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Preface

This guide, like VR-Link" itself, is intended for use by developers creating simulators
and other HLA and DIS applications. It assumes that you are thoroughly familiar with
the C+ language and have a working knowledge of HLA and DIS concepts.

We are constantly improving VR-Link to meet user needs. Consequently, some new
features may have been implemented after this manual went to press. For the most
recent information, please read the RELNOTES file or any addendums or release notes
distributed with your version of VR-Link.

How this Manual is Organized

The chapters are organized as follows:

Chapter 1, Introduction, describes the main features of VR-Link and contains informa-
tion about simulation protocols.

Chapter 2, Installing and Configuring VR-Link, explains how to install the software, and
get technical support.

Chapter 3, VR-Link Concepts, provides a general description of what VR-Link does and
shows how its classes work together. This chapter also discusses code examples for
simple VR-Link applications.

Chapter 4, Compiling VR-Link Applications describes the procedures for compiling and
linking applications built with VR-Link.

Chapter 5, The Protocol-Independent Interface, describes the most commonly-used VR-
Link classes and functions, and shows examples of their use.

Chapter 6, The HLA-Specific Interface, describes classes and functions that support the
High Level Architecture for simulations. Most HLA simulator projects do not need to
make use of these “lower-level” features.
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Preface — How this Manual is Organized

Chapter 7, FOM Agility Examples, describes the examples that demonstrate how to
implement FOM mapping and extending FOM:s.

Chapter 8, The DIS-Specific Interface, describes toolkit functionality that pertains only
to the DIS protocol. Most DIS simulator projects do not need to make use of these
“lower-level” features.

Chapter 9, Utilities, explains how to use VR-Link’s utility functions to perform time
management, coordinate conversions and other tasks.

Chapter 10, Example and Utility Applications, explains how to use the example and
utility applications that ship with VR-Link, including buffgrep, netdump, nethex, hlaN-
etdump, vdc, vrlinkd3i, buffgrep talk, listen, and f18.

Appendix A, Guide to VR-Link Header Files lists VR-Link header files and cross refer-
ences them to VR-Link classes.

The Glossary defines important terms that you need to understand.

VR-Link Documentation

Xii

The VR-Link documentation set is as follows:

+ MAK VR-Link Developer’s Guide. This manual is available in printed format and as
an online manual in Adobe Portable Document Format (PDF).

+ MAK VR-Link Reference Manual. The Reference Manual is available only as an
online manual in PDF format. It contains the code for all VR-Link header files.
Appendix A of the Developer’s Guide is also included in the Reference Manual. The
class listings are presented as hypertext links to the header files that define them.

+ Class documentation. Classes are documented in a set of protocol-specific PDF
files. HLA classes are documented in vrI3-xHLAclasses.pdf and DIS classes are docu-
mented in vrI3-xDISclasses.pdf. Class hierarchy diagrams are in the files vrI3-xHLA-
classdiagram.pdf and vrl3-xDISclassdiagram.pdf.

+ Release documentation. Release documentation consists of release notes provided
as a text file named RELNOTES and in printed format.

The PDF files are in the ./doc directory.

Online Manuals

The online manuals use hypertext links for the entries in the table of contents, for all
index entries, and for cross references. These files also support full text searching.

To view and print PDF documents, you need a copy of the free Acrobat Reader soft-
ware (version 3.0 or later). It is available for SunOS and Solaris, IRIX, HP-UX, Digital
UNIX, Windows, and other platforms. To obtain a copy, visit www.adobe.com.

MAK Technologies
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Preface — Other MAK Products

Other MAK Products

VR-Link is a member of the MAK Technologies line of HLA/DIS software products
designed to streamline the process of developing and using networked simulated envi-
ronments.

In addition to VR-Link, the MAK Technologies product line includes:

+ The MAK RTI. An RTI (Run-Time Infrastructure) is required to run applications
using the High Level Architecture (HLA). The MAK RTI is the first commercial
run-time infrastructure for HLA simulations. It is optimized for real-time simula-
tions.

+ The MAK Stealth. The Stealth displays a realistic, three-dimensional view of your
virtual world. You can view this world from the inside of a simulated moving
vehicle, or place the eyepoint at another moving or stationary location. The Stealth
lets you switch rapidly among several predefined viewpoints while the simulation is
underway. The Stealth runs on PCs and the SGI computers and supports multi-
channel views.

+ The MAK Logger. The Logger, also called the Data Logger, can record HLA and
DIS exercises and play them back for after-action review. You can play a recorded
file at speeds above or below normal, or in reverse, and locate areas of interest
quickly. The Logger lets you choose between a graphical interface, or a shell-style,
command-line interface. You can also control the Logger programmatically with
logger control PDUs or state update messages.

The Logger comes with a set of utility programs that let you inspect, combine and
edit Logger recordings.

+ The MAK Plan View Display. The Plan View Display (PVD) provides a two-
dimensional, “big picture” of a virtual environment. It shows simulated entities,
such as vehicles, soldiers, and tanks moving over a 2D-map display.

Please contact MAK Technologies for more information about these products and their
supported platforms.
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How to Contact Us

For VR-Link technical support, information about upgrades, and information about
other MAK products, you can reach us in the following ways:

For sales and upgrade information by e-mail: info@mak.com

For technical support by e-mail: support@mak.com
For license key files and information: www.mak.com/support/keyintro.htm
The MAK web site: www.mak.com

When requesting support, please tell us the product you are using, the version, and the
platform on which you are running.

Send postal correspondence to: MAK Technologies
185 Alewife Brook Parkway
Cambridge, MA, USA 02138

Call or fax us at: Voice: 617-876-8085 (extension 3 for support)
Fax: 617-876-9208
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Document Conventions

This document uses the following typographic conventions:

Mbonospaced
Type

Mbonospaced
Italic

[ ]
I

Bold type
Italic
sansSerif
>

Menu @Option

O

Indicates commands or values you enter.

Indicates variables that you replace with appropriate values.

Indicates optional arguments.

Separates options in a command where only one option may be
chosen at a time.

Indicates a directory. Since MAK products run on both UNIX and
PC platforms, we use the / (slash) for generic discussions of path-

names. If you are running on a PC, substitute a \ (backslash) when
you type pathnames.

Indicates a new term.

Indicates a file name or path, or a class name.

Indicates a parameter or argument.

Indicates a one-step procedure.

Indicates a menu choice. For example, an instruction to select the

Save option from the File menu appears as:
Choose File Save.

Indicates supplemental or clarifying information.

Indicates additional information that you must observe to ensure
the success of a procedure or other task.

Indicates a warning about potential damage to the program or
computer.

Directory names are preceded with dot and slash characters that show their position
with respect to the VR-Link home directory. For example, the directory vrlink/binRPR
appears in the text as ./binRPR.
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Introduction

The VR-Link toolkit is an object-oriented library of C++ classes, functions, and defini-
tions that minimize the effort required to create networked simulators and virtual
reality applications. VR-Link’s powerful, easy-to-use programmer’s interface greatly
reduces development cost, time and risk.

This chapter covers the following topics:

The Protocol-INdependent APl ........cc.o v iiiieie e 1-2
VR-LINK FEATUIES ...ttt st s e e 1-3
Files and Executables in VR-LINK ........cccooviiiinninine i, 1-4
Simulation Standards SUPPOItEd .........cceevereiieiicie e, 1-5
HLA FOM SUPPOIT .ttt 1-5
FOM AQIlItY .o 1-5
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1.1. The Protocol-Independent AP/

DIS only

1.1.1.

With VR-Link’s protocol-independent API, you can simulate local entities, set their
state, and automatically send entity information to other applications over a network
using Distributed Interactive Simulation (DIS) or the High-Level Architecture (HLA)
Run-Time Infrastructure (RTI). VR-Link also simplifies receiving and processing
information from other applications, providing easy access to the state of remote enti-
ties. VR-Link handles dead reckoning, thresholding, responding to attribute requests,
filtering, and many other tasks.

Because VR-Link supports both DIS and HLA through very similar APIs, you can
often switch your applications between the two by changing just a few lines of initializa-
tion code and recompiling. This means that your VR-Link-based applications can
maintain the DIS compliance vital to ongoing projects, while migrating to HLA.

VR-Link implements all DIS PDUs and you can add support for user-defined PDUs.

FOM Support

VR-Link comes with built-in support for the Realtime Platform Reference FOM
(RPR FOM). It can be configured or extended to add new attributes, objects and inter-
actions to the RPR FOM, or to work with other FOMs entirely.

MAK Technologies
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1.2. VR-Link Features

VR-Link provides a range of features to help you create and maintain HLA and DIS
applications:

*

Exercise Connection: An exercise connection is a VR-Link application’s interface
to an HLA or DIS exercise. It provides a protocol-independent? interface through
which to exchange simulation information with other applications, either through
the DIS network, or HLAS RT].

Object tracking: A VR-Link application uses a Reflected Entity List to keep track
of remote participants in your virtual world by processing incoming attribute
updates (through either DIS or HLA), and provides a protocol-independent® inter-
face to their state. It submits update requests as needed, provides notice when an
entity enters or leaves an exercise, and performs dead-reckoning, trajectory
smoothing and filtering, as desired. Reflected object lists are available for other
types of objects, such as emitters, transmitters, and so on.

Object publishing: A VR-Link application uses an Entity Publisher to keep remote
applications informed about the state of entities that you simulate locally. You peri-
odically set the current state of your objects through its protocol-independent1
interface, and the Entity Publisher automatically sends state updates when data
changes or exceeds configurable thresholds. Object publishers are available for
other types of objects, such as emitters, transmitters, and so on.

Interaction classes: VR-Link provides a protocol-independent! interface to the
sending and receiving of interaction messages that describe simulation events such
as weapon fires, detonations, and radio signal transmissions. C++ classes repre-
senting DIS PDUs and HLA interactions usually provide mutator and inspector
functions to access each field. Variable length PDUs and parameters are resized
transparently. Functions are provided to print human-readable representations of
interaction data.

FOM-Agility: While VR-Link comes with built-in support for the RPR FOM, the
FOM Mapper class allows you to map VR-Link’s existing protocol-independent!
API to another FOM’s parameters, attributes, and object or interaction classes. In
this way, code that uses the API does not need to change when the FOM changes.

User extensibility: VR-Link’s C++ APl and implementation allow you to override
most of its default functionality through subclassing. You can extend the toolkit to
work with new types of HLA object or interaction classes and with new user-
defined DIS PDUs.

Access to low-level details: For developers who want to work below the level of
abstraction provided by our top-level API, VR-Link provides protocol-specific
classes and functions. Low-level access includes direct access to the HLA RTI and
to the details of network configuration in DIS.

1. The interface is mostly protocol-independent. You must compile for the simulation standard
on which you will run the application. Some classes have protocol-specific constructors.
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*

*

Utility functions: VR-Link includes a rich set of utility functions, including vector
and matrix manipulation functions, a platform-independent interface to the system
clock, and support for discreet simulation time. Coordinate conversion utilities for
geocentric coordinates, geodetic coordinates, topographic coordinates, and UTM
coordinates are included as well.

Example applications: VR-Link comes with a set of HLA and DIS utility programs.
For example, the netdump utility prints data received from remote simulations in
an easy-to-read format. The f18 utility is a simple networked simulator that serves
as a flexible debugging tool. Source code for the examples is provided to demon-
strate the use of much of VR-Link’s functionality.

You can use VR-Link’s C+ interface from C applications.

1.2.1. Files and Executables in VR-Link

VR-Link includes the header files and libraries necessary to build applications based on
VR-Link, plus executables and source code for the following utility applications:

1-4

*

*

*

*

*

*

*

f18
netdump
nethex
hlaNetdump
talk

listen

vdc.

VR-Link includes the vrlinkd3i packet server and buffgrep executables without source
code. The unlimited version of the packet server, vrlinkdu, is available as an option. You
can find more information about these utility applications in Chapter 10, Example and
Utility Applications.

We provide source code, but no executables for the following sample applications:

*

*

*

*

*

*

simpleC
launcher
testPdu
testInter
testEnc
testDec.

The “test” applications show how to extend the supplied features of VR-Link by
creating your own PDUs, interactions, encoders, and decoders. They are in ./exam-
ples/extend.
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1.3. Simulation Standards Supported

1.3.1.

VR-Link supports the High Level Architecture and the Distributed Interactive Simula-
tion (DIS) protocol. Please refer to the RELNOTES file and release documentation for
a list of the versions of these simulation standards supported by your release of VR-
Link.

You can also check the MAK web site for platform support updates at:
http://www.mak.com/military/compatibility.html

For a brief discussion of DIS and HLA, see “HLA, DIS, and Protocol Independence,”
on page 3-4.

HLA FOM Support

VR-Link provides extensive built-in support for the Real-Time Platform Reference
FOM (RPR FOM). (See release documentation for version information.) The RPR
FOM is a reference FOM developed by the SISO-sanctioned RPR FOM Standards
Development Group, which consists of representatives from many companies that used
the DIS protocol in the pre-HLA era.

The goal of the RPR FOM is to facilitate a priori interoperability (to about the extent
we had in DIS) among HLA simulations that choose to use it. In other words, if you
use the RPR FOM (either as is, or with your own extensions), then you know that you
will be able to interoperate with anyone else who chooses to use this FOM. Another
advantage of using the RPR FOM is that many tools, including many of those offered
by MAK Technologies, are pre-configured for that FOM, meaning a faster road to
getting up and running in HLA.

FOM Agility

In addition to its built-in support for the RPR FOM, VR-Link can be configured to
work with other FOMSs, by using its FOM Mapper to define mappings between VR-
Link’s protocol-independent interface and the objects, interactions, parameters, and
attributes defined in your FOM. For more information about VR-Link’s FOM Agility,
see “FOM Agility,” on page 6-20.
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Installing and Configuring VR-Link

This chapter covers the following topics:

SYStEM REQUITEIMENTS .....cuveiiieiiiiesie e e 2-2
INSEAIING VR-LINK ...eviiiiiciece e 2-2
Installing VR-LINK 0N UNIX ....cooiiiiiiii e 2-2
Installing VR-LINK ON A PC......cooiiiieieeece e 2-3
VR-LinK Files INStalled..........ccooviiiiiieeieece e 2-4
Setting Up and Using the FLEXIm License Manager .........cccccoeveveereenesnnnnnn. 2-5
The FLEXIm Client-Server ArchiteCture .........ccocveverennenieneisescniens 2-5
Installing and Configuring the License Manager.........cccoovevvevieeiieevnnnnns 2-6
Installing the License Manager SOftWare ...........ccvcvevveveveseenesese e, 2-6
Requesting A LiCense File ........coooviiiiiiiiie e 2-7
Putting the License File in the flexIm Directory.......c.cccocevvvevvevieieinnnenn, 2-7
Adding Additional License Files.........ccoviieeieiieiiieniesirnsee e seesee e 2-9
RUNNINgG the LICENSE SEIVEN ......civiiveiieeieee et 2-10
Troubleshooting the FLEXIm License Manager .........cocevvvevvveieeieeernnnn, 2-10
Obtaining and Installing a Runtime Infrastructure (RTD.....cccccoovvivivernenen. 2-13
Installing the MAK RT 1 ....voviiiiiieeecececeeeeeeee et 2-13
Installing the DMSO RT1 ..c..ovviiiiiiiininieeee s 2-14
Configuring the Network for DIS Applications ..........ccccvvvevvevereieiiesiee, 2-16
Broadcast Address and Netmask (UNIX).....ccccoovveveiiiiiinin e, 2-16
Network Mask (WINGAOWS) ......ccvirerieieiieiieie et 2-16
UDP POIT...oiiicee ettt 2-17
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2.1. System Requirements

Please read the release documentation for information about system requirements and
platform support, or view our web site at: http://www.mak.com/military/compati-
bility.html

2.2. Installing VR-Link

This section explains how to install VR-Link on different operating systems and
describes the file structure. Please check release documentation to see if there have been
any changes in installation procedures.

2.3. Installing VR-Link on UNIX

To install VR-Link:
1. Mount the CD-ROM.
2. Run:

./install
3. Follow the on-screen instructions.

You can install VR-Link into any directory for which you have write permissions.
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2.4. Installing VR-Link On A PC

To install VR-Link on a PC:

1. Insert the VR-Link CD into your CD-ROM drive. If the autorun feature is
enabled, the MAK Multiple Installation Program screen opens (Figure 2-1).

If the MAK Multiple Installation Program does not open, open the Windows
Explorer. In the root directory for your CD drive, double-click setup.exe. The MAK
Multiple Installation Program screen opens.

2. In the MAK Multiple Installation Program screen, click VR-Link.

3. Follow the instructions of the installation program.

VR-Lisk
Sreat
Plin View Disply
Ploase selec RTI

TECHROLG@IES

& praduct
from the lisk to
install, or aat, L -
ﬂ:tff
Exit

Figure 2-1. MAK Multiple Installation Program
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2.5. VR-Link Files Installed

The installation process creates a directory called vrlinkx.x and a set of subdirectories
beneath it. Table 2-1 describes the contents of the subdirectories.

Table 2-1: Contents of VR-Link subdirectories

Directory Directory contents

/bin3 Executables for use with DIS version 2.0.3, including utilities and
example applications.

./bin5 Executables for use with DIS versions 2.0.4, 2.1.4, and IEEE
1278.x, including utilities and example applications.

./binRPR Executables for use with the HLA, including utilities and example
applications.

Jdoc VR-Link documentation in Adobe portable document format (PDF).

Jexamples Source directories for the example applications.

Jexamples/extend A directory with examples that show how to extend VR-Link by
creating new classes and interactions.

flexIm Files for the FLEXIm license manager.
Jinclude C+ + header files.
Jlib VR-Link C + + libraries. On PCs, contains multithreaded (MT) and

multithread DLL (MD and RT) libraries.

On PCs, the default installation directory is C:\Program FilesS\MAK\VRLinkx.x.
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2.6. Setting Up and Using the FLEXIm License Manager

2.6.1.

VR-Link, like other MAK Technologies products, uses the FLEXIm license manager.
Before you can use VR-Link, you must obtain a valid license file and configure the
license server and client machines. (For information about FLEXIm, view the FAQ
page at www.globetrotter.com/fimfag.htm.) Contact the MAK Technologies sales
department for information about special licensing agreements.

The FLEXIm Client-Server Architecture

This section explains the FLEXIm architecture to provide a context for the setup
instructions that follow. FLEXIm uses a client-server architecture. The FLEXIm execut-
able, makimgrd runs on one computer, known as the license server. This machine
services every machine (including possibly itself) on which you want to run a MAK
Technologies product. The machines on which the MAK Technologies products are
running are called clients.

The license server has a license file (supplied by MAK Technologies). This file identifies
the MAK Technologies products for which you have licenses. On each client machine,
the MAKLMGRD_LICENSE_FILE environment variable (which you must set)
points to the server.

Licenses “float”, so you can install product software on more machines than you have
licenses for, but at any given time, you can run only as many instances of a product as
you have licensed.

The license key in the license file is tied to the host id of the server machine.
Therefore, if you decide to change the server, you need to get a new license
file. Then, you must update the MAKLMGRD_LICENSE_FILE
environment variable on every client. This is not a trivial process, and is not
recommended.

Figure 2-2 illustrates the client-server architecture for FLEXIm and MAK products.
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Server FLEXIm server
mak.lic

LAN

Clients

VR-Link VR-Link Stealth

Stealth Logger MAK RTI Logger
Logger PVD Stealth PVD

MAKLMGRD_LICENSE_FILE environment variable is set on each client.

Figure 2-2. FLEXIm example architecture

2.6.2. Installing and Configuring the License Manager

The general procedure for installing and configuring license management is as follows
(each step is explained in the rest of this section):

1.

2
3.
4

Install license manager software.
Request a license file.
Put the license file in the flexlm directory on the license server.

Set the MAKLMGRD_LICENSE_FILE environment variable on all client
machines.

If you have MAK Technologies products installed and you purchase additional licenses
or products, you must get a license file for the new products or licenses. For this proce-
dure, see “Adding Additional License Files,” on page 2-9.

Installing the License Manager Software

As part of the installation of all MAK products, the FLEXIm software is installed in the
flexIm directory under the root product directory.

1.
2.

2-6

Install your MAK products on the machine(s) on which you want to run them.

If this is a networked system, and you did not install MAK software on the license
server, copy the flexim directory from a client machine to the license server
machine.

MAK Technologies



Installing and Configuring VR-Link — Installing and Configuring the License Manager

Requesting A License File

License files are keyed to the host id of the license server. You need to supply MAK with
some information so that we can generate a license file for you.

To get a license file:
1. On the license server, in a command window, change to the flexim directory.

2. Execute Imhostid. This program generates a unique number that MAK uses to
generate your license activation codes. Write down the number.

3. Go to http://www.mak.com/support/keyintro.ntm and complete the license key
request form. MAK will e-mail you a file named mak.lic.

To get a license file, you need to know the name of the license server machine. To get
the name of your machine follow the procedure for your operating system:

UNIX

At a command prompt, type host nane.

Windows 95/98/NT

1. On the Start menu, choose Settings — Control Panel.
2. Open the Network applet.

3. Select the Identification tab. The machine name is listed in the Computer Name
field.

Putting the License File in the flex/m Directory

After you receive the license file, put it in the flexlm directory on the license server.

If you already have a mak.lic file in the flexlm directory, do not overwrite the
file. See the instructions in “Adding Additional License Files,” on page 2-9.
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Setting the MAKLMGRD LICENSE_FILE Environment Variable

The MAKLMGRD_LICENSE_FILE environment variable identifies the server
machine so that the FLEXIm software on a client can check out a license when you run
a MAK Technologies product. You must sst MAKLMGRD_LICENSE_FILE on every
client machine.

If you are running MAK Technologies products on the license server
machine, it is also a client, so you must set MAKLMGRD_LICENSE_FILE.

The syntax for the environment variable is: @Server_name. For example, if the server
machine is oak, set the environment variable to @ak.

The following sections explain how to set environment variables on the different plat-
forms that MAK Technologies products run on.

Windows 95/98

On Windows 95/98, you set environment variables by adding or editing lines in the
Autoexec.bat file. To set the MAKLMGRD_LICENSE_FILE variable, add a line similar
to the following:

set MAKLMGRD LI CENSE_FI LE=@ak

Do not put spaces around the equal (=) sign.

