTypes<?>> singleValues = allResults.getSingleValueTypes();

        add.addActionListener(new ActionListener() {

            @Override

            public void actionPerformed(ActionEvent event) {

                DoubleResultType value = new DoubleResultType("Random", "N/A", new Random().nextDouble());

                singleValues.add( value );

                model.addElement( value );

                updater.fireDataChanged();

            }

        });

        remove.addActionListener(new ActionListener() {

            @Override

            public void actionPerformed(ActionEvent event) {

                DoubleResultType value = (DoubleResultType) list.getSelectedValue();

                if ( value != null ) {

                    singleValues.remove( value );

                    model.removeElement( value );

                    updater.fireDataChanged();

                }

            }

        });

        for (SingleValueTypes singleValue : singleValues) {

            model.addElement( singleValue );

        }

        list.setModel( model );

        canvas.setLayout(new BorderLayout());

        JPanel jPanel = new JPanel(new BorderLayout());

        jPanel.add(add, BorderLayout.CENTER);

        jPanel.add(remove, BorderLayout.EAST);

        canvas.add( jPanel, BorderLayout.NORTH );

        canvas.add( list, BorderLayout.CENTER );

    }

}

The code has a lot of UI plumbing for setting up the list and buttons, but the really interesting part are the action listeners on the buttons. 

When pressing the add button a new random double will be generated and added as a DoubleSingleValue in the ResultTypes and in the list of this UI. As the ResultTypes have now changed the updater.fireDataChanged() is called (to notify SEAMCAT of the change). 

When pressing delete the reverse happens: the selected element of the list is removed both from the list and from the ResultTypes. Lastly the updater informs SEAMCAT of the change. 

All of the added values produced by the CustomUI are part of the workspace result and will be saved/loaded as normal results would. 

To use this custom UI is must be produced at a result from the evaluation of an EPP. The code below shows how this could be done.

    @Override

    public ResultTypes evaluate(Scenario scenario, Iterable<EventResult> results, List<Parameter> params) {

        ResultTypes types = new ResultTypes();

        types.getCustomUIs().add( new RandomNumberUI() );

        return types;

    }

This customUI is currently part of the built in EPP of SEAMCAT. It has the name: 'Demo 6: Custom UI showcase'.

5.4.5 Development
Similarly to the PMP example, you can reuse the template project found in the plugin-template.zip.
Create the java class, as shown below
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You need to implement the EventProcessingPlugin (EPP)
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So far there is an error because you need to implement the method.

1. Press Alt + enter to see the option to fix the problem

2. Select “Implement Methods”
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Select all the method and click ok
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You are now ready to write your EPP.
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package org.eco;

import. org. seancat. model. Soenario;
import. org. seancat.model. eventprocessing. EventProcessingPluging
import org. seancat.uodel. plugin. Paraneter;

import org. seancat. uodel. plugin. ParaneterDefinition;

import. org. seancat.model. simulation. result. EventResult;

import. org. seancat.model. types. result. ResultTypes;

dmport. java.util.List;
o
# Created by jean-philippe on 14/03/14.
s

public class =xaupleif implements EventProcessingPlugin {

Boverride
public ResultTypes evaluate (Scenario scenario, Iterable<EventResu
urn nul

Boverride
public List<ParameterDefinition> getParameterDefinitions() {
return null;

Boverride
public String getbescription(] {
return null;
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5.4.6 Building & Installing
When you are done, you need to compile your code. The process is exactly the same as for the PMP.
Right click the name of your java class and select compile.
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You will find your class file under the “target” folder that is automatically generated.

Remember that you need to include the .class file into a .jar file.

To make the .jar file un-corrupted (or legal) you need to respect the package convention. So in this case you need, in your file system, to zip the folder “org”.
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zip the folder "org" and rename the .zip file to .jar. It will
contain the org.eco structure and contains the .class file




Then change the extension of the file from .zip to .jar.

That is it, you are now ready to include your EPP in SEAMCAT!!!

5.5 When you receive EPP’s source code

It is likely that in the course of your SEAMCAT development or plugin development, you may receive some files from a third party for you to examine/consider. First you need to create a folder in your file system. Let us call it “project creation example”
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You then copy paste the .zip file that you have received
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If it is a working EPP it is likely that a package structure already exist when the zip file was created and unzipping it will create a tree-folder structure. If it is not the case, you will have to do it manually.