Windows NT

On Windows NT, you set environment variables in the Environment tab of the Proper-
ties dialog box for the machine:

1. Right-click the My Computer icon on the Desktop.

2. On the pop-up menu, select Properties. The System Properties dialog box
opens (Figure 2-3).

3. Select the Environment tab.
4. In the Variable text field, type MAKLMGRD_LICENSE_FILE.
5. In the Value field, type the value, for example:

@ak

MAK Technologies



Installing and Configuring VR-Link — Adding Additional License Files

GlatupShisdown | HadeseProlies | UserPaoiles |
Gierersl ] Fefoimancs Erwaonment

Spsiam 'V isbiss

"arisbls W =

ClaaaPath C:'Frogam FleshEwmeed nithcioss op WP

Confipe: CAWANMT system38vormd e —_

WSHMPUT & W TILVHARDP0 T WHSINPUIT

MUMBER_OF_FR._ 1

05 Whrwdowz_HT =|
e Waniables fon BRAK_cisiomes

‘Wavisble e

TEMP CATEMP

TMF CATEMF

Waisbler [MARLMGAD_LICENSE_FILE
Ve [Finas

[ s | Do |

ok | conce | |

Figure 2-3. Setting an environment variable in Windows NT
UNIX

On UNIX, you set environment variables in your .cshrc (or equivalent startup file). Set
the variable similarly to the following example:

set env MAKLMGRD_ LI CENSE_FI LE @ak

You are ready to run the license server and use your new licenses or MAK products. See
“Running the License Server,” on page 2-10.

2.6.3. Adding Additional License Files

If you buy additional MAK products, or additional licenses for products you already
have, you must get an additional license file.

> To request an additional license file, follow the same procedure as for your first
license file. See “Requesting A License File,” on page 2-7.
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2.6.4.

2.6.5.

2-10

To add a new license file to your license server:

1. When you get the new license file, rename it from mak.lic to something like
mak2.lic, or some other name ending in .lic, so that it has a different name from the
license file(s) currently in the flexIm directory on the license server.

2. Put the renamed file in the flexIm directory on the license server, with the other
license files.

You can now use the new products or additional product licenses.

Running the License Server

The FLEXIm license server must be running on the server machine before you can run
your MAK applications.

> To start the license server, on the server machine only, execute runLm from the
[flexIm directory.

> To obtain the current status of the server, run Imstat.

Do not execute more than one instance of runLm at a time. If you aren't sure
whether or not the license server is running, execute Imstat.

Shutting Down the License Server

> To force all applications to check in their licenses and shut down the license server,
run Imdown.

Troubleshooting the FLEXIm License Manager

For general troubleshooting information, refer to the FLEXIm FAQ at www.globe-
trotter.com/fmfag.htm. It describes common problems, including the majority that
have been reported to MAK support engineers. Please consult the FAQ first when you
have a problem.
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Unable to Get A License

If you are unable to get a license for a MAK application and the FLEXIm log file (LOG)
indicates that the port is in use, it is possible that you have more than one Imgrd or
makImgrd processes running. It is also possible that an application that was using a
license is thought to have terminated, but is still alive. To verify and resolve these possi-
bilities:

1. See if more than one Imgrd or makimgrd process is running.

On Windows 95/98/NT, check the Task Manager. To open the Task Manager,
press Ctrl-Alt-Delete.

On UNIX, enter the following commands:

ps -aux | grep I ngrd
ps -aux | grep naklngrd

If more than one instance of either process is running, write down the process ids
(PID).

| Some UNIX systems use ps - aux, others ps - ef to check processes. Use
the command appropriate for your operating system.

2. If there are old processes present that may be using a license, Kill them.
On UNIX, kill a process with the kill command, for example:
kill -9 1385 878
where 1385 and 878 are process IDs.
On Windows NT, select a process and click End Process.

It is important that you kill all the processes to ensure a clean restart for the license
server.

3. Ifiinstep 2 you Killed the license server, start it with the r unLmcommand.

Preventing Multiple License Manager Processes

We recommend that you keep the license server running and that you not start and stop
it as you run applications. If you prefer to stop the license server when you are not using
it, always use | ndown to stop it.

Whenever you start the license manager, first run Imstat to be sure that there is not
already a license server process running. Following this practice will ensure that you do
not start multiple license servers.
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License Manager Cannot Find MAK License Management Executable

If your license manager gives you an error message indicating that it cannot find the
license management executable, try putting the pathname in the license file as follows:

1. Open the license file (mak.lic) in a text editor.

2. Edit the license file to specify the location of the makimgrd executable on the server
machine. The file supplied by MAK represents this location with a dot as shown
below:

DAEMON mekl mgrd .
Replace the dot with your absolute path to maklmgrd, for example:
DAEMON mekl mgrd " C:\ Program Fi | es\ MAK\ f | ex| m\ makl ngr d”

On PCs, you must enclose the path in quotes.
The drive letter must be uppercase.
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2.7. Obtaining and Installing a Runtime Infrastructure (RT])

2.7.1.

An RTI (Run-Time Infrastructure) is a software library (and perhaps supporting
executables) that implements the HLA Interface Specification. In HLA, applications
exchange FOM data through RT1 calls, which means that all HLA applications need to
use an RTI.

Because of differences in the low-level network mechanisms used by different
RTI implementations (which include, but are not limited to packet layout),
applications that want to interoperate in the same federation execution must
use the same RT1 implementation.

Because RT]ls are usually provided as dynamic libraries that implement a fixed API, a
federation can often switch from one RTI implementation to another between runs
(without even recompiling the applications), but during each run, all participants must
agree on which RTI to use, much as they must also agree on which FOM to use.

The two RTI implementations against which all MAK products have been tested are
the MAK RTI (which comes with all MAK products), and the DMSO RTI (which is
available from the DMSO web site). For the most recent information about the RTI
versions supported by VR-Link, see the Product Versions page on the MAK Technolo-
gies web site at: http://www.mak.com/military/compatibility.html.

Installing the MAK RTI

The MAK RTI is included with all MAK products and you have the option of
installing it as part of product installation.

UNIX

The installation process creates a link called RTI in each product's root directory, which
points to the makRti directory, in which the MAK RT1 software is located.

PCs
The project files point to the default installation directory for the RTI.

Configuring Your System to Use the MAK RTI

The RTI dynamic library needs to be located somewhere on your dynamic library
search path. This path is indicated by an environment variable as follows:

+ For IRIX6n32 use LD_LIBRARYN32_PATH

+ For DEC Alpha, use PATH

+ On other UNIX platforms use LD_LIBRARY_PATH

¢+ On PCs, use PATH
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2.1.2.

2-14

The MAK RTI needs to know where to find the following configuration files:
+ The FED file (.fed) for your federation execution (required)
+ The RID file (rid.mtl) (optional)

Put the configuration files in the directory from which you are running, or set the envi-
ronment variable RTI_CONFIG to the directory that contains them.

Running Applications with the MAK RTI

You do not need an RTI server, such as the rtiexec, or central application to use the
MAK RTI, however you can run the rtiexec if you want to. Be sure the FlexIm license
server is running, then start the applications, and they should be able to communicate.
(For information about the license server, see “Setting Up and Using the FLEXIm
License Manager”.) See the MAK RTI Reference Manual for information about the
rtiexec and changing the networking parameters such as multicast addresses and UDP
ports.

Documentation for the MAK RTI
The documentation for the MAK RT]1 consists of:

+ MAK RTI Reference Manual

+ The documentation set for the DMSO RTI. Aside from the installation and
configuration instructions, the documentation for the DMSO RTI also applies to
the MAK RTI. It is included on the MAK product CD.

Installing the DMSO RTI

You can get the DMSO RTI from DMSQO's web site (http://hla.dmso.mil). Click on
Software Distribution Center, where you can register for an account, then later down-
load the RT1 software. Documentation for the DMSO RTI is provided on the MAK
product CD because the documentation applies to the MAK RT]1 as well.

Consult the DMSO RTI Release Notes to determine version information and whether
or not any patches are required.

1. Install the RTI according to the instructions provided.

2. Copy the VR-Link.fed file from the MAK products root directory to the DMSO
RTI's config directory.

Configuring Your System to Use the DMSO RTI
To configure the environment:
> On UNIX systems, source the RT1.env file.

> On Windows systems, set environment variables and add the RTI location to your
path. The RTI's README file contains detailed instructions.
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Running Applications Using the DMSO RTI

To use the DMSO RTI, you need to run the RT1 executive (rtiexec). This executable
resides in the RTI's bin/platform_name directory (UNIX) or in the RTI's bin directory
(PCs). Run rtiexec only on one machine, regardless of how many HLA applications you
are running.

Once the rtiexec is running, you can run HLA applications.
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2.8. Configuring the Network for DIS Applications

2.8.1.

2.8.2.

2-16

In a typical DIS exercise, VR-Link applications communicate with other DIS applica-
tions using broadcast UDP/IP over a local area network. In such a configuration:

« All applications in the exercise use the same IP broadcast address, and each applica-
tion’s host machine has a network interface device configured for that address.

+ All machines must share a common netmask.
+ All participating applications must use the same UDP port.

Typically, machines on a LAN will already have the correct broadcast addresses, so VR-
Link applications will be able to communicate with each other immediately. However,
if applications are unable to achieve two-way communication, the network devices may
be improperly configured.

Broadcast Address and Netmask (UNIX)

Network devices should be configured so that all machines agree on the netmask and
on the part of the network address (inet) covered by the netmask. On UNIX-based
systems, you can use the i f conf i g command to examine and set the configuration of
network devices. For example, to set the netmask use:

i fconfig device_nane netmask OxFFFFO000

Because some machines fill unspecified bits in a broadcast address with 1's (as VR-Link
does), while others fill it with 0's, VR-Link computes the broadcast address itself using
the device's netmask and host address. Thus, the broadcast address used by VR-Link is
the same as that reported by i f confi g on an SGI, but not the same under SunOS
4.1.x.

Some machines have more than one network device capable of broadcasting. Unless
your application is designed to specify a specific device or address (which is possible
using VR-Link routines), a VR-Link application will use the broadcast address of the
first device listed in the interface table by default.

See your system administrator if you need help with network issues.

Network Mask (Windows)

Under Windows NT, VR-Link assumes you are running on a class C network using a
netmask of 255.255.255.0. (In a class C network, the first three components of the IP
address are the same for all machines. In a class B network, the first two components of
the IP address are the same; the second two identify the machine.)

If your machine is configured to use a netmask other than 255.255.255.0, create a
DtNetmask environment variable to specify your netmask.
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2.8.3.

Under Windows 95/98, VR-Link automatically figures out your machine’s netmask.
However, if you specify a DtNetmask environment variable, VR-Link uses the value you
specify.

The DtNetmask variable should specify your netmask in a C-language style hexadec-
imal format. For example:

if your netmask is: 255.255.0.0
: . N\ jl /
the hexadecimal representation is: OxFFFF0000

The default value of DtNetmask is OxFFFFFFOO, which corresponds to the netmask
255.255.255.0.

Setting the Network Mask for Windows NT
To set the DtNetmask variable for Windows NT:
1. Start the Windows NT Control Panel. Open the System applet.

2. Enter the DtNetmask variable name and appropriate hexadecimal value in the
fields at the bottom of the System dialog box.

3. Click Set.

Setting the Network Mask for Windows 95/98
To set the DtNetmask variable for Windows 95/98:

1. Add the following line to your AUTOEXEC.BAT file (replace the hexadecimal
number with your netmask):

SET Dt Net mask=0xFFFF0000
2. Reboot the PC.

UDP Port

In addition to the broadcast address, the applications in an exercise must also agree on
the UDP port number.

The pre-built applications that ship with VR-Link use port 3000 by default (with the
exception of vrlinkd, which requires that you specify a port number as a command-line
argument). Most applications let you set the port number with the - P port option.
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VR-Link Concepts

This chapter provides a general explanation of how VR-Link works. It covers the
following topics:

VR-Link is A Multi-Layered TOOIKIt ..........cccooveveiiiiiiiie e 3-3
MUltiple Layers Of ACCESS......civvivirreiesiesieereeesesesee e ste e sre e 3-3
HLA, DIS, and Protocol INdependence ..........ccooveeieieiieieie e 3-4
High Level Architecture (HLA) ......coove e 3-4
The DIS ProtOCOL ......ccoiieieieseeeese et e 3-5
Protocol INAEPENUENCE ......oviiiieeeecie e 3-5
Obtaining Further Information about HLA and DIS...........cccccceevenene, 3-6
A Conceptual Overview of VR-LINK .........ccccooiiiiiiiiiiiie e 3-7
VR-Link’s Protocol-Independent CIasses ........ccevvvvveveienieseereesiesieennnns 3-7
COoNNECLING 10 AN EXEICISE ...vivvevveiiiee ettt st 3-9
Managing State INformation ...........cccceiiiiir i 3-10
Managing Locally Simulated ENtities.........c..ccceeviieiieieie e 3-11
Managing Remote ENtItIeS .....ccoevieeiieieciic e 3-11
Managing Information ADOUL EVENTS........cccveieiiieiie e ee e 3-12
Sending Local INteractions ..........c.ccevieveeiereeiese e 3-12
Receiving Remote INteractions ...........ccceevvovreeienienieseeeeee e 3-12
Other SIMUIAtion CONCEPLS ....veverieeieieeieeieee e 3-13
ManNagiNg TiME......vcveieiiie ettt sre s 3-13
1deNtifyiNg ODJECES.....cueeeiiecieiiee e 3-14
USING CallbaCKS.......civveiiceciice e 3-14
Co0rdiNate SYSEEMS .....ecveeiee ettt 3-16
Dead-Reckoning and SMOoOthing..........cccveveveieiineeie s 3-17
THMESTAMIPS ...t 3-18
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Basic VR-LINK EXAMPIES.......cccviieiiieiecie e 3-19
A Listen-Only EXAMPIE.......cooiiiiiieie e 3-19
A Send-Only EXample.....cocciiieiicc s 3-22
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2.1. VR-Link is A Multi-Layered Toolkit

VR-Link is a toolKkit. It supplies you with the classes, functions, and utilities you need
to write a simulation application, but unlike a framework, it doesn't provide a structure
that you are required to use. For example, you will probably want to check the state of a
locally-simulated entity at periodic intervals, but VR-Link doesn't care whether you do
that using a loop (as Example 1 does), or by using a timer or some other mechanism.

. Multiple Layers of Access

As a VR-Link developer, you have several options for approaching application develop-
ment:

+ Work through the protocol-independent interface, which with minimal modifica-
tions, allows you to create applications that work with both HLA and DIS and
shields you from many of the intricacies of the underlying protocol-specific classes
and functions. Most VR-Link users take this approach.

«+ If you want to tailor your application to HLA or DIS, you can go below the
protocol-independent interface and take advantage of the protocol-specific classes.

+ To fully realize the potential of VR-Link and meet your most demanding simula-
tion needs, you can:

— Extend VR-Link by creating new classes for HLA objects and interactions or
DIS PDUs.

— Use the FOM mapper to support additional FOM:s.

All users will want to read this chapter (VR-Link Concepts), Chapter 5, The Protocol-
Independent Interface, and Chapter 10, Example and Utility Applications. Users focused
on a specific simulation standard should add the protocol-specific chapter of their
choice to this list. Users who want to extend VR-Link will need to understand the basic
functioning of VR-Link as well as sections devoted to subclassing and creating your
own objects and interactions.
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3.2. HLA, DIS, and Protocol Independence

3.2.1.

It is beyond the scope of this manual to fully describe DIS and HLA. However, in this
section we briefly describe them as a foundation for the concepts and terms discussed in
the rest of this chapter.

High Level Architecture (HLA)

HLA is required by the Department of Defense for use in all DoD simulations. In
HLA, the types and formats of data to be exchanged among simulators are not stan-
dardized, as they are in DIS. Groups of simulators that want to play together must use
the same Federation Object Model (FOM) and Run-Time Infrastructure (RTI1). FOMs
and RTIs are described in the next two sections.

The Federation Object Model (FOM)

Every federation execution requires a Federation Object Model (FOM), which defines
the data model for the federation execution. Members of a federation execution can
develop a FOM themselves, use an existing reference FOM, or build a FOM by starting
with a reference FOM and adding to it or modifying it.

A FOM is implemented through a Federation Execution Data (FED) file, which
contains a subset of the FOM that is required by the RTI. VR-Link 3.x has extensive
built-in support for the Realtime-Platform Reference FOM (RPR FOM). More specifi-
cally, VR-Link supports the FOM defined within the FED file called VR-Link.fed,
which is stored in the VR-Link home directory. VR-Link.fed represents the RPR FOM,
plus a few extra classes that we have added.

The RPR FOM is a reference FOM developed by the SISO-sanctioned RPR FOM
Standards Development Group, which consists of representatives from many compa-
nies that used the DIS protocol in the pre-HLA era.

The goal of the RPR FOM is to facilitate a priori interoperability (to about the extent
we had in DIS) among HLA simulations that choose to use it. In other words, if you
use the RPR FOM (either as is, or with your own extensions), then you know that you
will be able to interoperate with anyone else who chooses to use this FOM. An advan-
tage of using the RPR FOM is that many tools, including many MAK Technologies
products, are pre-configured for that FOM, providing you a faster way to get up and
running in HLA.

However, as HLA matures and gains wider use, we can expect that more FOMs will be
developed and simulation developers need to consider whether or not their applications
will have the flexibility to work with different FOMSs. VR-Link has features that allow
you to work with new or modified FOMs and you can extend FOMs to meet your
needs. The ability to work with a variety of FOMs is called FOM-agility.

As a FOM-agile toolkit, VR-Link can be configured to work with other FOMs, by
using its FOM Mapper to define mappings between VR-Link’s protocol-independent
interface and the objects, interactions, parameters, and attributes defined in your FOM.
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3.2.2.

3.2.3.

For information about how VR-Link implements FOM-agility, see “FOM Agility,” on
page 6-20. Please see the Release Notes for a list of the RPR FOM versions supported
by your version of VR-Link. You can also view product version information on the
MAK web site at http://www.mak.com/military/compatibility.ntml.

The Run-Time Infrastructure (RTI)

An RTI is an implementation of the HLA interface specification, that is, the services
that make up the standard RTI application programmer’s interface (API). An applica-
tion can call the functions in the RTI’s API either directly or through VR-Link. The
HLA rules specify that federates must use the RT| to exchange all simulation data.

The DIS Protocol

The DIS protocol is a set of standards that govern how participating applications share
information about a virtual world. The protocol specifies a set of packets, called
Protocol Data Units (PDUs), that communicate this information. Each PDU identifies
the sender and contains other information depending on the PDU type. The DIS
protocol also specifies when and how frequently PDUs are sent.

DIS 2.0.4 and IEEE 1278.1-1995 are equivalent, as are DIS 2.1.4 and IEEE
1278.1a-1998.

Protocol Independence

In this manual, the Protocol-Independent API refers to a set of classes that encompass
most of the features of VR-Link and allow you to create applications that will work in
both DIS and HLA without significant modification.®

When you create a protocol-independent application, you do not create one executable
that works with both protocols; you write one application and compile it for each
protocol by specifying the protocol at compile time. In cases where a class uses different
constructors or functions depending on the protocol, such as creating an exercise
connection, you need to use #ifdef(s) so that your application compiles using the
correct constructors.

1.

MAK VR-Link Developer’s Guide

HLA is not actually a protocol, it is an architecture (as its name indicates). However, within
HLA, an RTI and FOM combination could be considered a protocol, in that they specify the
format and content of data exchanged among simulation participants. And since your appli-
cation is actually interacting with other simulations via the RTI, it is fair to speak in terms of
protocol-independence.
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3.2.4. Obtaining Further Information about HLA and DIS

For information about HLA rules and specifications, visit the HLA Web site at:
http://hla.dmso.mil/

You can find general DIS information in the document library at the Simulation
Interoperability Standards Organization (S1ISO) home page:

http://www.sisostds.org/doclib/

The IEEE documentation of IEEE 1278.1-1995 and 1278.1a-1998 has superseded
documentation of DIS 2.0.4 and DIS 2.1.4. For documentation of the IEEE 1278.1-
1995 or 1278.1a-1998 versions of DIS, you can obtain the publications, IEEE Standard
for Distributed Interactive Simulation, Application Protocols and Enumeration and Bit
Encoded Values for Use with Protocols for DIS Applications at the IEEE World Wide Web
site:

http://standards.ieee.org/catalog/index.html

Enumeration and Bit Encoded Values for Use with Protocols for DIS Applications (DIS
enumerations document) is also available at the SISO site. Portions of the DIS enumer-
ations documents are available for view at: http://siso.sc.ist.ucf.edu/dis/dis-dd/
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2.3. A Conceptual Overview of VR-Link

3.3.1.

A simulator or other HLA/DIS application performs several tasks in order to interact
with other players in a virtual world. These tasks typically include:

+ Connecting to an exercisel. The application must create an object through which it
can send and receive simulation data. That object should provide an efficient way
to direct incoming data to other parts of the application.

+ Managing state information. The application must inform other exercise partici-
pants about the states of its locally generated objects, such as entities, aggregates,
transmitters, and so on. The application typically must receive, process, and
manage state information about remote objects.

+ Managing information about events. The application must inform other partici-
pants about interactions such as collisions or fire/detonations involving a locally
simulated entity, and receive and process events and interactions sent by other
applications.

VR-Link provides classes that facilitate these tasks.

VR-Link's Protocol-Independent Classes

VR-Link provides the following categories of protocol-independent classes:

+ Exercise Connection — A class that serves as the application’s interface to the RT1 or
to the DIS network.

+ Object management classes — Classes that maintain state information of local and
remote objects, and handle the sending and receiving of state updates.

+ Interaction classes — Classes that provide a protocol-independent API to either
HLA interactions or DIS PDUs that represent events.

VR-Link also provides protocol-specific classes and features. However, in most cases,
your code does not need to interact directly with them.

To make the job of writing an application easier, VR-Link includes conversion routines,
mathematical functions, and other useful functions. These are described in Chapter 10,
Example and Utility Applications and Chapter 9, Utilities.

1

The HLA counterpart to a DIS exercise is a federation execution. For simplicity, we use the
term exercise to represent both.
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Figure 3-1 shows how classes in a VR-Link application interact. Your application code
can interact with classes at any level, and with the RTI or DIS network directly.
However, for most applications, you can rely on the protocol-independent classes,
which are generally easier to use. VR-Link utilities, such as the coordinate conversion

utilities are also available to application code and VR-Link classes.

Application code

VR-Link
protocol-independent
classes .
VR-Link
. DIS HLA utilities
interface interface
DIS network RTI

Figure 3-1. Structure of a typical VR-Link application

Protocol-Independent Object Management Classes

VR-Link provides a protocol-independent interface to various logical types of objects
that are typically simulated in real-time platform-level simulations. For each logical type
of object (entities, aggregates, transmitters, and so on), the following classes provide this

interface:

+ An object publisher class, for example, DtEntityPublisher, which manages the
sending of updates for a locally simulated object to the exercise through its DtExer-

ciseConn. Object publishers are derived from DtObjectPublisher.

+ A reflected object class, for example, DtReflectedEntity, which represents a remote
object. A DtReflectedEntity maintains the current state of the object based on
updates received from the exercise through its DtExerciseConn. Reflected objects are

derived from DtReflectedObject.
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+ Areflected object list class, for example, DtReflectedEntityList, which keeps track of
remote objects. It creates and destroys reflected objects based on information
received from the exercise through its DtExerciseConn. Reflected object lists are
derived from DtReflectedObjectList.

+ A state repository class, for example, DtEntityStateRepository, which is used by both
publishers and reflected objects to store the state of the object they represent. State
repositories are derived from DtStateRepository.

DtEntityStateRepository and DtAggregateStateRepository are derived from a common class
DtBaseEntityStateRepository. DtBaseEntityStateRepository is derived from the general base
class DtStateRepository.

Below the protocol-independent interface are many lower-level objects that help
manage objects in HLA. The lower-level objects are for the most part hidden by the
higher-level interface and don't typically need to be used by application code directly.
These lower-level objects are described in Chapter 6, The HLA-Specific Interface.

2.4. Connecting to An Exercise

VR-Link applications connect to an exercise through an exercise connection. Exercise
connections are implemented through the class DtExerciseConn. Higher level VR-Link
classes use the DtExerciseConn to set and receive state information and other data. The
member functions of DtExerciseConn allow an application to do the following:

Send interactions to the exercise

Read input from the network

Generate event 1Ds

Register callback functions that are executed each time VR-Link receives interac-
tions and other input from the network.

*

*

*

*

For more information about exercise connections, see “Connecting to Exercises,” on
page 5-4.
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3.5. Managing State Information

A VR-Link application usually must maintain information about objects being simu-
lated locally and communicate this information to other participants in an exercise.
The application must also obtain information about remote objects and represent them
locally.

Figure 3-2 illustrates how a VR-Link application manages state information. The
elements of the figure are described in the remainder of this section. In a DIS exercise,
locally simulated entities are included in the reflected entity list.

| In the remainder of this chapter, we talk about concepts primarily in the
context of entities. However, most aspects of entity management apply to
other objects, such as aggregates and transmitters, as well.

Remote Remote Remote Remote
entity 1 entity 2 entity 3 entity 4
simulation simulation simulation simulation
! | | Y Network
)
|
|
. Y
‘ Exercise connection ‘

- I reflected entity list -
entity entity | entity
state e > publisher |~~~ 7" reflected entity 1 > state

repository repository
Locally simulated entity entity
reflected entity 2 —»  state

repository
entity
reflected entity 3—»-|  state

repository
entity
reflected entity 4 —»|  State

repository

Figure 3-2. Managing state information
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3.5.1.

DIS only

HLA only

3.5.2.

Managing Locally Simulated Entities

Each locally simulated entity is represented by a DtEntityPublisher, which maintains
state information in a DtEntityStateRepository. The DtEntityPublisher sends state update
messages to the other exercise participants through the exercise connection. Figure 3-2
illustrates a DtEntityPublisher sending information through an exercise connection. The
DtEntityStateRepository class has functions that let you inspect the components of an
entity’s state and change its state.

The frequency with which your application sends updates to the exercise depends on
your protocol.

In a DIS exercise, state updates are sent when the state of an entity changes and at
regular intervals (heartbeats), regardless of whether there are any changes to the entity.

The HLA seeks to minimize unnecessary network traffic. Therefore in an HLA federa-
tion execution, state updates are sent only under the following conditions:

+ When update conditions (as specified by the FOM) have been met and a federate
has subscribed to the entity attribute that changed. (Subscription is the process by
which a federate tells the RTI that it wants to be notified about changes to an
object.) The update condition for most attributes is any change since the attribute
was last sent.

+ When a specific request for an update is received from another federate or the RTI.

For more information about managing local entities, see “Working with Entities,” on
page 5-14.

Managing Remote Entities

A VR-Link application receives information about remote entities through the exercise
connection. The function DtExerciseConn::drainlnput() causes VR-Link to read and
process input. VR-Link maintains a list of remote entities in a DtReflectedEntityList.
Each entity known to the DtReflectedEntityList has a DtReflectedEntity to represent it.
The DtReflectedEntity maintains the state of the entity in a DtEntityStateRepository. As
with locally simulated entities, you can inspect the components of an entity’s state. VR-
Link also provides functions to track when entities join or leave an exercise.

Figure 3-2 illustrates a DtReflectedEntityList and DtReflectedEntitys.

For more information about remote entities, see “Working with Remote Entities,” on
page 5-21.

You may have noticed that the class names we use for managing entities
reflect the terminology used by HLA, that is, publishing and reflecting.
Although we use this terminology for our protocol-independent classes, for
DIS, VR-Link sends the proper PDUs for state updates or interactions.
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3.6. Managing Information About Events

3.6.1.

3.6.2.

3-12

We use the term interaction to refer to events such as the firing of a munition, detona-
tion of a munition, or collision of entities.

VR-Link manages interactions through classes derived from Dtlnteraction. Usually, the
name of an interaction class includes the interaction type, for example, the class for a
fire interaction is DtFirelnteraction.

Sending Local Interactions

For locally-defined interactions, such as firing a munition from a locally simulated
entity, you create an instance of the appropriate interaction class, set its values, and send
it through the exercise connection. For more information, see “Sending Interactions,”
on page 5-11.

Receiving Remote Interactions

A VR-Link application receives notification of a remote interaction through its exercise
connection. The function DtExerciseConn::drainlnput() causes VR-Link to read and
process input. The local application reacts through the use of callback functions.

There are no built-in functions for reacting to remote interactions. You must write a
callback function for each type of interaction that you want to respond to and register
the callback function with the interaction class. When your application is notified that
an interaction event has occurred, it passes the interaction type and affected object to
your callback function, which executes whatever code you've written. For information
about callbacks, see“Using Callbacks,” on page 3-14.

Interactions are transient, that is, they are deleted by VR-Link immediately
after the last callback function registered for the interaction is called.
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J.7. Other Simulation Concepts

This section describes how VR-Link implements the following simulation and
programming concepts:
+ Time
+ Obiject identification
Callbacks
Coordinate systems
Dead-reckoning and smoothing
Time stamps.

*

*

*

*

3.7.1. Managing Time

The VR-Link toolkit maintains the concept of VR-Link simulation time for use in
dead-reckoning of remote entities and thresholding of local entities. Typically, VR-Link
simulation time is set once during each iteration of the application's main simulation
loop so that all entities are dead-reckoned based on the same value of current time. VR-
Link simulation time is set by calling DtSetSimTime().

Usually, you will want to advance VR-Link simulation time each frame, in proportion
to the amount of real time that has elapsed since the previous frame, so that it becomes
a discrete approximation to (possibly scaled or offset) real time.

In a fixed frame rate application, like VR-Link's f18 example, VR-Link simulation time
can be managed as follows:
DtTimelnit();

Dt Tine dt = .05;// Each time step is .05 seconds
Dt Tine sinline = 0.0;// Represents current tine

/1 Main simulation | oop
while(...)
{

Dt Set Si nili me( si nili ne) ;

/'l Do stuff

/1 Advance sinfine by dt
sinlime = sinflinme + dt;
/1 Sleep till the next nultiple of .05 seconds
Dt Tinme tinmeTill NextFrame = siniline - Dt GetEl apsedReal Ti me();
Dt Sl eep(ti meTil | Next Frane) ;
}

In a floating frame rate application — where you go on to the next frame as soon as
you're done with the previous one — you can pass the current time to DtSetSimTime()
each frame:

DtTimelnit();

/1 Main simulation | oop
while(...)
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3.7.2.

DIS only

HLA only

3.7.3.

3-14

Dt Set Si nili me( Dt AbsReal Time());

/1 Do stuff

}

For more information, see “Time-Related Utilities,” on page 9-16 and “Timestamps,”
on page 3-18.

Identifying Objects
One concept that HLA and DIS handle fairly differently object identification.

In DIS, entities are identified by a triplet (site, application, entity) known as an Entity
Identifier. Other types of objects are usually identified using the IDs of their host enti-
ties plus a single additional ID number.

In HLA, objects have several different identifiers, including:

+ An Obiject Handle, which is used within a federate to identify a particular object in
an RTI service invocation

+ An Object Name, which is used within interactions and attribute updates
exchanged among federates.

See “ldentifying Objects,” on page 5-32 for more information about the various types
of identifiers, and to see how VR-Link accounts for these differences.

Using Callbacks

Callback functions are functions that a toolkit user writes and registers with the toolkit
by passing a pointer to the function as an argument to a callback registration function.

The toolkit, in this case VR-Link, will then call your function in response to some spec-
ified event.

There are several places in VR-Link where callback functions are necessary to take
advantage of certain functionality. For example, in order to process incoming interac-
tions or DIS PDUs of a certain kind, a user registers an interaction callback or PDU
callback with the appropriate VR-Link interaction class or PDU class. This is accom-
plished using the class’s addCallback() static member function. Subsequently, whenever
VR-Link reads that type of interaction or PDU from the RT1 or DIS network, VR-
Link calls your callback function, passing it a copy of the relevant interaction or PDU.
In most cases, including this one, the callback gets called from within DtExercise-
Conn::draininput() - the VR-Link function that causes input to be read from the exer-
cise.
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Other places where callback functions are used in VR-Link include the following:

+ You can register an entity addition or entity removal callback with a DtReflectedEn-
tityList. These functions will be called, also from within drainlnput(), whenever we
receive word from the exercise that a remote entity has joined or left the exercise.

+ A post-drain callback is a general callback function that can be registered with a
DtExerciseConn, and is called from within drainlnput() regardless of what data has
been read from the RT1 or DIS network. These callbacks are executed after we have
finished reading data and have executed other, more specific callbacks.

Because callback functions are passed as regular function pointers to VR-Link’s callback
registration functions, the callback functions themselves cannot be non-static member
functions of a class. They can be global (C-style) functions, or static class members. In
order to have a non-static member function of a class be executed as a result of some
VR-Link event, you can call the member function from within your callback.

Some callback functions have specific required function signatures, but most types of
VR-Link callback functions have a trailing voi d* argument that is usually called usr.
Corresponding callback registration functions also have a trailing usr argument. This
allows you to register an arbitrary pointer with VR-Link along with your callback func-
tion. When VR-Link executes your callback function, the pointer that you registered is
passed to your function as usr.

Often, the usr argument passes a pointer to an object on which you would like to call a
member function. Simply cast usr back to the object’s type within the callback. For
example:

class MyQbj

{

public:
/1 The function we would like to call.
voi d soneFunc();

/1l A static menber function to be registered as an interaction
/1 callback with the DtFirelnteraction class. Wen this function
/1 is called by VR Link, usr will contain a pointer to the object
/'l passed to addCal | back.
static void theCall back(DtFirelnteraction* inter, void* usr)
{

MyCoj * obj = (MyQoj*) usr;

obj - >someFunc() ;

b
mai n()
{
Dt Exer ci seConn exConn(...);
MyQbj obj ;
/'l Register our callback function, passing a pointer to obj as usr.
Dt Firelnteraction::addCal | back( &xConn, MyQnj::theCall back, &obj);
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3.74.

3-16

In cases where you would like to pass more than one object to your callback, you must
create a simple structure consisting of pointers to your objects, then pass a pointer to
the structure as usr.

Any pointer you pass as usr must be the address of a variable whose lifetime is
at least as long as the period for which the callback function is registered.

Coordinate Systems

By default, DtEntityStateRepository works with geocentric coordinates. VR-Link has
coordinate conversion routines that let you convert incoming and outgoing entity
information to other coordinates systems. VR-Link also has coordinate views that allow
you to use various coordinate systems without explicitly calling coordinate conversion
routines. The view classes support:

+ UTM coordinates

+ Cartesian coordinates

+ Topographic coordinates.

For more information about views and coordinate conversion, see “Coordinate Views,”
on page 5-37 and “Coordinate Conversions,” on page 9-7.
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3.7.5. Dead-Reckoning and Smoothing

To represent the behavior of entities in between state updates, VR-Link uses dead-reck-
oning, a process of estimating the location of an entity based on its acceleration and
velocity. When updated location information arrives, VR-Link must move the simu-
lated entity to its actual position. To ensure that transitions from an entity’s dead-reck-
oned position to its actual position aren't so abrupt as to be visually disconcerting, VR-
Link implements smoothing. Figure 3-3 illustrates the difference between a smoothed
transition and a non-smoothed transition.

+ + Dead-
+ reckoned
ition
* @F posi
Updated x Updated
position .* position
Dead-
reecioned * * *
position * * *
Last update * * *
Frames 1-5 Frame 6+ Frame 6+
without smoothing with smoothing

Figure 3-3. Dead-reckoning and smoothing

For more information, see “Dead-Reckoning,” on page 5-25.
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3.7.6. Timestamps

When interactions or object state updates are sent through a DtExerciseConn using
sendStamped(), a timestamp is sent with (or within) the message.

A DIS or RPR FOM timestamp indicates only a time (in seconds) past a particular
hour at which the data in the message is supposed to be valid. However, it contains no
information about what particular hour the sender had in mind. (DtPdu, Dtinteraction,
and DtStateMessage all have a member function called guessTimeValid() that makes a
guess at the full time the sender had in mind by returning the time closest to a reference
time such that the number of seconds past the hour equals the value specified in the
timestamp).

In addition to the timestamp, DIS and HLA RPR FOM messages contain a timestamp
type indicator, which indicates a type of either “relative” or “absolute”. Despite the
confusion that these terms have generated in the DIS/HLA world, these terms only
indicate whether or not the clock the sender used to obtain its timestamp is synchro-
nized to some global exercise clock. A timestamp type of “absolute” means that the
sender’s clock is synchronized with the clocks of any other applications that claim to be
using absolute timestamping. A timestamp type of “relative” means that the sender’s
clock is not necessarily synchronized with anyone else’s clock.

Participants in a DIS or HLA exercise do not have to synchronize their clocks. In fact,
in most exercises, clocks are not synchronized. If participants choose to synchronize
their clocks, they do so using a method outside the scope of both DIS and HLA. (The
HLA RTI has a set of time management services, but synchronizing clocks is not what
they do.)

When a sender and a receiver are both using absolute timestamping, that is, their clocks
are synchronized, the receiver can immediately make sense of the sender’s timestamp. In
this case, VR-Link uses the timestamp of incoming entity state updates in dead-reck-
oning calculations. If one or both are using relative timestamping, then the sender’s
timestamp is meaningless to the receiver unless he can determine the time difference
between the two clocks (which is again, outside the context of DIS and HLA). In this
case, like most DIS/HLA applications, we ignore the timestamp, and use the time of
receipt in dead-reckoning calculations.
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2.8. Basic VR-Link Examples

3.8.1.

This section lists and describes two simple VR-Link applications. The first is a listen-
only application that observes an exercise without simulating any entity on the
network. The second is a write-only program that does not process information about
remote entities.

The source code for both examples is included with VR-Link.

A Listen-Only Example

Example 1 illustrates a simple, listen-only VR-Link application. This application can be
compiled for either DIS or HLA. The only protocol-specific code is contained in the
#if statement that starts at line 22.

With each iteration of the loop, the program prints an entity’s updated, dead-reckoned
position in topographic coordinates. In addition, if a fire PDU or interaction is
detected on the network, the program prints a message showing the entity ID of the
attacker.

The online version of this manual has live links between the code example
and explanatory text.

Example 1

1 #include "stdio.h"

2  #include "exerciseConn. h"
3  #include "refl EntList.h"
4 #include "ProcControl.h"
5 #include "LibMatrix.h"

6 #include "entitySR h"

7 #include "reflectedEnt. h"
8 #include "firelnter.h"

9  #include "topoView h"

10

11 int keybrdTick(void);

12

13 // Define a callback to process fire interactions

14 void fireCb(DtFirelnteraction *fire, void */*usr*/)

15 {

16 printf("Fire Interaction from%s\n", fire->attackerld().string());
17 }

19 nmain()

20 {

21 // Create a connection to the exercise or federation execution
22 #if DtHLA

23 char *execNane = "VR- Li nk";
24 char *fedNane = "VR-Link listen";
25 Dt Exer ci seConn exConn(execNane, fedNane);
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26 #el se
27 int port = 3000;
28 int exerciseld = 1;
29 int siteld = 1;
30 int applicationNum = 15;
31 Dt Exer ci seConn exConn(port, exerciseld, siteld, applicationNum;
32 #endif
33
34 /1 Register a callback to handle fire interactions
35 Dt Firelnteraction::addCal | back( &xConn, fireCh, NULL);
36
37 /1l Create an object to manage entities that we hear about
38 /1 on the network.
39 Dt Ref | ect edEnti tyLi st rel (&xConn);
40
41 /1 Initialize VR Link tine.
42 DtTimelnit();
43
44 int forever = 1;
45 while (forever)
46 {
47 /] Check if user hit 'q" to quit
48 if (keybrdTick() == -1)
49 br eak;
50
51 /1 Tell VR-Link the current value of simulation tine
52 Dt Set Si nili me( Dt Get El apsedReal Ti ne());
53 /1 Process any inconing nmessages
54 exConn. drai nl nput () ;
55
56 /1 Find the first entity in the reflected entity Iist
57 Dt Refl ectedEntity *first = rel.first();
58
59 if (first)
60 {
61 /1 Grab its state repository, where we can inspect its data
62 DtEntityStateRepository *esr = first->entityStateRep();
63
64 /1l Create a topographic view on the state repository, so we
65 /1 can look at position information in topographic coordinates
66 doubl e reflLatitude = DtDeg2Rad( 35.699760);
67 doubl e reflLongitude = Dt Deg2Rad(-121. 326577) ;
68 Dt TopoVi ew t opoVi ew( esr, reflatitude, reflongitude);
69
70 /1 Print the position
71 printf("Position of first entity: %\n",
t opoVi ew.  ocation().string());
72 }
73
74 /1 Sleep till next iteration
75 Dt Sl eep(0.1);
76 }
77 return O;
78
79
80 keybr dTi ck()
81
82 char *keyPtr = DtPoll I nputLine();
83 if (keyPtr && (*keyPtr == 'q' || *keyPtr == "'Q))
84 return -1;

MAK Technologies



VR-Link Concepts — A Listen-Only Example

85 el se
86 return O;
87 1}

Connecting to An Exercise

In lines 21-32, the program creates a DtExerciseConnection. This connection serves as
the program’s interface to an exercise. A different constructor is used depending on
whether the program is compiled for HLA or DIS. If you compile for HLA, the
constructor takes a federation execution and federate name. If you compile for DIS, the
constructor takes a port number and the three-part exercise:site:application ID. This is
the only protocol-specific part of the code.

Managing State and Interaction Information

Applications based on VR-Link typically use callbacks to handle incoming interactions
such as fire, detonations, and collisions. For example, a callback named fireCb is regis-
tered with the Firelnteraction class at line 34. This callback (defined at line 13) prints a
message containing the attacker ID. It executes whenever the exercise connection
receives a Fire PDU or interaction during a call to drainlnput().

Tracking Entities

We create a reflected entity list in line 39 to keep track of entities found on the
network. The entity list tracks the arrival and departure of entities, performs dead reck-
oning, manages time outs, and performs other entity-tracking tasks.

Managing Time

DtTimelnit (line 42) initializes VR-Link time. This is necessary for the proper opera-
tion of other VR-Link time functions. Make this call once, early in your application, if
you are calling other VR-Link time functions, either directly or indirectly.

Listening to the Network

At the start of each iteration, the program sets VR-Link simulation time (line 52) to
provide a common time value for use by time-related operations that occur within an
iteration of the loop (such as the dead-reckoning of multiple entities).

The drainlnput() call (line 54) reads and processes any messages arriving through the
exercise connection. This call triggers the execution, if needed, of any callbacks you
have registered for that exercise connection.

In line 57, the program finds the first entity in the entity list, then in line 62, retrieves
the pointer to the entity’s entity state repository. Line 68 creates a topographic view of
that entity state repository, allowing us to retrieve its position data in topographic coor-
dinates rather than geocentric. (Lines 66 and 67 hard code the coordinates for this
example.)

Line 71 obtains and prints the dead-reckoned entity location.
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3.8.2. A Send-Only Example

Example 2 illustrates a simple send-only application that simulates the flight of an F18
aircraft. The program begins by sending a fire PDU or HLA fire interaction. There-
after, the F18 flies north for 10 seconds, updating its position by sending DIS entity
state PDUs or HLA attribute updates.

Example 2
1 #include "stdio.h"
2  #include "exerciseConn. h"
3 #include "topoView h"
4  #include "ProcControl.h"
5 #include "EntityTypes. h"
6  #include "entityPub. h"
7 #include "entitySR h"
8 #include "firelnter.h"
9
10 main()
11 {
12 /1 Create a connection to the exercise or federation execution
13 #if DtHLA
14 char *execNane = "VR- Li nk";
15 char *fedNane = "VR-Link tal k";
16 Dt Exer ci seConn exConn(execNane, fedNane);
17 #el se
18 int port = 3000;
19 int exerciseld =1
20 int siteld =1
21 int applicati onNum = 16;
22 Dt Exer ci seConn exConn(port, exerciseld, siteld, applicationNum;
23 #endif
24
25 DtEntityType f18Type(DtPl atform Dt Pl atfornDomainAir,
Dt UnitedStates, DtFighter, DtF18, 0, 0);
26
27 /1l Create an entity publisher for the entity we are sinulating
28 Dt EntityPublisher f18EntityPub(f18Type, &exConn,
Dt Dr Dr mfRvw, Dt For ceFri endly,
Dt Entit yPubl i sher:: gui seSanmeAsType());
29
30 // Hold on to its state repository, where we can set data
31 DtEntityStateRepository *esr = f18EntityPub. entityStateRep();
32
33 /1 Create a topographic view on the state repository, so we
34 /1 can set position information in topographic coordinates
35 doubl e reflLatitude = DtDeg2Rad( 35.699760);
36 doubl e reflLongitude = Dt Deg2Rad(-121. 326577);
37 Dt TopoVi ew f 18TopoVi ew( esr, reflatitude, reflLongitude);
38
39 /1 We can use the ESR to set state
40 esr->set Mar ki ngText (" VR-Li nk");
41
42 /1 lInitialize VR Link tine.
43 DiTimelnit();
44
45 Dt Vector position(0, 0, -100);
46 Dt Vector vel ocity(20, 0, 0);
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47

48 /1l Send a Fire Interaction

49 DtFirelnteraction fire;

50 fire.setAttackerld(f18EntityPub.id());

51 exConn. sendSt anped(fire);

52 /1 Main |oop

53 Dt Tinme timestep = 0. 05;

54 Dt Time sinfline = 0;

55 while (sinTime <= 10.0)

56 {

57 /1 Tell VR-Link the current value of sinulation tinme
58 Dt Set Si nili me( si nmTi ne) ;

59

60 /'l Process any incom ng nessages

61 exConn. drai nl nput () ;

62

63 /1 Set the current position information
64 f 18TopoVi ew. set Locat i on(position);

65 f 18TopoVi ew. set Vel oci ty(vel ocity);

66

67 /1 Call tick, which insures that any data that needs to be
68 /1 updated is sent.