In this example, we will assume that unziping the source code does not create a tree-folder structure. So you generate one manually. You first need to know the package structure by opening one of the –java file (using a simple text editor)
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You can see that a package structure exists. It is org.seamcat.epp.hcmpanel

You need to create the following folders in the order:

…\src\main\java\org\seamcat\epp\hcmpanel

Extract the .java file in the hcmpanel folder. Then add the pom.xml file provided in the EPP example, otherwise follow indication from section 5.1.

Congratulations!!!, your file system is ready.

Now open IntelliJ Idea (if not done already), and in file/Open, open a project  and fetch the pom.xml
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5.6 Debugging external plugins in IntelliJ Idea 
5.6.1 Prerequisites

You need to have the following installed on your machine

1. Intellij (version 12 and forward) with SEAMCAT setup and running in debug mode. 
2. The source code of the plugin project
3.  The plugin JAR file installed in the running SEAMCAT application

5.6.2 Procedure

To debug the plugin code the jar file of the plugin and the source code must be associated with the SEAMCAT project. This is done by doing the following steps

1. From the SEAMCAT intellij project open the project structure  (menu "File -> Project Structure ...")

2. From the "Project Settings" choose "Libraries"

3. Choose "Attach files or Directories" (by clicking the green plus sign on the right)

4. First attach the jar file of the plugin (this will attach the binary code of the plugin to your SEAMCAT project)

5. Second attach the root directory of the plugin project (this will attach the source code of the plugin)
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You should now be able to open the plugin class from the SEAMCAT project. Press Ctrl-n and type the name of the plugin class you want to debug (note that the auto-complete may not work, so you need to write the full filename). This should open the source file of the plugin class and breakpoints should be possible to set normally. 
Notice that if you make changes to this file it will be out of sync with the binary file running from within SEAMCAT. So eventual bugs to be fixed will have to be done inside the plugin project AND then subsequentially built and installed in SEAMCAT to be tested.
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 Maven in ECLIPSE – SEAMCAT 5.0.0
6.1 Installing Eclipse

Download Eclipse on your machine (go to google, and search for “eclipse download”), you will find the page http://www.eclipse.org/downloads/ 
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1. Select either the 32 or 64 Bit depending on your Operating System.

2. Select the mirror site of your choice when asked.

3. Uncompressed the downloaded file

4. In the newly created folder, find the application “eclipse”, double click so that Eclipse can be installed on the machine. Under Eclipse top folder, you will see the run application “eclipse”, double click on it to run ECLIPSE.

Open Eclipse:
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6.2 Installing maven in Eclipse

To install maven in eclipse (http://www.eclipse.org/m2e/) go to help and select “install new software”.
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A good link at http://www.himainc.com/files/m2e.pdf
Then when you have maven, you need to import the project that you have downloaded from the ECO server

6.3 Import an existing project
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You end up with 
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Check also the builder
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6.4 Run maven project in Eclipse

To run it
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6.5 Problem with the dependencies in Eclipse

It may happen that Eclipse complains with the following
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Edit the app/pom.xml  (the problematic one) and comment out the below lines.
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 SEAMCAT in ECLIPSE (not recommended)
You can use Eclipse If you want to run some SEAMCAT prior to the version 5.0.0. You need to install apache ant compiler.

7.1 Editing SEAMCAT: an example with ECLIPSE 
7.1.1 Installing a compiler: Example with apache-ant 
Go to google (www.google.com) and search for “Ant download”

Select the Binary distribution as shown below
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You will reach he following page

1. Select the mirror of your choice to speed-up the download (#1)

2. Then select the .zip archive (#2)
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Save the binary zip file (#1) in any folder of your choice (in my example it is a Temp folder) (#2), make sure you have selected the right zip file (#3) and finally save it (#4).
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Meanwhile, you have opened a new window on your computer:

1. Go to start (#1)

2. Select run (#2)

3. Write c: (#3)

4. Press enter (#4)
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You need now to extract the .zip file into the c:/program

1. Right click on the zip file

2. Select Open with WinZip (#1)

3. and select the content of the zip wich has been save as a folder.
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4. drag and drop the folder into the c:/program (#3)
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You can now see that a new folder is in your program files and now you have Ant installed on your machine
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When compiling SEAMCAT, you need to be able to call Ant from anywhere in your tree-folder. Therefore you need to set the binary file of the Ant (i.e. the “bin” folder) (next section).
7.1.2 Installing Eclipse 
Download Eclipse on your machine (go to google, and search for “eclipse download”), you will find the page http://www.eclipse.org/downloads/ 
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5. Select either the 32 or 64 Bit depending on your Operating System.