69 f18EntityPub. tick();

70

71 /1 Set up for next iteration

72 position[ 0] += velocity[0] * tinestep;

73 si mTi me += tinestep;

74

75 /1 Wait till real tine equals simulation time of next step
76 Dt Sl eep(si nli ne - Dt Get El apsedReal Ti ne());
77 }

78

79 return O;

80 }

Connecting to An Exercise

Like the listen-only example, this program creates a DtExerciseConnection to provide an
interface to the RT1 or DIS network (lines 12 through 23).

Managing Entities
Line 25 defines the entity type the F18 will use.

To be visible to other applications in the exercise, each locally-simulated entity requires
a DtEntityPublisher, created in line 28. The entity publisher manages the generation of
messages for this particular entity. It provides an entity state repository where you can
set state values, and a tick() function, which causes state information to be sent to the
network if necessary.

Line 31 sets up a pointer to the entity state repository, then line 37 creates a topo-
graphic view on that repository. This lets us set the entity’s positional data using topo-
graphic coordinates, rather than the default geocentric coordinates. (Lines 35 and 36
hard code the coordinates for this example.) Line 40 shows an example of storing a
non-positional state value in the repository.

MAK VR-Link Developer’s Guide 3-23



VR-Link Concepts — A Send-Only Example

3-24

Sending Interactions

An example of sending an interaction appears in lines 49-51. You can send the interac-
tion using the exercise connection’s sendStamped() function.

You can use sendStamped() to send state updates, but it is preferable to let
the entity publisher send state updates for you, using data in the entity state
repository, as shown in lines 64 through 69.

Sending State Messages

The main loop executes twenty times per second for ten seconds. As in the listen-only
example, this program sets simulation time at the start of each iteration (line 58).

While this program’s main purpose is to demonstrate the sending of data to
the network, it is not a true send-only application. Incoming data is also
processed with the drainlnput() call on line 61. This call is required for HLA,
because this is where we tick the RTI.

The program updates the F18's positional data in its entity state repository in lines 64
and 65, and ticks the entity publisher in line 69 to send the updated data onto the
network. Lines 64 and 65 set topographic coordinates through a view, which VR-Link
converts to geocentric coordinates.

Thereafter, the only remaining tasks are to increment the F18’s position, increment the
simulation time, and sleep until it's time to begin the next iteration.
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Compiling VR-Link Applications

This chapter explains how to compile and link VR-Link applications:

Compiling and Linking a VR-Link Application .........ccccoovvievviiieve e, 4-2
Libraries and Header Files ..........cooveiiiiiiiiie e 4-2
Compiling for a Particular Simulation Standard Under UNIX ............... 4-4
Selecting an Example Application’s Protocol under UNIX...................... 4-5
Compiling for a Particular Protocol Version under Windows ................. 4-5
Selecting an Example Application’s Protocol under Windows................. 4-8

USING VR-LINK FrOmM C ..ot 4-9
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4.1. Compiling and Linking a VR-Link Application

To build a VR-Link application, you must tell the compiler where to find the VR-Link
header files (and for HLA, the RTI header files). In addition, you must link with VR-
Link’s libraries (and for HLA, the RTI’s libraries). If you are not using a C+ linker to
link, you must explicitly link with C+ system libraries such as libC.a.

. Libraries and Header Files

VR-Link consists of four libraries: mtl, vl, matrix, and vlutil. The following versions of
the vl library are provided:

Table 4-1: Versions of the vl library

Simulation standard UNIX Windows
HLA libvIRPR.a VIRPR*.lib
DIS 2.0.4, IEEE1278.1, or 2.1.4  |ibvl5.a vI5* lib
DIS 2.0.3 libvl3.a vI3*.lib

*See “Libraries for Windows Platforms,” on page 4-3

For each library, we have provided a single header file that includes all other header files
in that library. The files are:

+ vlinc.h
+ mtlinc.h
+ matrixinc.h
+ vlutillnc.h.
For convenience, you can include just these four general header files. However, you

might speed up compilation of your source files by including only the header files you
need (as our examples do).

MAK Technologies



Compiling VR-Link Applications — Libraries and Header Files

Libraries for Windows Platforms

On the PC platform, VR-Link uses multithreaded (MT) libraries by default, but also
provides two types of multithreaded DLL (MD) libraries. They are in the \lib direc-
tory. We distinguish between the libraries by attaching an MT suffix for the libraries
compiled with the /MT compiler switch, and attaching an MD or RT suffix for the
libraries compiled with the /MD compiler switch. The file names for the libraries are:

Table 4-2: VR-Link libraries for PCs

/MT compiler switch /MD compiler switch
viutilMT.lib vlutilMD.lib vlutilRT.lib
mtIMT.lib mtIMD.lib mtIRT.lib
matrixMT.lib matrixMD.lib matrixRT.lib
vI3MT.lib vI3MD.lib vI3RT.lib
vI5MT.lib vI5MD.lib vI5RT.lib
vIRPRMT.lib vIRPRMD.lib vIRPRRT.lib

The RT libraries have an associated set of DLL files, as follows:

+ vIutilRT.dIl

+ mtIRT.dlI

+ matrixRT.dll

+ VI3RT.dII

+ VISRT.dII

+ VIRPRRT.AII.
Using the RT libraries and DLLs instead of the MD libraries can save memory because
only once instance of a DLL is loaded into memory no matter how many VR-Link

applications you run. Use of the DLLs is conceptually similar to using shared libraries
in UNIX.

Notes for Using the RT libraries

+ If you build with the RT libraries, use the /MD compiler switch.
+ The DLLs must be in your path.
+ You must add the #define statement: #defi ne use_dl |

MAK VR-Link Developer’s Guide 4-3



Compiling VR-Link Applications — Compiling for a Particular Simulation Standard Under UNIX

4.1.2. Compiling for a Particular Simulation Standard Under UNIX

4-4

You can select DIS or HLA at compile time by using the flags described in the
following sections. vihome represents your VR-Link home directory. RTI_HOME and
RTI_ARCH come from the environment, assuming you've configured the environment
according to the instructions in “Obtaining and Installing a Runtime Infrastructure
(RTI),” on page 2-13.

Notes

+ The order of the libraries in the link line is significant. See the Makefiles in ./exam-
ples for further guidance.

+ Other flags may be required on some platforms. See the example makefiles and
release notes.

HLA

The compile and link flags for HLA are listed in this section. They are organized so that
if you are using the DMSO RTI, compilation is done with DMSO RTI libraries. If
DMSO RTI libraries are not present, compilation is done using the MAK RTI libraries.

Compile Flags
-1vl hone/ i ncl ude (VR-Link headers)
-1 ${ RTI _HOVE}/ | ang/ C++/ i ncl ude (path to the RTI include directory)
-1 vl hone/ RTI /i ncl ude (path to MAK RTI include directory)
- DDt DI SVERS=5 - DDt HLA=1 - DDt RPR=1 (for conditional compilation)

Link Flags
-Lvl home/lib -Iml -IvIRPR -lmatrix -lvlutil
- L${ RTI _HOME}/ | ang/ C++/ | i b/ $( RTI _ARCH) (path to the DMSO RTI lib directory)
-Lvl home/RTI/1ib (path to MAK RTI lib directory)
-1 RTI (path to RTI library)

DIS

The compile and link flags for DI1S 2.0.4 (IEEE 1278.1) and DIS 2.1.4 (IEEE 1278.1a)
are listed in this section.

Compile Flags

-1 vl hone/ i ncl ude (VR-Link headers)

- DDt DI SVERS=5 (for conditional compilation)
Link Flags

-Lvlihome/lib -Intl -Ivl5 -Imatrix -lvliutil

The compile and link flags for DIS 2.0.3 are listed in this section.

Compile Flags
-1vl hone/ i ncl ude (VR-Link headers)
- DDt DI SVERS=3 (for conditional compilation)

MAK Technologies



Compiling VR-Link Applications — Compiling for a Particular Protocol Version under Windows

4.13.

4.1.4.

Link Flags

-Lvlihome/lib -Inmtl -1vl3 -Imatrix -lvlutil

Selecting an Example Application’s Protocol under UNIX

When you build the example programs that come with VR-Link, you can choose the
protocol without editing the Makefile. Use the VERS argument, as shown in these
examples for netdump:

make VERS=3 f1sfor DIS 2.0.3
make VERS=5 f18for DI'S 2.0.4, |EEE 1278.1 or 2.1.4
make VERS=RPR f 18for HLA

Depending on the value you specify for VERS, a particular file is included in the Make-
file, as determined by the following line in the Makefile:

i ncl ude ./ makeMds. nk$( VERS)

The included file is makeMods.mk3, makeMods.mk5, or makeMods.mkRPR (which are
in the example program’s source directory). By including a makeMods file in this
manner, we effectively insert version-specific commands that control what is built.

If desired, you can still choose the protocol by editing the Makefile manually. To do so,
comment and uncomment the appropriate lines according to the instructions in the
makefile. You'll also need to remove the include line shown above, or replace the make-
Mods files with empty versions.

Compiling for a Particular Protocol Version under Windows

Under Windows, you can set your program’s protocol following the procedures in this
section. You need to provide build settings in Microsoft Developer Studio to define
constants and specify paths for header files and RTI libraries.

In addition to linking with netapi.lib and wsock32.lib, you must link with
comctl32.lib. See the makefiles.

When Compiling for HLA
1. Choose Project — Settings, then select the C/C++ tab (Figure 4-1).

2. Enter the following #define symbols in the space provided for preprocessor defini-
tions:
Dt DI SVERS=5, DtHLA=1, DtRPR=1

3. In the space provided for additional include libraries, enter your VR-Link include
path and the path to your RTI include directory, for example:

..\..\include, "c:\Program Fil es\ MAK Technol ogi es\ MakRti 1. 3\'i ncl ude"
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Figure 4-1. Developer Studio Project Settings

The relative pathnames in this procedure (for example, . .\. . \incl ude) are
relative to the project .dsp file in the ./examples/f18 directory of the default
VR-Link installation. The full path would be similar to c:\Program
Files\MAK Technologies\VR-Link\include.

Select the Link tab.
In the space provided for object/library modules, enter the appropriate RTI, VR-
Link and Visual C++ library files, for example:

rti1l3.1ib fedtinme.lib (or vrlFedtineMD.lib) viutilMD.lib ntIMD.1ib
matri xMD. lib vIRPRVD.lib netapi 32.1ib wsock32.1ib conctl32.1ib

Also, make sure you list the appropriate paths to these files in the “Additional
library path” box, for example:

..\..\lib, c:\Program Fil es\ Mak Technol ogi es\ MakRti 1.3\1lib

When Compiling for DIS 2.0.4, 2.1.4, or IEEE 1278.1 and IEEE 1278.1a
1. Onthe C/C++ page under Project Settings, enter the following #define symbol in

the space provided for preprocessor definitions:
Dt DI SVERS=5

In the space provided for additional include libraries, enter your VR-Link include
path, for example:

..\..\include

MAK Technologies
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3. On the Link page, enter the appropriate VR-Link and Visual C+tlibrary files, for
example:

viutilMD. lib ntIMD. lib matrixMD. lib viI5MD.lib netapi32.1ib wsock32.1ib
conttl 32.1ib

Also, make sure you list the appropriate paths to these files in the “Additional
library path” box, for example:

o\ b

When Compiling for DIS 2.0.3

1. Onthe C/C+ page under Project Settings, enter the following #define symbol in
the space provided for preprocessor definitions:
Dt DI SVERS=3

2. In the space provided for additional include libraries, enter your VR-Link include
path, for example:

..\..\include

3. On the Link page, enter the appropriate VR-Link and Visual C+library files, for
example:

viutilMD. lib ntIMD. lib matrixMD. lib vi3WD.lib netapi32.1ib wsock32.1ib
conttl 32.1ib

Also, make sure you list the appropriate paths to these files in the “Additional
library path” box, for example:

AL b
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4.1.5. Selecting an Example Application’s Protocol under Windows

In Microsoft Developer Studio, you can choose a protocol for an example application

from the Set Active Project Configuration dialog box.

5Set Active Project Configuration

Project configurations:

15 - wir3z Debug APR
[ - Win32 Debug DIS5
18 - Win32 Debug D153
18 in 3 Release HER

5 - Wwinis Rolease DISE
f18 - Win32 Release DIS3

Cancel |

Figure 4-2. Selecting a protocol in the Microsoft C++ IDE.

> To open the Set Active Project Configuration dialog box, choose Build - Set Active

Configuration.

If you are building for HLA, make sure to point to the correct location of the RT]
include and library directories. The default is to point to the default installation direc-

tories for the MAK RTI.

4-8
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4.2. Using VR-Link from C

The directory ./examples/simpleC contains an example of using VR-Link with an appli-
cation written in C. The example is a C version of the listen-only program described in
“A Listen-Only Example,” on page 3-19. See the header files interface.h and simpleC.h

for details.

Calling C++from C

Since VR-Link is a C+toolkit, any code that directly calls a VR-Link function must be
compiled by a C+ compiler. You can compile this code in such a way that it may be
called from C. To do so, you need at least one C++file from which all calls to VR-Link
functions can be made. In our example, the file interface.cxx serves this purpose. It
contains several functions that interact with VR- Link code: initVRLink(), tickVR-
Link(), and firstEntityPosition(). To alert the C+ compiler that these functions should
be compiled to be callable from C, their declarations are surrounded by the following
keywords, as seen by the C+compiler:

extern "C' {
The file listenC.c represents the rest of the application. It is compiled by a C compiler,

and does not directly call any VR-Link functions. It does, however, call the functions
defined in interface.cxx that were compiled to be called from C.

Calling C from C++

You can create a C++function that interfaces with VR-Link code and can also call C
functions. For example, in interface.cxx, the callback on Fire PDUs (fireCb) is a C+
function which calls the C function firePrint().

To alert the C+compiler that an external function is a C function, its declaration is
surrounded by the following keywords, as seen by the C+ compiler:

extern "C' {

Header Files that are Included by C and C++

When C and C+tcode interact, the declarations of many of the same functions must be
included by both C and C++code. As described above, these declarations need to be
surrounded by

extern "C' {

when presented to the C+ compiler. However, these keywords are meaningless to a C
compiler, so that they should always be surrounded by:

#i fdef _ cplusplus
#endi f
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For example, listenC.h reads as follows:
#i fdef __ cplusplus
extern "C'
#endi f
void firePrint(const char *attacker)
#i fdef __cplusplus

Yoo
#endi f
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The Protocol-Independent Interface

You can access most of VR-Link’s features through its protocol-independent AP,
described in this chapter. Protocol-specific portions of the API are described in Chapter
6, The HLA-Specific Interface and Chapter 8, The DIS-Specific Interface.

Topics covered in this chapter include:

Introduction to the Protocol-Independent Interface..........cccocovevevveienvnnnenn. 5-3
CONNECEING 10 EXEITISES v.vveeuvierieeieesiesieeiesteeeeesieesieesreesteesreesressreesteesrnssenens 5-4
Creating an Exercise Connection for HLA ........ccccoviiiiiiecccce e, 5-4
Creating an Exercise Connection for DIS.........ccccooeviveiieiiie e, 5-5
Compiling Protocol-Independent Applications...........cccccevvevverierieiinnenn, 5-6
DtExerciseConn Member FUNCLIONS ........ccoevrriiiieienenesee e 5-7
Working With INtEractions .........ccvevviiieiiieeiie et 5-10
Sending INTEraCtioNS........ccvvve v 5-11
ReCIVING INTEraCtIONS ....cciveeieeie e 5-12
WOrKing With ENTItIES.......ceviiiiicciece e 5-14
Working with Locally Simulated ENtities .........ccccocveveveiveiciiiie e 5-14
Creating a DtENtityPUDBIIShEr ........c.coiviiiiiie e, 5-15
Setting an ENtity’s STAte ........ccvvvviieee s 5-17
(@00 o[0T (1SR 5-18
Example of Setting the State of An ENtity.......cccooovivivevicviiiiece e, 5-18
Using the DtEntityPublisher::tick() FUNCtion...........cccocovviviiniic e, 5-19
Setting Position and Orientation Thresholds............ccccovvviveverecnenen, 5-20
Removing a Locally-Simulated ENtity.........ccccevveeveiiieiiiecie e, 5-20
Working with Remote ENLILIES.......cccceiieiiie i 5-21
Creating Reflected ENtity LiStS ......ccoovvvveviiiieiiiie e 5-21
Iterating Through A DtReflectedEntityList..........cccceovvvviveiieeiineieennnn 5-22
Inspecting an ENtity’s STt ........ccccecvveveeiiie e 5-23
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Dead-ReCKONING ....cveiiii it 5-25
USING SMOOTNING ....veivveiiecic e 5-26
Learning when Entities Join or Leave An EXErCiSe .......cccovevvevververvnnnnn. 5-27
Notifying An Application When State Updates Arrive............cccocvevenee 5-28
THMEOULS ...ttt bbb 5-30
Subclassing DtRefleCtedENTitY.........ccooovieiieie i 5-30
1dentifying ODJECTS ...vecvicie e e 5-32
Identifying Objects iN DIS .......cccooveiiiiceeccc s 5-32
Identifying Objects in HLA ... 5-32
How VR-Link Identifies ObJectS.......ccccvvvevieieiecieciese e 5-33
Working with Other Types of ODJECTS ......ceovriereiiieee e 5-34
Managing EMITErS........ccviiviiiiiiii e 5-35
COONAINALE VIBWS ..vvevieiitisie ettt st 5-37
Topographic Coordinate VIBWS ..........ccoererrninireeeieesene e 5-38
UTM COOrdiNate VIBWS ......ccveruiierieiisiesiesienisiesiesie e 5-39
Cartesian Coordinate VIBWS ........cceevvereierie e siesieeieesie s see e e e 5-39
y N o] L (=T I o T TSR 5-40
Inspecting Articulated Parts Data ............ccovvvevieveieeiesece e 5-40
Setting Articulated Parts Data .........cccooeiviiereieeeeieie s 5-42
ATLEACHET PaTS.....cveieiieieiieiestese e e 5-44
Controlling MAK Products REMOLEIY..........c..cvvurvevreeereiesieereeseseseseienens 5-45
Controlling the MAK Stealth ..........c.ccccoveieeceieieiccee e 5-45
Controlling the MAK LOGUET ........cvrveverereereereresesreeieseseeeseesesesesenans 5-47
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5.1. Introduction to the Protocol-Independent Interface

The protocol-independent interface is a set of classes that encompass most of the
features of VR-Link and allow you to create applications that will work in both DIS
and HLA without significant modification. In addition to its multi-protocol capability,
and perhaps more importantly, the protocol-independent interface shields you from
many of the intricacies of the underlying protocol-specific classes and functions. At the
same time, the protocol-specific classes are available to you if you want to use them.

When you create a protocol-independent application, you do not create one executable
that works with both protocols; you write one application and compile it for each
protocol by specifying the protocol at compile time. In cases where a class uses different
constructors or functions depending on the protocol, such as creating an exercise
connection, you need to use #ifdef(s) so that your application compiles using the
correct constructors.
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5.2. Connecting to Exercises

5.2.1.

In general, an HLA federation or DIS exercise can be defined as a collection of simula-
tion applications communicating with each other through the exchange of FOM-
defined data (for HLA) or PDUs (for DIS). A simulation application (called a federate
in HLA) can, in turn, be defined as a participant in an exercise. Such an application
may simulate one or more entities.

VR-Link’s class DtExerciseConn is a simulation application’s interface to an exercise.
The application sends data to other applications, and receives data from other applica-
tions, through its DtExerciseConn. Virtually all applications based on VR-Link make
use of a DtExerciseConn.

There are HLA and DIS versions of DtExerciseConn. For HLA, the DtExerciseConn
exchanges data with other applications by making calls to the RTI. For DIS, data is
usually exchanged through the sockets-related system calls sendTo() and recvFrom().

The HLA version of DtExerciseConn is defined in hExerciseConn.h. The DIS version is
defined in dExerciseConn.h. If you are writing an application for use with both HLA
and DIS, you do not have to include both header files. You can include exerciseConn.h,
which includes the appropriate version depending on whether or not you have included
the DtHLA=1 definition in your compile line.

Although the two versions of DtExerciseConn are defined separately, most public
member function names and signatures are shared by the two versions, so that you can
make most of these calls regardless of which protocol you are using. Much of this
commonality is enforced because both versions are derived from DtBaseExerciseConn,
an abstract class that defines much of the DtExerciseConn interface.

Creating a DtExerciseConn must be done differently for HLA and DIS because they
require different initialization parameters.

In this chapter, we will note other instances where you must write different
code depending on the simulation standard you are using.

Creating an Exercise Connection for HLA

In order to create a DtExerciseConn in HLA, you must provide a federation execution
name and a federate name. All DtExerciseConn constructors require these two argu-
ments. One of DtExerciseConn's constructors allows you to specify the name of the FED
file that you want to use. The FED file provides information about the FOM to the
RTI and to VR-Link. If you do not provide the name of a FED file to the DtExercise-
Conn constructor, we assume that you are using a file with the same name as the federa-
tion execution, but with a .fed extension. For example, if the federation execution name
is VR-Link, we assume the FED file is VR-Link.fed.
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5.2.2.

VR-Link and the MAK RTI first look for the FED file in the directory from which you
run your application, then in the directory specified by the RTI_CONFIG environ-
ment variable. The DMSO RTI looks only in the directory specified by
RT1_CONFIG, which defaults to the config directory under the main DMSO RTI
installation directory.

Make sure that the FED file that you are using with your DtExerciseConn
appears in one of these places before running your application.

The default FED file supported by VR-Link is VR-Link.fed. It is in your VR-Link home
directory. If you are using the FOM described by this file, you must copy VR-Link.fed
to the RTI_CONFIG directory, or to the directory that you're running from.