6. Select the mirror site of your choice when asked.

7. Uncompressed the downloaded file
8. In the newly created folder, find the application “eclipse”, double click so that Eclipse can be installed on the machine. Under Eclipse top folder, you will see the run application “eclipse”, double click on it to run ECLIPSE.
7.1.3 Edit and built SEAMCAT 
Open Eclipse:
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In the file menu:

1. Select New (#1)

2. Select Project (#2)
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In the Wizard window:

1. Select “Java” (#1)
2. Select “Java Project from Existing Ant Buildfile” (#2)
3. Press Next (#3)
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1. Type the name you want to designat the project you are working with (i.e. you may different version of SEAMCAT in Eclipse (#1)

2. Select Browse to find the build.xml file (#2)

3. Find the correct folder where the build.xml file iss located (#3)

4. Select the build.xml file (#4)

5. Press open (#5)
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Select the first line (#1)

Press “finish” (#2)
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Eclipse is now building the workspace
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You have now access to all the source code of SEAMCAT. This will allow you to further develop the tool. 

7.2 Adding a library to SEAMCAT in Eclipse
This instruction details how to add a new library for the project. It is exemplified with a library called jfreec.jar. All file references in this example are relative to the root folder of the project. 

To add a new library to the Eclipse project

1. After downloading the .jar file copy it to the folder app/lib/.
2. In Eclipse in the package explorer right-click on the SEAMCAT project and select "Properties"
3. On the left select the "Java Build Path" (#1) and in the Java Build Path window select the tab "Libraries" (#2).
4.  Click "Add JARs..." (#3)

5. In the file dialog popup select the newly added file in the app/lib/ folder. 

6. The new library is added to the list (#4)

If it is not present in the list, try a refresh on the lib folder in the project.
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7.3 Updating JAVA in ECLIPSE 
If you update the JAVA version on your machine and you have Eclipse already installed you will need to update the installed JRE from Eclipse. The following is an example with JDK 6 update 13 (development kit)

1. Open Eclipse

2. Select “window” #1

3. Select “Preferences” (#2)
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4. In the filter (#3)
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5. Type JRE ()#4

6. select the “installed JREs” (#5)

7. if the JAVA version you want is not in the list then click “add” (#6)

8. Add JRE window open and click on “browse…”(#7)

9. Select the C: drive (#8), program files (#9) and java/ jdk1.6.0_13 (#10)

10. Click ok (#11)

11. Close the JRE window (#12)

12. Select/deselect the java you want/do not want (#13)
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7.4 Compiling and running SEAMCAT in Eclipse (version prior to 5.0.0)

You can compile SEAMCAT using two ways, either using Ant from the command line or directly from Eclipse.

7.4.1 Using Ant

In this example we will use ANT to compile SEAMCAT. The procedure is as follow:
1. Go to “Start” (#1)

2. select “run” (#2)

3. type: cmd (#3)

4. press “ok” (#4)

5. this will prompt the DOS command line (#5)
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1. you may need to change the disk where you are being prompted. Go to C: (#1)

2. find the folder where SEAMCAT has been installed (here it is c:\seamcat_source) (#2)

3. to built SEAMCAT, type: ant (#3)
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4. to run SEAMCAT, type: ant run (#4)
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7.4.2 Using Eclipse

Provided that Eclipse has been installed, follow these steps:
7.4.2.1 Method 1

1. Start Eclipse and select as workspace that folder you extracted the source code onto.
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2. On the Welcome window go to Workbench (you can also close the Welcome to eclipse window)

[image: image123.png]= Java - Eclipse SOK -JO&8

Fle Edt Navgate Search Project Run Window Hep

) Welcome 53 B s

Welcome to Eclipse

Overview Q Tutorials
Get an overview of the features Go through tutorials

Samples What's New
Try out the samples. Find out what is new





3. Select ‘New -> Project’
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4. Press ‘Next’ and browse on your source code folder ‘build.xml’
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Pressing ‘Finish’ Eclipse starts to build the workspace
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5. Open the file ‘seamcat.java’
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and run as “Java Application”
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7.4.2.2 Method 2
Another method to run SEAMCAT is to access the “Open Run Dialog”
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When opened, you will be prompted witht the following:

In the Main window:

1. To create a new configuration (#1)

2. Select the configuration (#2)

3. Set a name (#3)

4. Select the “Main” dialog box (#4)

5. Select the Project name (#5)

6. Find the “Main class” using the Search button, or type it (org.seamcat.Seamcat). (#6)
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7.4.2.3 Run application memory settings

Note: In both methods described above, do not forget to set the memory of the run application.