All applications that want to interact in the same HLA world must use the same federa-
tion execution name, and the exact same FED file.

The federate name is a name you give to your application. It is used for RTI diagnos-
tics. Federate names do not have to be unique in a federation.

The DtExerciseConn constructors:

+ Initialize an application’s RT1 ambassadors (which causes the FED file to be read)
+ Create the named federation execution if it does not already exist
+ Join the federation execution.
If you are using the DMSO RTI, make sure that their rtiexec application is running,
otherwise you will not be able to create or join the federation execution. If you use the

MAK RT]I, running its rtiexec is optional. (See “Obtaining and Installing a Runtime
Infrastructure (RTI),” on page 2-13.)

Creating an Exercise Connection for DIS

To create an exercise connection for DIS, you need:

+ A UDP port number

+ An exercise ID number
+ Assite number

+ An application number.

All applications that want to interact in a DIS exercise must use the same UDP port
number and exercise 1D number.

If a packet server is running on the specified UDP port, the DtExerciseConn will
connect to that packet server, rather than connecting directly to the network. (For
information about the packet server and its benefits, see “The MAK Packet Server
(UNIX Only),” on page 10-13.)
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5.2.3.

By default, DIS PDUs sent through the DtExerciseConn are sent to the broadcast
address of the machine’s primary network interface. The DtExerciseConn receives any
unicast or broadcast packets destined for the machine on the specified port. Additional
constructors and functions of the DIS version of DtExerciseConn allow greater flexi-
bility in setting up your network connection, and are discussed in “Configuring Your
Connection to the DIS Network,” on page 8-23.

Compiling Protocol-Independent Applications

Applications that can be built for both DIS and HLA typically use conditional compila-
tion when code differs between the two domains. For example, the following code uses
different constructors for DtExerciseConn depending on the simulation standard chosen
at compile time:

#if Dt HLA

char *execName= "VR-Link";

char *fedNane= "myApp";

Dt Exer ci seConn exConn(execNane, fedNane);
#el se

int port = 3000;

int exerciseld= 1;

int siteld = 1;

int applicationNunr 15;

Dt Exer ci seConn exConn(port, exerciseld, siteld, applicationNum;
#endi f

Most exercise connections described in this chapter work the same way in both HLA
and DIS and do not need conditional compilation.
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b.2.4. DtExerciseConn Member Functions

Table 5-1 lists and describes the most commonly used protocol-independent member
functions for DtExerciseConn.

Table 5-1: DtExerciseConn member functions

Function

Description

addPostDrainCallback()

removePostDrain

Callback()

drainlnput()

nextEventID()

send()
sendStamped()

setTimeStampType()

timeStampType()

vrlinkVersion()

Allows you to register functions (with the DtExerciseConn)
that you want to have called automatically each time drain-
Input() is called. See “Post-Drain Callbacks,” on page 5-8.

Allows you to unregister functions that you no longer want
to have called each time drainlnput() is called. See “Post-
Drain Callbacks,” on page 5-8.

Causes VR-Link to read and process input from the exer-
cise. Most user callbacks are executed from within drain-
Input(). See “Receiving Data from the Exercise,” on
page 5-8.

Generates consecutive event IDs for use in fire, detonate, or
collision interactions.

For DIS, the event ID is composed of the site ID, application
ID, and event number based on the exercise connection’s
site and host.

For HLA, the event ID is composed of the object ID (from
setObjectld()) and event number.

You can choose your own event IDs in both DIS and HLA.
Event IDs are not managed by the RTI as Object IDs are.
Therefore it is up to the application to ensure that event IDs
are unique.

Sends interaction messages, object updates, and DIS PDUs
to the exercise (See”Sending Data to the Exercise,” on
page 5-8.) sendStamped() includes a time stamp with
outgoing messages.

Allows you to specify the type of time stamp being sent.
The options are DtTimeStampAbsolute and DtTimeStamp-
Relative. See “Time Stamp Type,” on page 5-9.

Returns the time stamp type.

This static function returns the version of VR-Link that you
are running.

The following sections contain more detailed information about these functions.
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HLA only

DIS only

Sending Data to the Exercise

send() or sendStamped() are used to send interactions to the exercise. See “Sending
Interactions,” on page 5-11 for details.

Sending of object state information is typically handled using higher-level object-
management classes, such as DtEntityPublisher, rather than by sending individual
update message directly using DtExerciseConn. See “Working with Locally Simulated
Entities,” on page 5-14 for details.

Receiving Data from the Exercise

The DtExerciseConn::drainlnput() function receives and processes information from
the RT1 or the DIS network. From within DtExerciseConn::drainlnput(), VR-Link
executes any callbacks that you have registered on Dtlinteractions (for either HLA or
DIS), DtPdus (for DIS), or various RTI services (for HLA).

Your application should call DtExerciseConn::drainInput() periodically, usually once
per simulation loop. This is true for HLA even if your application doesn't care about
remotely simulated objects or remotely generated interactions, because the RT1 requires
RT1I::tick() to be called periodically.

draininput() repeatedly calls RTI::tick() until it fails to return RTI::RTI_TRUE
(meaning there is no more data waiting to be read).

drainlnput() reads PDUs from the network directly, or from the Packet Server,
depending on the system configuration.

The optional timeout argument to draininput() lets you specify a time (in seconds) after
which drainlnput() should return even if there is more data left to be read. A value of -
1 (the default) is to never return if there is still data to be read. A value of 0 means
return immediately. The second argument to drainlnput() specifies the number of
packets to be read or the number of times to call RT1::tick() in between tests of whether
the timeout has been exceeded.

Post-Drain Callbacks

Post-drain callbacks are callback functions that you can register with a DtExerciseConn,
and have called automatically by DtExerciseConn::drainlnput() immediately before it
returns. Post-drain callbacks are called after all interaction, PDU, and RTI service call-
backs have been made. For more information about callbacks in general, see “Using
Callbacks,” on page 3-14.

Post-drain callbacks have the following function signature:
voi d nmyCal | back(voi d* usr);
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They are registered with a DtExerciseConn using addPostDrainCallback(), and unregis-
tered using removePostDrainCallback(). The value passed to your callback function as
the usr pointer is the value that was passed as the usr argument to addPostDrainCall-
back().

The most common use of post-drain callbacks is to get around an HLA restriction. RT]
services cannot be invoked from within user callbacks on other RT1 services. For
example, at the time that you are processing an incoming interaction within an interac-
tion callback, you cannot send an interaction in response. But you can register a
response-sending post-drain callback that is executed after all RT1 service callbacks have
been invoked, when it is safe to send interactions. See “Making RT1 Calls in Response
to Interactions,” on page 5-13.

Time Stamp Type

DtExerciseConn's setTimeStampType() function allows you to set the time stamp type of
your application to either DtTimeStampAbsolute or DtTimeStampRelative. Use
DtTimeStampAbsolute if your local clock is synchronized to a global exercise clock,
and you want to use the values of time stamps on messages from other synchronized
hosts in dead-reckoning calculations. The default, DtTimeStampRelative, indicates
that your local clock is not necessarily synchronized to anyone else’s clock, and therefore
time of receipt is used in dead-reckoning rather than incoming time stamp values. See
“Timestamps,” on page 3-18 for more information.

When using absolute timestamping, make sure to keep VR-Link simulation time in
step with your system clock by passing the current time to DtSetSimTime each frame.
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5.3. Working with Interactions

DIS only

5-10

Within VR-Link, we use the term interaction to refer to the data that is exchanged
among simulation applications in an exercise to describe events, such as the firing of a
munition, detonation of a munition, or collision of entities. While the term is from
HLA (rather than DIS), we use it in a protocol-independent sense to refer to an HLA
interaction or a DIS PDU that describes an event.

Each type of interaction has its own class, for example, fire, detonate, and collision
interactions are represented by DtFirelnteraction, DtDetonationlnteraction, and DtColli-
sionlnteraction respectively. For both DIS and HLA, the individual interaction classes
are derived from DtlInteraction. Dtinteraction is defined in hinteraction.h (HLA) and
dInteraction.h (DIS). If you include interaction.h, an appropriate version is included.

There are DIS and HLA versions of each of the interaction classes. Although the two
versions of each of these classes are defined separately, most of the public member func-
tion names and signatures are used in both versions, so you can use most of them in the
same way regardless of whether you are using DIS or HLA.

A similar naming scheme exists for individual interaction classes and their header files.
Table 5-2 lists some interaction classes and their associated header files for HLA, DIS,
and protocol-independent programming. The protocol-independent header files
include the appropriate version of the classes depending on the protocol for which you
are building.

Table 5-2: Interaction class header file naming conventions

Interaction HLA DIS Protocol-independent
DtFirelnteraction hFirelnter.h firePdu.h fireInter.h
DtDetonationInteraction ~ hDetlInter.h detonatePdu.h  detonatelnter.h
DtCollisionInteraction hCollidelnter.h  collidePdu.h  collidelnter.h

For DIS applications, DtFirelnteraction, DtDetonationInteraction, DtCollisionInterac-
tion, and so on are equivalent to DtFirePdu, DtDetonationPdu, and DtCollisionPdu.
That is, one is typedefed to the other. You can use the DtPdu class names if your appli-
cation is only for DIS. However, you must use the DtInteraction names if you are
writing code for both DIS and HLA, and this is what we recommend.

In DIS, Dtinteraction is derived from DtPdu. The Dtlnteraction class itself has no real
functionality, but the extra level gives our class hierarchy some structure. For example,
DtFirePdus are (and can be implicitly cast to) Dtinteractions and DtPdus. Entity state

PDUs are not interactions, and thus DtEntityStatePdu is derived directly from DtPdu,
not from Dtlnteraction.
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5.3.1.

DIS only

Sending Interactions

To send interactions:

1. Create an instance of the appropriate interaction class (derived from Dtinteraction).
2. Use its mutator functions to set values for the different parameters.

3. Send it using DtExerciseConn’s sendStamped() function.

The following code is an example of creating and sending a fire interaction, which
informs the exercise that you have fired a munition. The example assumes that myld,
targetld, and missileld are existing objects.

Dt Exer ci seConn exerci seConn(...);

/] Create a DtFirelnteraction

DtFirelnteraction firelnter;

/1 Fill the DtFirelnteraction with data
firelnter.setAttackerl D(nyld);
firelnter.setTargetlD(targetld);
firelnter.setMunitionld(mssileld);
firelnter.setEvent|d(exerci seConn. nextEventld());

/1 Send to the exercise
exer ci seConn. sendSt anped(firelnter);

In both DIS and HLA, sendStamped() includes a time stamp with outgoing interac-
tions. Because this is usually desired, we recommend that you use sendStamped() to
send interactions, rather then send().

The value used for the time stamp is the value returned by DtExerciseConn's current-
TimeForStamping() function. By default, this function returns the current value of the
system clock when using relative timestamping, or the current value of VR-Link simu-
lation time when using absolute timestamping. If you would like sendStamped() to
compute timestamps for outgoing messages differently, you can subclass DtExercise-
Conn and override currentTimeForStamping(). Timestamps are marked as either “rela-
tive” or “absolute” depending on the DtExerciseConn's current time stamp type. For
more information, see “Timestamps,” on page 3-18.

For a description of the mutator functions for a particular interaction class, see the
appropriate header files.

For DIS, sendStamped() also puts the DtExerciseConn’s exercise 1D into the header of
outgoing PDUs.
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5.3.2. Receiving Interactions

5-12

Incoming interactions are handled through interaction callbacks. See “Using Call-
backs,” on page 3-14 for more information about callbacks.

Application developers write and register callback functions for a particular interaction
type with VR-Link, and VR-Link calls those functions when it receives an interaction
of that type from within DtExerciseConn::drainlnput(). The received interaction is
passed to the callback function, allowing you to process the interaction as it arrives.

Each interaction class has the static member functions addCallback() and removeCall-
back(). These functions allow you to register and unregister your callback functions for
particular interaction classes.

There is a different callback function type for each interaction class. For example, only
callback functions that take a DtFirelnteraction pointer as an argument can be registered
with the DtFirelnteraction class. A DtFirelnteraction callback might look like this:

voi d nyFireCal | back(DtFirelnteraction* inter, void* usr)

{

printf("CGot a Fire Interaction from %s\n",
inter->attackerld().string());

}
It would be registered with VR-Link’s DtInteraction class like this:

Dt Firelnteraction::addCal | back(exerci seConn, nyFireCallback, NULL);

Since addCallback() is a static member of DtFirelnteraction, it can be called
using the qualified name, rather than calling it on a particular instance of
DtFirelnteraction.

The value passed to your callback function as usr is the value that was passed as the usr
argument to addCallback(). Often, this usr argument passes a pointer to an object on
which you would like to call a member function from within your callback. Simply cast
usr back to the object’s type within the callback. See “Using Callbacks,” on page 3-14
for examples of passing objects through the usr pointer.

When an interaction is received for which there are multiple callbacks registered, the
callbacks are called in the opposite order from that in which they were registered.

Dtlinteractions are transient, that is, they are deleted by VR-Link immediately
after the last callback function registered for the interaction is called.
Therefore, do not attempt to delete or save a pointer to the Dtlnteraction
passed to your callback function. If you need to save the data, make a copy of
the Dtlinteraction.

MAK Technologies



The Protocol-Independent Interface — Receiving Interactions

Making RTI Calls in Response to Interactions

In HLA applications, interaction callbacks are called from within RT1::tick() (which is
called by DtExerciseConn::draininput()). The RTI does not allow calls to RTI services
from within other RTI service calls (including RTI::tick()). This means that you cannot
directly or indirectly make any RT1 calls from within your interaction callbacks.

If you need to make RTI calls based on the receipt of a DtiInteraction, you can accom-
plish this as follows:

> From within your interaction callback, use DtExerciseConn::addPostDrainCall-
back() to register a function with VR-Link that will get executed right before drain-
Input() returns, when it is safe to make RT1 calls.

For example, the following code will ensure that your application sends out a fire inter-
action each time it receives a fire interaction:

voi d sendFire(void *usr)

{
/1 Cast the usr pointer back to a Dt Exerci seConn
Dt Exer ci seConn* exConn = (Dt Exerci seConn*) usr;
/'l Create and send a DtFirelnteraction
DitFirelnteraction firelnter;
firelnter.setAttackerld(...);

exConn- >sendSt anped(firelnter);
/'l Remenber to deregister ourselves, so that we don't
/1l get called again the next time drainlnput is called.
exConn- >r enovePost Dr ai nCal | back(sendFi re, exConn);
}
void fireCb(DtFirelnteraction* inter, void *usr)
{
/] Cast the usr pointer back to a Dt Exerci seConn
Dt Exer ci seConn* exConn = (Dt Exerci seConn*) usr;
/] Can't send a fire interaction here, since that
/1 would involve an RTI call fromw thin an RTI-service
/'l callback. So instead, register a fire-sending
/1 function (sendFire) as a postDrainCal | back.
exConn- >addPost Dr ai nCal | back(sendFire, exConn);
}
mai n()
{

Dt Exer ci seConn exerci seConn(...);

/] Register fireCb as a firelnteraction call back,

/] passing a pointer to the Dt ExerciseConn as the usr
/] pointer, so that it will be available to us within
/1 the call back.

DtFirelnteraction::addCal | back( &xerci seConn, fireCh,
&exer ci seConn) ;
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For more information, see “Post-Drain Callbacks,” on page 5-8.

5.4. Working with Entities

VR-Link provides many classes that facilitate informing the exercise about the state of
your locally simulated entities and other objects, and informing your application about
the state of remotely simulated entities and other objects. These classes include:

+ DtObjectPublisher and its subclasses, for example, DtEntityPublisher, send updates
to the exercise.

+ DtReflectedObjectList and its subclasses, for example, DtReflectedEntityList, keep
track of remote objects.

+ DtReflectedObject and its subclasses, for example, DtReflectedEntity, represent a
single remote object.

+ DitStateRepository and its subclasses, for example, DtEntityStateRepository, encapsu-
late an object’s state.

In discussing how to manage objects using publishers, reflected object lists, reflected
objects, and state repositories, we will focus on the classes used to manage entities - the
most common kind of object in most exercises. Our concept of entities reflects the DIS
and RPR FOM concept. Entities include vehicles, life forms, and most other types of
real-world objects that have a position in space.

Publishers, reflected object lists, reflected objects, and state repositories exist in VR-
Link for other types of objects as well, including aggregates, emitters, transmitters,
designators and receivers. For information about managing these other types of objects,
see “Working with Other Types of Objects,” on page 5-34.

5.5. Working with Locally Simulated Entities

5-14

To inform other simulation applications about the state of locally-simulated entities,
you must:

1. Create a DtEntityPublisher for each locally-simulated entity.
2. Update its current state during every frame through its DtEntityStateRepository.
3. Call DtEntityPublisher::tick().

tick() ensures that any needed information is sent to the other participants through the
exercise connection.
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b.5.1. Creating a DtEntityPublisher

There are both HLA and DIS versions of DtEntityPublisher, defined in hEntityPub.h
and dEntityPub.h respectively. Rather than include both, you can include entityPub.h,
which will include the appropriate version based on whether or not you have included
the DtHLA=1 definition in your compile line.

Although the two versions of DtEntityPublisher are defined separately, most of the
public member function names and prototypes have the same names, so you can make
most of these calls regardless of which protocol you are using.

An instance of DtEntityPublisher can be created in a protocol-independent manner
using a constructor that takes a DtExerciseConn and DtEntity Type as arguments. For
example:

Dt Exer ci seConn exConn(...);
DtEntityType tankType(1l, 1, 225, 1, 1, 0, 0);
Dt EntityPubl i sher tankPub(tankType, &exConn);

The DtExerciseConn is the connection through which the publisher sends its updates.

The DtEntity Type (defined in hostStructs.h) represents a seven-component enumeration
defined by the DIS protocol and reused by DI1S-based FOM s like the RPR FOM. It is
used in outgoing entity state PDUs and in HLA updates (if you are using a FOM that
includes this concept), and also determines which HLA object class is used to represent
the entity in an HLA exercise. In the previous example, the entity type is that of an
M1A1 tank. Please see the DIS Enumerations Document for a comprehensive list of
valid entity types.

Other DtEntityPublisher Constructors

A second protocol-independent constructor takes as arguments three attributes of an
entity that are not likely to change during a simulation:

+ Dead-reckoning algorithm

+ Guise (alternate entity type)

+ Force ID.
DtEntityPublisher has protocol-specific constructors that allow you to specify parame-

ters such as the HLA object class to represent the object. These are described in the
chapters on the protocol-specific interfaces.
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HLA only

DIS only

5-16

Choosing Entity Identifiers

All versions of the DtEntityPublisher constructor have an optional final argument that
allows you to choose an identifier for the entity. Object identification is handled differ-
ently in DIS and HLA. Please see “Identifying Objects,” on page 5-32 for more infor-
mation about the different ways of identifying objects.

In HLA, the identifier that you are allowed to choose is the object name - an arbitrary
character string that can be used to refer to an entity in inter-federate communications.
If you omit the name argument to the DtEntityPublisher constructor, as in the example
on page 5-15, the RTI chooses one for you. The object handle, another form of object
identification is always chosen by the RTI.

In DIS, the identifier that you are choosing is a DtEntityldentifier, the three-compo-
nent identifier that is used both within an application and between applications to
identify an entity. If you omit the identifier argument to the DtEntityPublisher, as in
the example on page 5-15, VR-Link chooses one for you, using DtExerciseConn’s
nextld() function.

Example:

#if Dt HLA

Dt G obal Obj ect Desi gnator id = "Objectl”;

#el se

Dt G obal Obj ect Desi gnator id = DtEntityldentifier(1, 2, 3);
#endi f

Dt Exer ci seConn exConn(...);
DtEntityType tankType(1l, 1, 225, 1, 1, 0, 0);
Dt EntityPubl i sher tankPub(tankType, &exConn, id);

If you do not choose your own identifier for your object when you create the DtEntity-
Publisher, you can find out what identifier was chosen using the following DtEntityPub-
lisher inspector functions:

+ globalld() returns the global identifier of the object - the object name in HLA, or

the entity identifier triplet in HLA

«+ localld() or id() returns the local identifier of the object - the object handle in HLA,

or the entity identifier triplet again in DIS.
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5.5.2. Setting an Entity's State

You can set a DtEntityPublisher’s state through its DtEntityStateRepository — a container
for an entity’s state. It is defined in entitySR.h.

DtEntityStateRepository is derived from DtBaseEntityStateRepository, so some
inherited member functions appear only in the base class.

In each iteration of your simulation, update the DtEntityStateRepository of each entity
you are simulating locally so that it contains the current state of the entity before calling
DtEntityPublisher::tick(). You can obtain a pointer to a DtEntityPublisher’s DtEntity-
StateRepository using the member function DtEntityPublisher::entityStateRep(). (You
can use esr() as shorthand for entityStateRep().)

DtEntityStateRepository has mutator functions that allow you to set the various compo-
nents of an entity’s state. Time, space, position information can be set with:
+ setLocation()
setVelocity()
setAcceleration()
setOrientation()
setRotational Velocity().

*

*

*

*

These functions (and the corresponding inspector functions) take an optional argument
called timeNow. timeNow specifies the value of simulation time for which you would like
to set or inspect the data. The default is the current value of VR-Link simulation time
as last set with DtSetSimTime.

Components that affect the outward appearance of an entity can be set with functions
such as:

+ setDamageState()

+ setFlamesPresent()

+ setEngineSmokeOn()

+ setHatchState().

See entitySR.h for a complete list.

Corresponding inspector functions also exist in DtEntityStateRepository, but these are
more typically used to inspect a remote entity’s state, rather than that of a locally simu-
lated entity that you have set yourself.

Some mutator functions take enumerations as arguments. Values for these enumera-
tions are in disEnums.h. Functions that take DtBooleans should be passed either DtTrue
or DtFalse.
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5.5.3.

5.5.4.

5-18

Coordinates

Positions, velocities, and accelerations must be set in geocentric coordinates, as specified
in the DIS Standard and DIS-based FOM s like the RPR FOM. In this coordinate
system, the origin represents the center of the earth, the X-Y plane goes through the
equator, with the X axis passing through the prime meridian, the Y axis passing through
90 degree east longitude, and the Z axis pointing through the north pole. Use the
DtVector class to set coordinates. Coordinates are specified in meters.

Orientation is specified as a DtTaitBryan, a class that represents three angles — successive
rotations needed to transform from the geocentric coordinate system to the entity coor-
dinate system (origin at the center of mass, X points out the front, Y points out the
right side, Z points out the bottom.) The specific sequence of rotations is known as the
Tait-Bryan sequence, in which you first rotate about Z, then about the new Y, then
about the newest X axis. The angles are specified in radians.

See “Coordinate Conversions,” on page 9-7 for illustrations of the different coordinate
systems, information about converting between rotation matrices and Euler angles, and
information about converting among the many different coordinate systems supported
by VR-Link.

Alternatively, VR-Link provides various View classes, which provide the ability to set
data in a DtEntityStateRepository in other coordinate systems without performing
explicit conversions. These are described in “Coordinate Views,” on page 5-37.

Example of Setting the State of An Entity

The following code sample is an example of using DtEntityStateRepository’s mutator
functions to set the current state of an entity you are simulating:

Dt EntityPubl i sher tankPub(...);

/1 Grab a pointer to our entity publisher's ESR

Dt EntityStateRepository *esr = tankPub.entityStateRep();

/1 Set location to sonewhere near Ft. Hunter Liggett, CA,

/1 in geocentric coordinates.

esr->set Locati on( Dt Vect or (- 2696545. 0, -4430407.0,
3701906.0));

/'l Velocity and accel eration are also in geocentric

/1 coordinates

esr->set Vel oci t y(Dt Vect or (100. 0, 100.0, 100.0));

esr->set Accel eration(DtVector (0.0, 0.0, 0.0));

/1 Set orientation as three Euler angles in radians

esr->setOrientation(DtTaitBryan(-2.11, 0.948, 2.469);

/1 Set angular velocity vector in body coordinates

esr->set Rot ati onal Vel ocity(Dt Vector (0.0, 0.10, -0.125);

/1 Indicate that the entity is on fire

esr->set Fl anesPresent (Dt True) ;

/'l Indicate that the entity is slightly damaged

/1 The Dt DamageState enunmeration is in di sEnums. h

esr - >set DamageSt at e( Dt DanageSl i ght) ;
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5.5.5.

DIS only

HLA only

You can use DtEntityStateRepository::printData() to print the current contents of a
DtEntityStateRepository in human readable form.

Using the DtEntityPublisher::tick() Function

DtEntityPublisher::tick() is the function that does most of the DtEntityPublisher’s work.
Call it for each DtEntityPublisher once per simulation frame, after the entity’s state has
been updated using the DtEntityStateRepository’s mutator functions.

The tick() function decides what data needs to be sent to the other exercise participants
and formats and sends that data through the DtEntityPublisher’s exercise connection.

How the tick() Function Knows When to Send Data

DtEntityPublisher internally maintains a second DtEntityStateRepository representing the
way remote applications currently see the entity, based on prior entity state updates and
dead-reckoning calculations. VR-Link compares the current state with this lower
fidelity representation of state. If position or orientation differences exceed the DtEnti-
tyPublisher’s thresholds, or if any other attributes have changed at all, data needs to be
sent so that remote applications will have the most current information.

Current data is sent whenever:

+ Position or orientation thresholds are exceeded

+ Other state data changes

+ The time since the last update was sent exceeds a threshold.

In the third case, data is sent even if nothing has changed. (This DIS rule is sometimes

known as an entity heartbeat.) If data needs to be sent, an Entity State PDU is sent to
the exercise containing current values for all fields.

An attribute update is sent containing values for only those attributes whose update
conditions (as specified by the FOM) have been met. The update condition for most
attributes is any change since the attribute was last sent. However, in the RPR FOM,
position, velocity, acceleration, orientation, and angular velocity are always updated
together based on a single update condition - when the current position or orientation
differs from the value that would be computed by dead-reckoning exceeds thresholds,
as described earlier in this section.
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5.5.6.

DIS only

5.5.7.

HLA only

DIS only
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Setting Position and Orientation Thresholds

Position and orientation thresholds are used to determine when position and orienta-
tion data needs to be sent to other exercise participants (as described in “How the tick()
Function Knows When to Send Data,” on page 5-19). The DtThresholder class (defined
in thresholder.h) holds threshold values. DtThresholder has a set of global threshold
values that are shared among all entities that have not overridden them. To change the
global thresholds values, use DtThresholder’s static mutator functions.

You can override global thresholds on a per-entity basis through the mutator functions
of each entity’s thresholder object, which can be obtained using
DtBaseEntityStateRepository::thresholder(). DtEntityPublisher has setDflt Threshold()
functions for compatibility with older releases of VR-Link, but the DtThresholder func-
tions should be used instead. A DtThresholder has a DtArtPartThresholder (available
through the artPartThresholder() function) through which you can set and inspect
articulated parts thresholds. DtArtPartThresholder is defined in artPartThresh.h.

Translation threshold is specified in meters, and defaults to 1.0. Rotation threshold is
specified in radians and defaults to the radian equivalent of 3.0 degrees.

For DIS, there is an additional time threshold that defaults to 5.0 seconds. Time is
specified in seconds.

Removing a Locally-Simulated Entity

Deleting a DtEntityPublisher’s removes an entity from the exercise.

In HLA, the DtEntityPublisher destructor calls the deleteObjectinstance RT1 service.

In DIS, the DtEntityPublisher destructor sends a final Entity State PDU with the
FinalPdu appearance bit (bit 23) set. If you do not want a DtEntityPublisher to send
this final PDU on destruction, pass an argument of DtFalse to its sendFinalPduOnDe-
struction() function at some point before deleting it.
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5.6. Working with Remote Entities

DIS only

5.6.1.

A DtReflectedEntityList maintains the current state of entities that VR-Link learns about
through updates received from other participants in an exercise.

For DIS, an application receives entity state PDUs sent by itself along with those sent
by other applications. Therefore, in DIS the DtReflectedEntityList contains a represen-
tation of locally simulated entities as well.

Each entity in the Reflected Entity List is represented by an instance of DtReflectedEn-
tity. The list provides member functions that let you look up a DtReflectedEntity either
local 1D or global 1D, or iterate through all of the entities in the list.

VR-Link provides both HLA and DIS versions of DtReflectedEntityList and DtReflected-
Entity, which are defined in hReflEntList.h, hReflectedEnt.h, dReflEntList.h, and dReflect-
edEnt.h. Rather than include all of these header files, you can include reflEntList.h and
reflectedEnt.h, which include the appropriate versions based on whether or not you have
included the DtHLA=1 definition in your compile line.

Although the two versions of these classes are defined separately, most of the public
member function names and prototypes are shared by the two versions, so that you can
make most of these calls regardless of which protocol you are using.

Creating Reflected Entity Lists

A DtReflectedEntityList is created on an exercise connection as follows:
Dt Exer ci seConn exConn(...);

Dt Ref | ect edEnti t yLi st ( &xConn) ;

Whenever the DtReflectedEntityList detects a new entity, it automatically creates a new
DtReflectedEntity to represent it. Whenever it receives a state update, it updates the
corresponding DtReflectedEntity to reflect the current state. These two events will occur
automatically as long as DtExerciseConn::drainlnput() is called periodically within
your application. No further action is required before inspecting data on remote enti-
ties.
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5.6.2. Iterating Through A DtReflectedEntitylList

5-22

DtReflectedEntityList has first() and last() member functions, which return the first and
last entities in the list. DtReflectedEntity has next() and prev() member functions, which
return the next and previous entity in the list. These two functions return NULL if you
try to read past the end or beginning of the list. You can iterate through all entities in
the list as follows:

Dt Ref | ectedEntityList rel(...);

for (DtReflectedEntity* ent =rel.first();
ent;
ent = ent->next())

{

}

DtReflectedEntity also has wrapNext() and wrapPrev() member functions that are
similar to next() and prev(), but which loop back to the first or last entity in the list
when you try to move past the end or beginning of the list.

You can obtain the total number of entities in the DtReflectedEntityList with the count()
member function.

If you want to look up a DtReflectedEntity by its 1D, use the DtReflectedEntityList
member function lookup(). Lookup can accept either a global ID (object name in
HLA, or Entity Identifier triplet in DIS), or a local 1D (object handle in HLA, or the
Entity Identifier triplet, again, in DIS). For example:

Dt d obal Cbj ect Desi gnator id = firelnteraction.targetld();
Dt Refl ectedEntity* ent = reflectedEntityList.|ookup(id);

or
#if Dt HLA
Dt Objectld id = 15;
#el se
DtObjectld id = DtEntityldentifier(l, 2, 3);
#endi f

Dt Refl ectedEntity* ent = reflectedEntityList.|ookup(id);

See “ldentifying Objects,” on page 5-32 for more information about the different ways
of identifying objects.
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5.6.3.

HLA only

Inspecting an Entity's State

DtReflectedEntity uses a DtEntityStateRepository to store the current state of the entity.
This is the same class used by DtEntityPublisher to store the state of a locally simulated
entity. See “Setting an Entity’s State,” on page 5-17 for more details. Individual state
data items are inspected through DtEntityStateRepository inspector functions rather than
directly through the DtReflectedEntity.

You can get a pointer to a DtReflectedEntity’s DtEntityStateRepository using DtReflected-
Entity::entityStateRep() or DtReflectedEntity::esr().

DtEntityStateRepository has inspector functions that allow you to look at various
components of an entity’s state. Time, space, position information can be obtained
using:

+ location()

+ velocity()

« acceleration()

+ orientation()

+ bodyToGeoc()

« rotational\Velocity().
You can examine components that affect the outward appearance of an entity with
functions such as:

+ damageState()

+ flamesPresent()

+ engineSmokeOn()

«+ hatchState().
DtEntityStateRepository has inspector functions that return the last value that was passed
to the respective mutator function. These functions make it easier to obtain non-dead-
reckoned data from an DtEntityStateRepository that is, in general, doing dead-reck-
oning. The functions are:
lastSetLocation()
lastSetVelocity()
lastSetAcceleration()
lastSetOrientation()
+ lastSetRotationalVelocity().

See entitySR.h for the complete list. DtEntityStateRepository is derived from
DtBaseEntityStateRepository, so inherited functions are in baseEntitySR.h.

*

*

*

*

In HLA, when you create a DtReflectedEntityList, VR-Link requests an update of all
attributes. However, because of the way HLA works, you can't be absolutely certain
that all the attributes have been updated at the point that you inspect them. For infor-
mation about how to resolve this problem, see page 5-28.
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Mutator functions also exist within DtEntityStateRepository, but these are usually used to
set a locally simulated entity’s state, rather than that of a reflected entity, which is set
automatically from data in state updates received from the exercise.

Positions, velocities, and accelerations returned by DtEntityStateRepository are in
geocentric coordinates, as specified in the DIS Standard and D1S-based FOMs. (See
“Coordinates,” on page 5-18.) Orientation is available in one of the following forms:

+ The orientation() member function returns a DtTaitBryan.

+ The bodyToGeoc() member function returns a rotation matrix that will rotate
from the body to geocentric coordinate system.

See “Coordinate Conversions,” on page 9-7 for information about how to convert rota-
tion matrices to Euler angles, and how to convert among the many different coordinate
systems supported by VR-Link. In addition, “Coordinates,” on page 5-18 provides
more information about the coordinate systems mentioned above.

VR-Link also provides various View classes, described in “Coordinate Views,” on
page 5-37, which provide the ability to inspect data in a DtEntityStateRepository in other
coordinate systems without explicitly performing coordinate conversions.

Some of the inspector functions return enumerations. Values for these enumerations are
in disEnums.h. When a DtBoolean is returned, it will be either DtTrue or DtFalse.

The following example shows how to use DtEntityStateRepository’s inspector functions
to examine the current state of a reflected entity, within a function that prints part of
the state of the first entity in the list:

void printStateO' FirstEnt (Dt ReflectedEntityList* rel)
{
/!l Grab a pointer to the first entity
Dt Refl ectedEntity* firstEnt = rel.first();
/1 Make sure the list isn't empty
if (!firstEnt)
{
return;
}
/1 Print the entity's ID
printf("ID %\n", firstEnt->entityld().string());
/!l Grab a pointer to the entity's ESR
Dt EntityStateRepository *esr = firstEnt->entityStateRep();
/1 DtVector and DtTaitBryan's string nmenber functions
/1 return a string representation of their data

printf("Loc: %\n", esr->location().string());
printf("Vel: %\n", esr->velocity().string());
printf("Accel: %\n", esr->acceleration().string());

printf("Orient: %\n", esr->orientation().string());
printf("AngVel:%\n", esr->rotationalVelocity().string());
if(esr->fl anesPresent == Dt True)
{

printf("Flamng!'\n");
}
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5.6.4.

/1 The Dt DammgeState enuneration is in di sEnuns. h
if (esr->danmgeState() == Dt DamageDestroyed)

{
printf("Destroyed!\n");

}
}

DtEntityStateRepository::printData() works in a similar way, and you can use it to
print the current contents of a DtEntityStateRepository in human readable form.

Dead-Reckoning

By default, the position, velocity and orientation returned by a DtReflectedEntity’s
DtEntityStateRepository’s member functions (location(), velocity(), orientation(), and
bodyToGeoc()), are dead-reckoned values. That is, they are not necessarily the values
last received via state updates from the exercise. They are extrapolated forward to the
current value of VR-Link simulation time from acceleration, velocity, and angular
velocity based on the entity’s current dead-reckoning algorithm.

The current value of VR-Link simulation time is the last value passed to DtSetSimTime,
which should be called once per frame by an application. In this way, all entities are
dead-reckoned to the same time within that frame, regardless of the order in which the
locations are inspected. Time of validity of the inputs to the dead-reckoning equation is
the value of VR-Link simulation time when the data was received from the exercise.

Notes:

+ There is no performance penalty for calling the inspectors for dead-reckoned values
more than once during a particular frame. As long as the value of VR-Link simula-
tion time has not changed, the dead-reckoning code is not executed again; a cached
value is used. Dead-reckoning is not performed for entities whose positions and
orientations are never inspected.

+ Dead-reckoning applies to entities and aggregates, but not to the other objects.

Dead-reckoning of orientation as a set of Euler angles is a more expensive
operation than dead-reckoning orientation as a rotation matrix. So use body-
ToGeoc() rather than orientation() in cases where performance is an issue
and you do not have an explicit need for the Euler angle representation.

For non-dead-reckoned values, use the values returned by DtEntityStateRepositorys func-
tions lastSetLocation(), lastSetVelocity(), and so on.
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5.6.5.

5-26

Dead-Reckoning Details

A DtEntityStateRepository uses a DtDeadReckoner to perform dead-reckoning calcula-
tions, or other types of extrapolation of position and orientation. When DtEntityState-
Repositorys mutator functions are used to set any position-related values, those values
are passed to the DtDeadReckoner’s mutators. Then, when DtEntityStateRepository’s
inspectors are used to ask for current values, the DtEntityStateRepository obtains extrap-
olated values from the dead-reckoner using its inspectors.

If you would like to change the way dead-reckoning is handled by a DtEntityStateRepos-
itory, you can create a subclass of DtDeadReckoner, override the functions you need, and
tell a DtEntityStateRepository to use an instance of your subclass through its
useDeadReckoner() function (which is inherited from DtBaseEntityStateRepository).

Similarly, if you would like a DtEntityStateRepository not to perform dead-reckoning at
all, pass NULL to useDeadReckoner(). In fact, this is what a DtEntityPublisher does
with its DtEntityStateRepository, since you typically do not want dead-reckoned values
when inspecting the DtEntityStateRepository of a locally simulated entity.

To restore the DtEntityStateRepository’s original default dead-reckoner, call
useDeadReckoner() with no arguments.

Using Smoothing

VR-Link can smooth out the jumps in entity position that would otherwise occur when
new HLA or DIS state data arrives. The DtSmoother class (defined in smoother.h) imple-
ments this functionality. DtSmoother is derived from DtDeadReckoner, so a DtSmoother
can be used by DtReflectedEntity’s DtEntityStateRepository as its deadReckoner. If a
DtEntityStateRepository is using a DtSmoother, the values returned by location(),
velocity(), orientation() and bodyToGeoc() are smoothed values.

The DtReflectedEntityList constructors have an optional boolean argument indicating
whether its reflected entities should use smoothers as their dead-reckoners or not
(default is no). Alternatively, you can instruct an individual reflected entity’s DtEntity-
StateRepository to use a DtSmoother using DtEntityStateRepository’s useSmoother() call.

To set the global default time over which smoothing takes place, use DtSmoother’s static
function setDfltSmoothPeriod(). To override the default in individual DtSmoothers, use
setSmoothPeriod().

Smoothing applies to entities and aggregates, but not to other objects.

Figure 3-3 illustrates smoothing.
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5.6.6.

Learning when Entities Join or Leave An Exercise

Often, an application will want to be notified when an entity joins or leaves the exer-
cise. This is achieved by registering entity-addition and entity-removal callbacks with a
DtReflectedEntityList. Entity-addition callbacks are called by VR-Link just after an
entity is added to the DtReerctedEntityList.1 Entity-removal callbacks are called just
before an entity is removed from the DtReflectedEntityList. Both occur within DtExer-
ciseConn::drainlnput() when we receive news from the exercise that an entity has
joined or left.

Entity-addition and entity-removal callbacks both must have the following function
signature:
void func(DtRefl ectedEntity* ent, void* userData);

They are registered with a DtReflectedEntityList using its addEntityAdditionCallback()
and addEntityRemovalCallback() functions. Similarly, these callbacks can be unregis-
tered with removeEntityAdditionCallback() and removeEntityRemovalCallback().

In the following example, the application prints HELLO and GOODBYE when an
entity comes or goes, along with the ID of the entity:

void printHel |l o(Dt Refl ectedEntity* ent, void* userData)
{

}

printf("HELLO %\n", ent->id().string());

voi d print Goodbye(Dt Refl ect edEntity* ent, void* userData)
{

}

printf (" GOODBYE %s\n", ent->id().string());

mai n()

{

rel ->addEntityAddi ti onCal | back(printHello, NULL);
rel - >addEnti t yRenoval Cal | back(pri nt Goodbye, NULL);

}

An alternate method of receiving notification that an entity has joined or left the exer-
cise is by subclassing DtReflectedEntityList, and overriding the virtual functions entity-
Added() and removeAndDelete(). entityAdded() is called just after an entity is added to
a DtReflectedEntityList,® while removeAndDelete() is called in order to remove an entity
from the DtReflectedEntityList. If you do override removeAndDelete(), be sure to call
down to the base version of this function from within your implementation, since this
is what actually accomplishes the removal of the entity from the list.

1. An entity state repository is not filled out at this point in HLA.
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HLA only

DIS only

5.6.7.

5-28

An entity is added to the DtReflectedEntityList as soon as VR-Link receives a discover-
Object() service call from the RTI. This occurs before the first attribute update is
presented to us by the RTI. For this reason, the DtReflectedEntitys DtEntityStateReposi-
tory will not contain any data at the time that the entity is passed to your entity addi-
tion callback or the overridden version of entityAdded(). Only the entity’s ID will have
been set at this point. Therefore, within your callback or entityAdded() you should
only be doing things like saving a pointer to the entity, rather than trying to inspect
any data.

Typically, the first update immediately follows the discoverObject() invocation for a
new entity. Therefore, by the time drainlnput() returns, most data will be valid for
your application to inspect. If you want to be notified immediately after the first
update arrives, see “Notifying An Application When State Updates Arrive,” on page 5-28.

Another consideration is that these callbacks as well as entityAdded() and removeAnd-
Delete() are called from within RTI callbacks. RT1 rules prohibit making RT1 calls
from within an RT1 callback, so do not make any RTI calls (or call any functions that
make RTI calls) from within entityAdded() or removeAndDelete().

Entity addition callbacks and the virtual function entityAdded() are called after the
first entity state PDU for the entity has been processed. Therefore, the state of the
entity is available within entityAdded(), through the entity’s DtEntityStateRepository.
However in the interest of writing protocol-independent code (to take into account the
HLA issues discussed in previous paragraphs), you might not want to inspect the data
at this point in the code for DIS applications.

Notifying An Application When State Updates Arrive

Some applications might want to be notified when new state data is received from the
application that is simulating a particular entity. You can do this by registering a post-
update callback function with a DtReflectedEntity. These functions must have the
following signature:

voi d func(DtReflectedEntity* ent, void* userData);

They are registered using DtReflectedEntitys addPostUpdateCallback(). Similarly, to
unregister your callback function, use removePostUpdateCallback().

Post-update callbacks are called by VR-Link from within DtExerciseConn::drain-
Input() immediately after a state update message has been decoded into the reflected
entity’s DtEntityStateRepository. That is, when your callback is called, the DtEntityState-
Repository will already reflect the new values contained in the update.
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As an example of when you might want to use this functionality, suppose you have an
application that needs to create different types of graphic icons to represent different
types of entities. You would like to be notified when a new entity arrives, so that you
can create a new icon, but entity type information is not available to an entity-addition
callback in HLA. The way to accomplish this, is to register a post-update callback from
within your entity-addition callback. When your post-update callback is invoked, you
can check to see whether you have received a value for the entity type yet (since in
HLA, that data might not arrive in the first update):

void nmyEntityAdditi onCo(DtRefl ectedEntity* ent, void* usr)

{
/1 A newentity has arrived, but its ESRis enpty. Request
//to be notified when an update has been processed.
ent - >addPost Updat eCb( myPost Updat eCh, usr);
}
voi d myPost Updat eCb( Dt Ref | ect edEntity* ent, void* usr)
{
/1l A state update for the entity has just been processed,
/1 but there’s no guarantee that entity type was included.
Dt EntityStateRepository* esr = ent->esr();
if (esr->entityType() != DtEntityType(O,0,0,0,0,0,0))
{
/1 W' ve received entity type info, and can now use it
/] to create an appropriate icon.
addl con(esr->entityType());
/1 W probably no | onger need the post-update call back.
ent - >r enovePost Updat eCb( nyPost Updat eCb, usr);
}
}
mai n()
{
/1l Register the entity addition callback with a reflected
/] entity list.
rel - >addEnt it yAddi ti onCal | back(nmyEntityAdditi onCb, soneQj);
}

Because the reception of state data works differently in DIS and HLA, and because we
wanted the post-drain callback mechanism to work in a protocol-independent manner,
you do not have access to the update message itself from within the post-drain callback.

If you want to actually intercept an incoming state update message in either
HLA or DIS, please see the appropriate protocol-specific sections.
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5.6.8.

DIS only

HLA only

5.6.9.

5-30

Timeouts

DtReflectedEntityList can time entities out, removing them from the list if an update has
not been received within some period of time.

This capability is on by default in DIS, where the rules state that an entity state PDU
(heartbeat) must be sent periodically (usually once every 5 seconds), even if no data has
changed. Therefore, if we have not received a heartbeat in a reasonable amount of time
(usually 12 seconds), we can safely assume that the entity has unexpectedly left the
exercise.