In the Arguments window (#1), add the –Xmx512m or –Xm1024m to determine how much memory SEAMCAT has (#2), apply (#3).
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When clicking on #4, this should launch SEAMCAT from Eclipse
7.5 SEAMCAT in ECLIPSE debug mode
Since you have installed the source code on your machine using ECLIPSE, you can now run SEAMCAT in debug mode where you can check each line code using step-by-step.

A good tutorial is available here 

http://www.ibm.com/developerworks/library/os-ecbug/ 
Also another source of learning ECLIPSE from the open community, is to go on www.youtube.com and search for “Eclipse tutorial” (or similar kind of search).

The following description is a very brief and concise guidance you on how to use SEAMCAT in a debug mode.

1. First, you need to set some breakpoint in the source code you want to investigate (there is no restriction in the number of break point you want.). For this, put your cursor on the left hand side of the editor, in the line number area, and right click at the line you want to check.
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2. Now you can run SEAMCAT in debug mode
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3. when SEAMCAT is running you will see the following

[image: image140.png]cpressons | 5 Debug 71

m |
) (3] Run_Seameat [Java Application]
= &2 org.seamcat Seamcat at locahost: 1810
9 Thread [main] (Running)
9 Thread [AWT-Shutdown] (Runing)
@ Daemon Thread [AWT-Windows] (Runring)
@ Daemon Thread [Image Fetcher 0] (Running)
w41 CiProgram Files|avalresibintjavam. exe (25 Aug 2011 14:06:17)

9= Variables





If you want to kill the process (if it is hanging for instance) then click on the red square. It will terminate your SEAMCAT session.

4. Either during the loading of SEAMCAT or running a workspace, Eclipse will give you the following opportunity to step into the code when the code line that you have selected is reached. The line code being processed in highlighted in green.
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// intermediate parameters
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double rkz = rK * rK
double rka = rEz * rkz;
double amin = 0.0;
double rxmin = 0.0;
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The basic commands are as follow:
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Section 8 


















 Packages needed for plugins (before version 5.0.0)
All packages needed to run workspaces considering plugins are provided by the seamcat_neded_for_plugin.jar file.

This file is automatically generated running an official version of SEAMCAT and saved onto the default SEAMCAT plugin folder and then afterwards used by SEAMCAT during the simulation.
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Figure 8.1 Packages needed for plugins

The same packages are needed for writing the valid code for plugins. Due to fact that the jar file on the default plugin folder is replaced by an empty file when running SEAMCAT from the source code you have to ensure that the packages are unchanged and available within your development environment.
You have three options: Either you include in your “java build path” the plugin libs or you copy the origin jar file onto e.g. your source folder or you generate your own (i.e. local) “seamcat_needed_for_plugin.jar”, respectively.

8.1 Option 1 (recommended):
You can add in the “Java Build Path” (#1), specifically in the source (#2), the plugin-libs (#3). This library package contains the necessary information that is additionally to the ‘org’ packages required (see Figure 8.1 above).
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Figure 8.2 Java Build Path
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Figure 8.3 Content of the plugin-libs
8.2 Option 2:
After running an official version of SEAMCAT at least once and before opening your SEAMCAT project, copy the so automatically generated original of seamcat_needed_for_plugin.jar onto e.g. the root folder of your SEAMCAT project. Then you have to add it as library.
8.3 Option 3:
Alternatively you can generate your own (i.e. local) “seamcat_needed_for_plugin.jar”, run the ant target from the command line. 
This is done by opening a command line and going to the root folder of the SEAMCAT project (i.e. where the build.xml is located).

Run the command: ant pluginjar.
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Figure 8.3: Creating a local copy of seamcat_needed_for_plugin.jar

The generated file is saved onto the root folder of your SEAMCAT project. You have to add it as library.
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When compiling SEAMCAT, you need to be able to call Ant from anywhere in your tree-folder. Therefore you need to set the binary file of the Ant (i.e. the “bin” folder) (next section).
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