In HLA, there is no heartbeat rule; it is perfectly valid for an entity to go several
minutes or more without updating attributes, as long as nothing has changed. For this
reason, timeouts are off by default. When timeout processing is off, a DtReflectedEntity
is not removed from the DtReflectedEntityList until we are notified by the RT1 that the
entity has left the exercise.

You can control timeout processing on a per-reflected-entity-list basis. For both DIS
and HLA, timeouts can be turned on and off using DtReflectedEntityList::setTimeout-
Processing(). (This function is inherited from the DtReflectedObjectList base class.) The
argument is a DtBoolean, either DtTrue or DtFalse.

If timeout processing is on, the DtReflectedEntityList checks to see if any entities need to
be timed out each time DtExerciseConn::drainlnput() is called. The timeout interval
(the amount of time that can elapse since the last update before an entity is timed out)
defaults to 12.0 seconds, but can be configured with DtReflectedObjectList::setTime-
outinterval().

Subclassing DtReflectedEntity

Some visually-oriented applications might want to associate additional data or func-
tionality with a DtReflectedEntity. One way to achieve this is by subclassing DtReflected-
Entity. For example, you could use a subclass of DtReflectedEntity to associate graphics
data with the entity.

If you subclass DtReflectedEntity (rather than associating data through composition, for
example), you need to subclass DtReflectedEntityList as well. The reason for this is
simple: DtReflectedEntities are created by the DtReflectedEntityList, and the DtReflected-
EntityList only knows how to create DtReflectedEntities. You need to create a derived
DtReflectedEntityList that knows how to create your derived DtReflectedEntities.

A DtReflectedEntityList uses the virtual function newReflectedEntity() to create DtRe-
flectedEntities. It is this function that you must override with a definition that returns a
new instance of your derived DtReflectedEntity.

The constructors for DIS and HLA versions of DtReflectedEntity take different argu-
ments; therefore the two versions of DtReflectedEntityList::newReflectedEntity(),
(which basically just passes its arguments to the DtReflectedEntity constructor) take
different arguments as well.
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The following example shows how to subclass the two classes:

class nyReflectedEntity : public DtReflectedEntity

{
public:
/1 Constructor
#if DtHLA
myRef | ect edEntity(Dt H aCbj ect* obj,
Dt Exer ci seConn* conn)
Dt Ref | ect edEntity(obj, conn)
#el se
nmyRef | ect edEnt it y( Dt Exer ci seConn* conn,
const DtEntityldentifier& id,
const DtEntityType& type)
Dt Ref l ectedEntity(conn, id, type)
#endi f
{
/1 The two versions may be able to share a body
}
/'l Specifics of nyReflectedEntity
b
class nmyREL : public DtReflectedEntitylList
{
public:
/1 Constructor (same for both DI'S and HLA)
my REL( Dt Exer ci seConn* exConn)
Dt Ref | ect edEnti tyLi st (exConn) {}
#if Dt HLA
virtual DtReflectedEntity*
newRef | ect edEntity(Dt H aObj ect* obj) const
{
return new nyRefl ectedEntity(obj, exerciseConn());
}
#el se
virtual DtReflectedEntity* newRefl ectedEntity(
const DtEntityldentifier& id,
const DtEntityType& type) const
{
return new nyRefl ect edEntity(exerciseConn(), id, type);
}
#endi f
b
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5.7. Identifying Objects
Obiject identification is handled fairly differently in HLA and DIS.

5.7.1. ldentifying Objects in DIS

In DIS, entities are identified by a triplet (site:application:entity) known as an Entity
Identifier. This structure can be represented in VR-Link using the DtEntityldentifier
class, defined in hostStructs.h. Other, non-entity objects are identified in various ways.
For example, emitter systems are identified using the Entity Identifier of the host entity
plus an addition emitter number.

5.7.2. ldentifying Objects in HLA

In HLA, an object can be identified in several ways:

+ All objects have an object handle - an integer that an application uses to identify a
particular object in RTI service calls. An object handle is meaningful only to a
particular federate. The same object can be known to different federates by
different object handles. Because of this, handles cannot be used within attribute
updates or interaction messages that are exchanged among federates. If | say I'm
attacking object #1, a remote federate would not know who I'm talking about.
Obiject handles are assigned by the RT1 when you register a locally simulated object
with the RTI, or when a remote object is discovered by the RTI. They cannot be
assigned by users. Object handles are represented by an RT1::ObjectHandle, which
is typedefed to an unsigned long.

+ All objects also have an object name - a character string that can be used to identify
an object. The object name is known to the RT1, and the RTI provides functions to
find out an object’s name, given its handle, and vice versa. Object names can be
chosen by applications that register the objects with the RTI, however if you do not
want to choose names for objects, the RTI will assign names for you. Object names
are represented using char *, or VR-Link’s DtString class.

+ FOMs may choose to define other ways of identifying particular kinds of objects.
These other identifiers are merely attributes of the object, and do not have any
special identifier characteristics as far as the RT1 is concerned. For example, the
BaseEntity class in the RPR FOM contains an attribute called EntitylD that is
represented by a DIS-style Entity Identifier triplet - the DtEntityldentifier class in
VR-Link.!

1. The RPR FOM chose to maintain the Entity Identifier attribute because it contains more
information than just an object name or handle. It tells you the site and application that own
the entity.
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5.7.3. How VR-Link Identifies Objects

In the interests of protocol independence, VR-Link provides two types that can be
useful in passing around the various types of identifiers.

A DtObjectld (or local D) can be used regardless of protocol, to identify an object
within an application, but not to communicate the identity of an object to other feder-
ates in PDUEs, interactions, or attribute updates. In HLA, DtObjectld is a class that
serves as a wrapper around an RT1::ObjectHandle. In DIS, DtObjectld is typedefed to
DtEntityldentifier.

A DtGlobalObjectDesignator (or global D) can be used regardless of protocol to identify
an entity in inter-application communication within PDUs, interactions, and attribute
updates. In HLA, DtGlobalObjectDesignator is typedefed to DtString - a VR-Link
wrapper around char * that can be used to store object names. In DIS, DtGlobalOb-
jectDesignator is still typedefed to DtEntityldentifier, since in DIS that same type of ID
is used to identify an object both within an application, and between applications.

Reflected Object Lists allow you to look up reflected objects by local ID or by global
ID. DtObjectPublishers and DtReflectedObjects have functions to return both the object’s
local ID (id() or objectld()) and global 1D (globalld()). PDU, interaction, and state
repository classes have mutator functions that expect global 1Ds and inspector func-
tions that return global IDs.

For example, if you have a DtEntityPublisher representing an entity that you are simu-
lating, and you are sending a fire interaction, indicating that your entity is firing a
munition, you might say:

firelnter.setAttackerld(entityPub.globalld());

If you receive a fire interaction from a particular entity, and would like to find out more
about its state, you can look up the entity in a reflected entity list like this:

Dt Ref l ectedEntity* ent = rel.lookup(firelnter.attackerld());

When constructing an HLA publisher, you can either choose a name for your object, or
pass a NULL name (the default), and let the RTI choose for you. See “Working with
Locally Simulated Entities,” on page 5-14 for examples.
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5.8. Working with Other Types of Objects

5-34

As we mentioned in “Working with Entities,” on page 5-14, much of the discussion
about managing entities applies to managing other types of objects. But rather than
using DtEntityPublisher, DtReflectedEntityList, DtReflectedEntity and DtEntityStateRepos-
itory, you use the other subclasses of DtObjectPublisher, DtReflectedObjectList, DtReflect-
edObject and DtStateRepository to manage the appropriate type of objects, as described
in this section. To use any of the following objects, read the description for managing
an entity and substitute the appropriate object class for those used in the descriptions
and examples:

+ aggregate

DtAggregatePublisher (hAggPub.h)
DtReflectedAggregateList (hReflAggList.h)
DtReflectedAggreate (hReflectedAgg.h)
DtAggregateStateRepository (aggregateSR.h)

+ designator

DtDesignatorPublisher (hDesignatrPub.h)
DtReflectedDesignatorList (hRefDesigList.h)
DtReflectedDesignator (hReflDesigntr.h)
DtDesignatorRepository (designatorSR.h)

+ emitter

DtEmitterSystemPublisher (hEmittrSysPub.h)
DtReflectedEmitterSystemList (hRefEmSysList.h)
DtReflectedEmitterSystem (hReflEmitrSys.h)
DtEmitterSystemRepository (emitterSysSR.h)

+ radio receiver

DtRadioReceiverPublisher (hRadioRcvrPub.h)
DtReflectedRadioReceiverList (hRefRadRvList.h)
DtReflectedRadioReceiver (hReflRadRecvr.h)
DtRadioReceiverRepository (radioRecvrSR.h)

+ radio transmitter

DtRadioTransmitterPublisher (hRadioXmitPub.h)
DtReflectedRadioTransmitterList (hRefRadXmList.h)
DtReflectedRadioTransmitter (hReflRadXmitr.h)
DtRadioTransmitterRepository (radioXmitSR.h).
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5.8.1.

Each kind of state repository has accessors for the data associated with the corre-
sponding kind of object, and each kind of publisher and reflected object use the appro-
priate kind of DtStateRepository. Each kind of reflected object list manages instances of
the appropriate kind of reflected object.

Managing Emitters

Emitters are a bit of a special case, particularly since the RPR FOM implements emitter
systems and their constituent emitter beams using two different FOM object classes.
We have tried to hide this FOM detail as much as possible, so that we can work with
FOM s that do not break things up this way, and with DIS.

VR-Link contains DtEmitterBeamPublisher, DtReflectedEmitterBeamList, and DtReflect-
edEmitterBeam classes to manage individual emitter beam objects, but application code
normally should not use these directly. Instead, instances of these classes are used by the
corresponding emitter system classes to manage a system’s component beams, and you
can get or provide information about a system’s beams through the classes that manage
emitter system information.

The state of an emitter beam is represented with a DtEmitterBeamRepository (emitter-
BeamSR.h), a class that you will need to use. A DtEmitterSystemRepository consists of
some system wide state, then a list of instances of DtEmitterBeamRepository - one for
each constituent beam.

When publishing an emitter system, create the DtEmitterSystemPublisher, obtain a
pointer to its DtEmitterSystemRepository using its emitterSystemRep() or esr() member.
Then add beams using DtEmitterSystemRepository’s addBeam() function. A DtEmitter-
BeamRepository to be used to set the state of the new beam is returned by addBeam().
After adding a beam to a system repository, make sure to set the beam’s parent system
ID to your system’s ID using DtEmitterBeamRepository’s setEmitterSystemId().

You can remove beams using DtEmitterSystemRepository’s removeBeam() function. The
list of all beam’s repositories is available through DtEmitterSystemRepository’s beamList()
member.

Here’s an example:

/]l Create the system publisher
Dt Emitter Syst enPubl i sher sysPub( &conn);

/] Get a pointer to its systemstate repository
Dt Emitter Syst emRepository* esr = sysPub.esr();

/1 Add a beam and keep a pointer to its beamrepository
/1 W'l give the beam a beam | D of 10.
Dt Emitt er BeanReposi tory* bsr = esr->addBeant( 10);

/1l Set the beamis parent systemI|D
bsr->set Emi tti ngSyst em d(sysPub. gl obal 1d());

while (...)
{

/1l Each frame, you you can set various attributes of the systenis
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/'l state using esr, and of the beanmis state using bsr.

/1 Then just tick the system publisher. This will cause any
/1 necessary system and beam data to be sent.
sysPub. tick();

}

On the receiving side, you can create an instance of DtReflectedEmitterSystemList, and
iterate through or look up systems as with any other type of reflected object list.

When you inspect a DtEmitterSystemRepository, it contains a list of DtEmitterBeamRe-
positories for the system’s beams, available through beamList(). Because beams are sepa-
rate objects in the RPR FOM, beams can come and go while the system exists in HLA.
If you've saved a pointer to a DtEmitterBeamRepository, you can make sure that beam is
still valid by looking it up in the system’s list using DtEmitterBeamReposi-
tory::isMember().

Here’s an example:

Dt Ref | ect edEmi tter Syst enLi st sysLi st (&conn);

while (...)
{

/Il Get a pointer to the first systemin the list.
Dt Refl ect edEnmi tter Systent sys = sysList.first();

/Il Get a pointer to the systenmis state repository.
Dt Emitter SystenReposi tory* esr = sys->esr();

/1l Get a pointer to the systems first beanmls state repository
Dt Emi tt er BeanReposi tory* bsr =
(Dt EmitterBeanRepository*) esr->beanList()->first();

/1 Now you can use esr and bsr to inspect the state of the system
/1 and its first beam

}
If VR-Link obtains HLA updates for a beam without having first discovered its parent
system, DtReflectedEmitterSystemList creates a phantom system with the object name
indicated by the beam’s emittingSystemld attribute, and adds a beam state repository
representing the beam to that phantom system’s repository. If we later discover the
system object, its updates are decoded directly into the existing system repository.
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5.9. Coordinate Views

DtEntityStateRepository’s mutators and inspectors expect and return position and orien-
tation and their derivatives in geocentric coordinates. If you would like to use a
different coordinate system in your application, you can use VR-Link’s explicit coordi-
nate conversion routines to convert outgoing data to a geocentric form before setting
values in a DtEntityPublisher’s DtEntityStateRepository, and to convert incoming data
obtained from a DtReflectedEntity’s DtEntityStateRepository from geocentric to your
coordinate system of choice. However, there is an easier way.

VR-Link provides several View classes that can be created on a DtEntityStateRepository,
providing access to the data in a coordinate system other than geocentric. After creating
the appropriate view, simply use its mutators and inspectors, rather than directly calling
the DtEntityStateRepository’s functions. The View's functions call down to the DtEntity-
StateRepository’s functions before or after doing the conversions, so that the DtEntity-
StateRepository always stores geocentric data.

VR-Link has three View classes:

+ DtUtmView supports UTM coordinates.
+ DtCartesianView supports any arbitrary Cartesian coordinate system.

+ DtTopoView is derived from DtCartesianView and supports topographic coordinate
systems (Cartesian systems that have their X-Y plane tangent to the Earth’s surface
at their origin, with the X axis pointing north, the Y axis pointing east, and the Z
axis pointing down).
These classes are defined in utmView.h, cartView.h, and topoView.h. See “Coordinate
Conversions,” on page 9-7 for more information about these coordinate systems.

The DtEntityStateRepository inspector and mutator functions that can be circumvented
using Views are:

+ location()

+ setLocation()

«+ velocity()

«+ setVelocity()

« acceleration()

+ setAcceleration()

+ orientation()

+ setOrientation()

+ bodyToGeoc()

« rotational\Velocity()

+ setRotational Velocity().

However, since rotationalVelocity() is always specified in body rather than geocentric

coordinates, the Views rotational\Velocity() and setRotational\Velocity() functions just
pass the DtEntityStateRepository values through without any conversion.
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5.9.1. Topographic Coordinate Views

The DtTopoView constructor takes a pointer to the DtEntityStateRepository that we will
be accessing, and a latitude and longitude (in radians) that define the particular topo-
graphic coordinate system we'd like to work in, for example:

Dt EntityPublisher entPub(...);
Dt EntityStat eRepository* esr = entPub.entityStateRep();
Dt TopoVi ew t opoVi ew( esr, Dt Deg2Rad(36.0), DtDeg2Rad(-121.0));

You can use DtTopoView’s mutators to set positions and orientations specified with
respect to a topographic coordinate system whose origin is at a lat/long of {36.0,
-121.0}.

| Topographic Euler angles correspond to heading, pitch and roll.

/1 Topographi ¢ coordi nates

topoVi ew. set Locat i on( Dt Vect or (100.0, 100.0, 0.0));

topoVi ew. set Vel oci ty(Dt Vector(10.0, 10.0, 0.0));

topoVi ew. set Accel erati on(Dt Vector (1.0, 1.0, 0.0));

/'l Topographic Euler angles - heading, pitch and roll

topoVi ew. set Ori entation(Dt Tai t Bryan(0. 0, Dt Deg2Rad(10.0), 0.0);
/1 Rotational velocity is always in body coordi nates

topoVi ew. set Rot ati onal Vel ocity(DtVector(0.0, 0.10, -0.125);

Going the other way, we see how a DtTopoView is used to inspect a remote entity’s data
in topographic coordinates:

Dt Refl ectedEntityList rel(...);

Dt Refl ectedEntity* ent = rel.first();
DtEntityStateRepository* esr = ent->entityStateRep();
Dt TopoVi ew t opoVi ew( esr, Dt Deg2Rad(36.0), DtDeg2Rad(-121.0));

We can now use DtTopoView’s inspectors to get positions and orientations specified
with respect to the topographic coordinate system.

/1 Topographi ¢ coordi nates

Dt Vect or topoLoc = topoView. | ocation();

Dt Vect or topoVel = topoView velocity();

Dt Vect or topoAccel = topoView. accel eration();

/'l Topographic Euler angles - heading, pitch and roll
Dt Tai t Bryan topoOrient = topoView orientation();

/1 O choose a matrix representation of orientation
Dt Dcm bodyToLocal = topoVi ew. bodyToLocal ();

/1 Rotational velocity is always in body coordi nates
Dt Vect or angVel = topoView. rotational Velocity();
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5.9.2.

5.9.3.

UTM Coordinate Views

DtUtmView is a View that allows you to work in UTM coordinates. Its constructor
takes only a DtEntityStateRepository, but relies on the fact that you've already initialized
VR-Link's UTM coordinate system using DtUtmInit. (See “Coordinate Conversions,”
on page 9-7). Once you've chosen a particular UTM coordinate system in this way, you
can use the inspectors and mutators like you do with DtTopoView.

Locations and their derivatives are in UTM coordinates, and are expressed as DtUtm-
Coords, defined in utmCoord.h. UTM orientations are treated in the same way as topo-
graphic orientations. The three Euler angles represent heading, pitch and roll, while
bodyToLocal() returns a rotation matrix that can rotate a vector from the body frame to
a topographic frame centered at the entity’s current location. As always, rotational
velocity is represented in body coordinates.

Cartesian Coordinate Views

DtCartesianView allows the creation of a view defined by any Cartesian coordinate
system. Along with a DtEntityStateRepository, its constructor takes a DtVector indicating
the origin of the new system, expressed in geocentric coordinates, and a DtDcm repre-
senting a rotation matrix that can rotate a vector from the geocentric frame to the frame
we are defining.

Alternatively, you can use the constructor that takes only a DtEntityStateRepository, and
initialize the View by passing the two parameters to the setOffset() and setRotation()
member functions.

Since DtTopoView, inherits its inspectors and mutators from DtCartesianView, the
descriptions of these functions in “Topographic Coordinate Views,” on page 5-38
applies here, except that Euler angles do not correspond to heading, pitch and roll,
when expressed with respect to an arbitrary Cartesian system.
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5.10. Articulated Parts

5.10.1.

5-40

DIS and DIS-based FOMs like the RPR FOM define articulated parts as movable
parts of an entity, such as a turret, gun, or landing gear. The state of an entity’s articu-
lated parts is part of an entity’s state, and is accessible through a DtEntityStateRepository.

A DtEntityStateRepository uses a DtArtPartList, defined in artPartList.h, to store the
articulated parts portion of its state. You can obtain a pointer to a DtEntityStateReposi-
tory’s DtArtPartList with its artPartList() member function.

Inspecting Articulated Parts Data

DtArtPartList provides many inspector functions for examining the state of an entity’s
articulated parts. The numArtParts() member function returns the number of articu-
lated parts the entity has. For example, if a tank had a turret and a gun, numArtParts()
returns 2. The numArtParams() member function returns the number of articulation
parameters the entity is using to convey articulated parts information to the exercise.
For example, if the tank is publishing information on its turret’s azimuth and azimuth
rate, as well as its gun’s elevation, numArtParams() returns 3.

DtArtPartList::getArtParamVal() allows you to query the list for the value of a partic-
ular articulation parameter. The part type should be a member of the DtArtPartType
enumeration, while the parameter type should be a member of the DtArtParamType
enumeration, both defined in disEnums.h. The val argument is the variable you would
like filled with the value being inspected, passed by reference. The function returns
DtTrue if successful, and DtFalse if the part-type/param-type combination is not valid
for the entity.

If a rate for the parameter in question has been included in the parameter list for the
entity, the value returned is dead-reckoned to the current value of VR-Link simulation
time. See “Disabling Dead-Reckoning,” on page 5-41.

For example, here’s how to inspect the value of the turret azimuth of a particular entity:

Dt Ref | ectedEntityList rel(...);

Dt Refl ectedEntity* firstEnt = rel.first();

Dt EntityStateRepository* esr = firstEnt->entityStateRep();

DtArtPartList* artParts = esr->artPartsList();

float turAz = 0.0;

if (artParts->getArtParanval (DtPrimaryTurretl, DtApAzinmuth,
turAz) !'= Dt True)

{

}

To obtain more detailed information about articulated parts, including obtaining non-
dead-reckoned values, you must look at the individual DtArtPart objects that a DtArt-
PartList uses to represent individual parts. DtArtPart is defined in artPart.h.

printf("Entity has no turret azinmuth.\n");

MAK Technologies



The Protocol-Independent Interface — Inspecting Articulated Parts Data

The DtArtPart Class

You can obtain a pointer to a particular DtArtPart by part type or by index (in the range
of 1 to numArtParts), through the DtArtPartList functions artPartFromPartType() or
artPartFromPartNum(). Both return NULL if there is no part identified by the given
part type or part number.

You can iterate through the list of DtArtParts as follows:

Dt ArtPartList *parts = ...;
for (int i =1; DiArtPart* part =
parts->artPart FromPart Nun(i); i++)

A DtArtPart’s part type (a member of the DtArtPartType enumeration) and part
number (its index in a part list) can be obtained with partType() and partNum().
partAttachedTo() returns the type of the part to which the current part is attached. For
example, a gun is often attached to a turret, whereas a turret is usually attached to the
base entity (indicated by a return value of DtAttachedToBase).

The number of parameters used for this part is found using numParams(), while
firstValidParamType() and nextValidParamType() are used to iterate through the set of
parameters as follows:

DtArtPart* part = ...,

for (int param = part->firstValidParanmlype();
par an
param = part->next Val i dPar amlype( param);

DtArtPart::getVal() lets you inspect the value of a parameter by parameter type, filling
in a variable passed by reference, and returning DtFalse if the parameter is not valid for
the part. DtArtPart::val() doesn't do the validity checking, so should be called only
when you know the parameter is valid.

Disabling Dead-Reckoning

By default, values returned by these functions are dead-reckoned to the current time if

the parameter’s rate is also a valid parameter for the part. However, dead-reckoning can

be disabled using the setApproximating() member function, passing DtFalse as an argu-
ment.

If, rather than inspect individual parameters, you would like to obtain the state of the
part as a whole, expressed as a vector of X, Y, and Z translations, or as a set of three
angles representing azimuth, elevation, and rotation, then use the functions transla-
tions() and angles().

Both DtArtPart and DtArtPartList have print() functions that print their data in human
readable form.
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5.10.2. Setting Articulated Parts Data

To set articulated parts data:

1. Use DtEntityStateRepository’s artPartList() function to access a pointer to a DtEnti-
tyPublisher’s DtEntityStateRepository’s articulated part list.

2. Use DtArtPartList and DtArtPart mutator functions to set current data for an entity
you are simulating.

A DtArtPartList is initialized with the function init(), which takes an array of
DtArtPartSpecs, or articulated part specifications. Before you try to set values
for any of the parameters, you must call init() to indicate what parts and
parameters are valid for the entity.

A DtArtPartSpec has the following definition, which is in apSpec.h:

typedef struct DtArtPart Spec

{

int partType;

int attachedType;

int parans[ Dt MAX_PARAMS_PER PART] ;
} DtArtPart Spec;

where:
«+ partType should be a member of the DtArtPartType enumeration found in
disEnums.h, and should specify the type of the part.

«+ attachedType is the partType of the part to which the articulated part is attached. If
the part is attached to the base entity, rather than to another part, the attached type
should be DtAttachedToBase. Figure 5-1 illustrates the relationship of partType and
attachedType for an articulated part. It corresponds to the example on page 5-43.

+ params is a zero-terminated array indicating which parameters will be used to
communicate information about this part to the exercise. Elements of the array
should be members of the DtArtParamType enumeration.

The array should have:

+ One DtArtPartSpec for each of the entity’s articulated parts for which you will be
communicating information to the exercise

+ A terminating DtArtSpec that has a part type of zero.
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attachedType=DtAttachedToBase

partType=DtPrimaryGun1 )
(attachedType=DtPrimaryTurreﬂ W r partType=DtPrimaryTurret!

Base entity (hull)

Figure 5-1. lllustration of partType and attachedType

The following example shows how to statically create an array of DtArtPartSpecs for an
entity with a turret and a gun, and use it to initialize a DtArtPartList. We will use two
parameters (azimuth and azimuth rate) for the turret, and one parameter (elevation) for
the gun. Note the use of the DtNullArtPartSpec macro to create the terminating NULL
DtArtPartSpec.

Dt Art Part Spec* specList =
{
{
Dt PrimaryTurret1,
Dt At t achedToBase,
{ Dt ApAzi mut h, Dt ApAzi nmut hRate, 0}

Dt Pri maryGunl,
Dt PrimaryTurretl,
{ Dt ApEl evation, 0}
I
{
Dt Nul | Art Part Spec
}
}s
Dt EntityPublisher entityPub(...);
DtEntityStateRepository* esr = entityPub.entityStateRep();
DtArtPartList* artParts = esr->artPartList();
artParts->init(specList);

An equivalent way to initialize a DtEntityStateRepository’s articulated parts is to pass the
array of DtArtPartSpecs to DtEntityStateRepository::initArtParts().

Once the DtArtPartList is initialized you can use its setArtParamVal() member function
to set values for the parameters. This function works like its complementary inspector
artParamVal():

art Parts->set Art ParanVal (Dt Pri maryTurret1, Dt ApAzi m uth,
Dt Deg2Rad(90.0)) ;
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Alternatively, you can obtain a pointer to an individual DtArtPart, and use the setVal()
function:

DtArtPart* turret = artParts->artPartFronPart Type(DtPrimaryTurretl);
if (turret)
{
turret->setVal (Dt ApAzi mut h, Dt Deg2Rad(90.0));
}

If you want to change the set of parts or parameters used for the entity, call init() again
with a new array of DtArtPartSpecs.

5.11. Attached Parts

5-44

An attached part is an entity that is attached to another entity. For example, a missile
could be attached to a launcher. DtEntityStateRepository has a member function,
attPartList(), that returns a pointer to a protocol-independent DtAttachedPartList
(defined in attPartList.h.) You can use DtAttachedPartList’s inspectors to find out the
current state of a reflected entity’s attached parts. You can use its mutators to set the
state of a locally simulated entity’s attached parts.

For example,

/1 Create the publisher, and get its ESR s attached parts |ist
Dt EntityPublisher pub(...);

Dt EntitySt at eRepository* esr = pub.esr();

Dt AttachedPartList* attlList = esr->attPartList();

/1 Add a single attached part, a sidew nder mssile attached to

/] station nunber 15. (Station nunbers are nodel -specific).
attList->set NumAttachedParts(1);

attList->setStati onNunber (0, 15);
attList->setEntityTypeAtStation(15, DtEntityType(2:1:225:1:1:0:0));
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5.12. Controlling MAK Products Remotely

VR-Link has two sets of classes that allow you to control other MAK applications. View
Control messages allow you to control the view state of the MAK Stealth. Logger
Control messages allow you to control the behavior of the MAK Logger.

5.12.1. Controlling the MAK Stealth

DIS only

HLA only

You can control the view state of the MAK Stealth with View Control Interactions in
HLA and View Control PDUs in DIS. For example, use DtMimicVCPdu to instruct
the Stealth to change its view state to mimic mode.

For DIS, VR-Link defines 10 types of View Control PDUs that the MAK Stealth
accepts - one each for nine of its View Modes, and one to indicate a change of attached
entity or view group without setting the current mode. (Each view mode requires
different parameters to describe the view state).

The View Control PDU classes are all derived from DtViewControlPdu (defined in
vcPdu.h), which is in turn derived from DtPdu. The subclasses are:
+ DtAbsoluteVCPdu

+ DtTetherVCPdu

+ DtCompassVCPdu

+ DtMimicVCPdu

+ DtOrbitVCPdu

+ DtTrackVCPdu

+ DtTetherTrackVCPdu

+ DtMimicTrackVCPdu

+ DtGroupVCPdu

+ DtModelessVCPdu.

For HLA, we have defined an HLA interaction class in our VR-Link.fed file called
ViewControl. It contains a single parameter called ViewControlPdu. The data representa-
tion of this parameter is the same as the network representation of our DIS View
Control PDUs.

The HLA class DtViewControlInteraction (defined in hVcinter.h) represents this HLA
interaction.
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Sending View Control Messages

To send a View Control message in DIS:

1. Create and fill out an instance of the appropriate View Control PDU class.
2. Send it like any other PDU, using DtExerciseConn’s sendStamped() function.
To send a View Control message in HLA:

1. Create and fill out the View Control PDU instance just like in DIS.

2. Pass it to DtViewControllInteraction's setVcPdu() member function.

3. Send the interaction using sendStamped().

For example, to send a PDU telling the Stealth to enter absolute mode and go to the
indicated location and orientation (in geocentric coordinates):

Dt Absol ut eVcPdu vcPdu;
pdu. set Loc( Dt Vect or (- 960122. 075, 5445122. 868, 3170873.735));
pdu. setOrientation(Dt Tai tBryan(0.1, 0.2, 0.3));

#if Dt HLA

Dt Vi ewControl I nteraction inter;
inter.setVcPdu(vcPdu);

exer ci seConn. sendSt anped(inter);
#el se

exer ci seConn. sendSt anped(vcPdu) ;
#endi f

| The example uses conditional compilation.
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5.12.2. Controlling the MAK Logger

DIS only

HLA only

You can control many of the features of the MAK Logger remotely via Logger Control
Interactions in HLA and Logger Control PDUs in DIS.

For DIS, VR-Link defines 17 types of Logger Control PDUs - one for each Logger
feature that can be activated remotely. The various Logger Control PDU classes are all
derived from DtLgrControlPdu (defined in IcPdu.h), which is in turn derived from
DtPdu. The subclasses are all defined in header files that begin with “Ic”. The classes
are:

+ DtlLgrEndPdu

+ DtLgrEofActionPdu

+ DtLgrHeartbeatPdu

+ DtlLgrPausePdu

+ DtLgrPlayPdu

+ DtLgrPlayActionPdu

+ DtLgrPbFilePdu

+ DtLgrQuitPdu

+ DtLgrRecordActionPdu

+ DtLgrRecFilePdu

+ DtLgrRecordPdu

+ DtLgrSetTimePdu

+ DtLgrSkipTimePdu

+ DtlLgrStartPdu

+ DtLgrStopPdu

+ DtLgrTimeScalePdu

+ DtLgrTimeoutPdu.

For HLA, we have defined an HLA interaction class in our VR-Link.fed file called
LgrControl. It contains a single parameter called LgrControlPdu. The data representation
of this parameter is the same as the network representation of our DIS Logger Control
PDUs.

The HLA class DtLgrControlInteraction (defined in hLclnter.h) represents this HLA
interaction.
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Sending Logger Control Messages

To send a Logger Control message in DIS:

1. Create and fill out an instance of the appropriate Logger Control PDU class.
2. Send it like any other PDU, using DtExerciseConn’s sendStamped() function.
To send a Logger Control message in HLA:

1. Create and fill out the Logger Control PDU instance just like in DIS.

2. Pass it to DtLgrControlInteraction’s setLcPdu() member function.

3. Send the interaction using sendStamped().

For example, to send a PDU telling the Logger to jump to a point 10 seconds into the
current logger file:

Dt Lgr Set Ti mePdu | cPdu;
| cPdu. set Ti ne(10. 0);

#if Dt HLA

Dt LgrControl I nteraction inter;
inter.setLcPdu(l cPdu);

exer ci seConn. sendSt anped(inter);
#el se

exer ci seConn. sendSt anped(| cPdu) ;
#endi f

#endi f

| The example uses conditional compilation.
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This chapter describes VR-Link’s HLA-specific parameters and features:

Interacting Directly With The RT1.....cccoviiiieee e, 6-3
Federate-Initiated SErVICES ......cvovveiiiiiiee e 6-3
RTI-INITIAtEA SEIVICES. ... cuviviierieiiiiisie e e 6-3

Getting Information About The FOM ... 6-5

Publishing and Subscribing to FOM Classes and Attributes..............cccveve.ne. 6-6
Publishing Classes and AttrbDULES .........ccccveieeiie v 6-6
Subscribing to Classes and ALrBULES .......c.ccvevveivieiie e 6-7

Managing HLA ODjJECES.....cviiiieiie ettt 6-9
Finding out When HLA Obijects are Discovered and Removed ............ 6-10
Intercepting Reflected Attribute ValUes ...........ccoovoiiiiiiiiiririieiee 6-11
Forcing Attribute Updates..........cccviveeeie i 6-12

Using the DtINeraction Class.........c.ccevvereeieieiieieesiie e ste e 6-13
Dtlnteraction Print-Related FUNCLIONS .........ccocviiiieiir e 6-14

GENEIAl HLA ISSUBS ....c.eeeeeieeieie sttt ettt 6-15
Reflecting Locally Generated Data ...........ccoeveevveveniieeviecececece e 6-15
THME SEAMIPS .ttt 6-15
Subclassing RTL:FEATIME ....veieececec e 6-16
VR-LINK Calls t0 RTT SEIVICES ...c.vvvveeieiieiieeieiie et 6-16

FOM AGIHITY ..ottt 6-20
FOM Mapping OVEIVIEW.........coerurrieeeeiesieseeeesiesieseeseeseeseessee e seeeeas 6-20
FOM Mapping Information Required By VR-LIink’s API..................... 6-22
FOM Mapping Details..........ccoeveiereeiee e 6-23
(O |V oo o 1[0TSR 6-23
Creating Instances of DtINteraction.........cccccccveveevieeieecie e 6-26
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Attribute and Parameter Encoding and Decoding ..........ccccveevevevirenane.
Choosing A DtFOMMAPPET ....couviieiiieieeeee e

If your application is intended for both DIS and HLA, or if you plan to add
this support in the future, enclose your HLA-specific code within a
preprocessor directive pair to ensure that it will not be compiled when you
try to build for DIS:

#if DtHLA

/'l HLA-specific code
#endi f
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6.1. Interacting Directly With The RT/

6.1.2.

Although most applications based on VR-Link will never need to access the RTI
directly (VR-Link functions make the RTI calls for you), some applications will want
the flexibility of making their own calls to the RTI. Often, you will want to mix and
match, letting VR-Link handle most interaction with the RTI, while handling some of
it directly within the same application.

The RT1’s API contains two main classes: the RTlambassador and the FederateAmbas-
sador. When a DtExerciseConn is constructed, it creates instances of both of these
classes.

. Federate-Initiated Services

Federate-initiated services, such as publishObjectClass(), updateAttributeValues(), and
sendlnteraction(), are invoked by making calls to the RT1 ambassador’s member func-
tions.

A DtExerciseConn’s RT1 ambassador is available through the rtiAmb() member func-
tion. Use this object to invoke any federate-initiated RTI services. The object returned
by rtiAmb() is an instance of the class DtVrIRtiAmbassador, which serves as a wrapper
around RTI::RTlambassador. (DtVrIRtiAmbassador has the same member functions as
RTI::RTlambassador, but the functions are declared virtual, so that they can be over-
written by application code.)

For example, to call the RTI’s requestPause() service:

Dt Exer ci seConn exConn(...);

Dt Vrl Rti Anbassador* rti Amb = exConn.rti Anb();
rti Anb. request Pause(...);

See the RTI documentation provided by DMSO for information about the RT1’s func-
tions.

RTI-Initiated Services

RTl-initiated services, such as discoverObiject(), reflectAttributeValues(), and
receivelnteraction(), are invoked when the RTI calls virtual member functions of
RTI::FederateAmbassador() from within RTI::RT lambassador::tick(). Federates are
responsible for deriving a class from RTI::FederateAmbassador and providing definitions
for these pure virtual functions.

Normally, this responsibility is satisfied through VR-Link’s DtVrlFederateAmbassador
class, defined in vrlFedAmb.h. This class is derived from RTI::FederateAmbassador, and
includes definitions for all virtual functions (though some are empty definitions).
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Subclassing DtVriFederateAmbassador

For direct access to the data the RT1 provides through RTI-initiated services, you can
derive your own class from DtVrlFederateAmbassador, and implement new definitions
for the virtual functions in your subclass. In general, you should call the DtVrlFeder-

ateAmbassador versions of these functions from your versions, to insure that any VR-
Link functionality that may depend on this continues to work.

The following example shows a subclass of DtVrlFederateAmbassador’s that uses the
RTl-initiated service initiatePause. The implementation of DtVrlFederateAmbassador’s
initiatePause() member function is empty. VR-Link does not take any action by default
when this service is invoked by the RT1. In order for your application to be able to
handle this service invocation, you can provide your own definition for the initiateP-
ause() virtual function.

cl ass MyFedAnb : public Dt Vrl Feder at eAnbassador
{
public:
virtual void initiatePause(const RTI:: PauselLabel |abel)
throw (RTI:: Feder at eAl r eadyPaused,
RTI : : Federatel nternal Error);
b
voi d MyFedAnb: :initiatePause(const RTI:: PauseLabel | abel)
throw (RTI:: Feder at eAl r eadyPaused,
RTI : : Federat el nternal Error)

{

/'l Your code to handl e the pause

/1 Call superclass version in case it’'s

/1 doing anything inportant

Dt Vr | Feder at eAnrbassador: :initiatePause(l abel);
}

Telling DtExerciseConn About Your Derived Class

After you create a subclass of DtVrlFederateAmbassador, you need to tell DtExerciseConn
that it should use an instance of your class rather than the default DtVrlFederateAmbas-
sador as its federate ambassador. To tell DtExerciseConn about your subclass, use the
static member function DtExerciseConn::setFedAmbCreator(). This function expects a
DtFedAmbCreator() function as an argument — a function that returns a new instance
of a DtVrlFederateAmbassador or a subclass of it. The current DtFedAmbCreator() is
called in the DtExerciseConn constructor, so you need to call setFedAmbCreator()
before the DtExerciseConn is constructed.

A FedAmbCreator() function for our MyFedAmb class might look like this:

Dt Vr | Feder at eAnrbassador * MyFedAnbCr eat or ()
{

}

Tell the DtExerciseConn class about this function before creating a DtExerciseConn
instance as follows:

return new MyFedAmb();

Dt Exer ci seConn: : set FedAnbCr eat or (MyFedAnbCr eat or) ;
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/1 The Dt ExerciseConn we create here will use a MyFedAnb as
/1 its federate ambassador
Dt Exer ci seConn exConn(...);

A DtExerciseConn’s DtVrlFederateAmbassador is available through its fedAmb() member
function.

6.2. Getting Information About The FOM

When an HLA DtExerciseConn is constructed, VR-Link reads the appropriate FED file,
and builds a database of information about the FOM that the application code can
query. This FOM information is stored in a DtFom (defined in fom.h). You can obtain a
pointer to a DtExerciseConn's DtFom using the member function fom().

A DtFom contains a list of object class and interaction class descriptors. These descrip-
tors are represented by the VR-Link classes DtObjClassDesc (defined in objClassDesc.h)
and DtlinterClassDesc (defined in interClassDesc.h) respectively. Class descriptors contain
information about FOM classes, including:

+ Class handle and name
A pointer to the base class’s descriptor (if any)
The set of valid attributes or parameters
Whether the class has been published or subscribed
The attributes of an object class that have been published or subscribed
Whether the class and its various attributes are needed by other federates.

*

*

*

*

*

The class descriptors also allow you to subscribe and publish, if you would like to over-
ride the default way these are handled.

DtFom’s functions interClassByName(), interClassByHandle(), objClassByName() and
objClassByHandle() allow you to obtain the class descriptor for a particular class. Alter-
natively, you can iterate through all of the classes in a FOM, using DtFoms firstObj-
Class(), and nextObjClass(), or firstInterClass() and nextInterClass(). For example:

/1 Print out the nanmes of all object classes in the current fom
Dt Exer ci seConn conn(...);

Dt Fomr fom = conn. fom();
for (DtObjC assDesc* desc = fom >firstOojdass();
desc; desc = fom >next Obj Cl ass(desc))

{

printf("C assName: %\n", desc->nane());

}

DtFom has a print() member function that is similar to the example, but it prints out
more information, such as attribute and parameter names and handles.
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6.3. Publishing and Subscribing to FOM Classes and Attributes

Before they send any data, HLA federates must tell the RT1 the set of FOM classes and
the set of attributes of object classes for which it is capable of sending data. The HLA
specification refers to this initialization activity as “publishing” a class, or “publishing” a
class with a set of attributes. (Though some people refer to the act of sending interac-
tions or sending attribute value updates as publishing, that is not the meaning of the
word as defined by the RTI or HLA specification.)

Similarly, an HLA federate must indicate to the RTI the set of FOM classes and the set
of attributes of object classes for which it is interested in receiving data from other
federates. This initialization activity is called “subscribing”.

Most VR-Link applications do not need to do anything special to fulfill the publishing
and subscribing requirement; VR-Link takes care of this for you. However, if you want
to alter the set of classes or attributes that get subscribed to or published, you can do so
through VR-Link.

6.3.1. Publishing Classes and Attributes

When you create an instance of a particular kind of object publisher (for example, a
DtEntityPublisher), VR-Link determines which object class from the FOM should be
used to represent the object (typically by either using the class handle passed to the
publisher’s constructor, or by asking the FOM Mapper). Before registering the new
HLA object with the RTI, we publish the object class if the federate has not already
published the class or explicitly unpublished it. By default, the class’s full set of valid
attributes is published.

To publish only a subset of an object class's attributes, you must explicitly publish the
object class, along with the desired attribute set, before creating the object publisher.
This is done using DtObjClassDescs publish() member function. When the object
publisher is being constructed, it will see that the class has already been published, and
will refrain from performing the default publication.

Do not publish by directly using RT1 services. The RT1 API does not provide
a way to find out which classes and attributes you have published. So if you

publish directly through the RT1 API, VR-Link cannot know that you have

done so, and will perform the default publish with all attributes included.

For example, to publish only the EntityType and Position attributes of the MilitaryAir-
LandPlatform class:

Dt Exer ci seConn conn(...);

/1 Get the appropriate class descriptor fromthe DtFom using the
/1 fully qualified class nane
Dt Obj Gl assDesc* desc = conn. fon()->o0bj G assByNane(
"BaseEntity. Physical Entity.MlitaryEntity.MIlitaryPlatform"
"M litaryAirLandPl atforn');
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6.3.2.

RTI : : Obj ect d assHandl e cl assHand = desc->handl e();

/] Create the desired attribute handle set, represented by the RTI's
/1 RTI::AttributeHandl eSet cl ass
RTI:: Attribut eHandl eSet* hSet =

RTI:: Attribut eHandl eSet Factory: :create(2);
hSet - >add(conn. rti Anb() - >get Attri but eHandl e("EntityType", classHand));
hSet - >add(conn. rti Anb()->get Attri but eHandl e("Posi tion", classHand));

/1 Call the object class descriptor’s publish() function
desc->publish(*hSet);

/] Delete the set; it is no |onger needed
del ete hSet;

/1 Now create an entity publisher

Dt EntityPubl i sher pub(&onn, DtEntityType("1:2:225:1:9:0:0"));
Attribute publications apply only to the class that you specify, not to subclasses or
superclasses. So you will need to call publish() on multiple class descriptors to change
the set of attributes published for a whole portion of a class hierarchy.

Interactions work a little differently. You cannot publish only a subset of the parameters
of an interaction. You either publish an interaction class with all of its parameters, or
not at all. When you send an interaction of a particular class using DtExercise-
Conn::send() or sendStamped(), VR-Link publishes the class for you immediately
before sending if the class has not yet been published or is explicitly unpublished by
application code.

Subscribing to Classes and Attributes

Subscription to object classes normally is performed by a reflected object list’s
constructor. A particular kind of reflected object list (for example, a DtReflectedEntity-
List) determines which FOM classes it is interested in, typically by either using the class
handles passed to the constructor, or by asking the FOM Mapper. It then subscribes to
each of those classes if the federate has not already subscribed or explicitly unsubscribed
to the class.

Most reflected object lists in VR-Link take an optional handleList argument, which
allows you to specify exactly which FOM classes should be subscribed to (and managed
by the reflected object list). The handleList is a DtList of RT1::ObjectClassHandles, cast
to voi d*, (not pointers to RTI::ObjectClassHandles). If this argument to the DtRe-
flectedEntityList constructor is omitted, it gets the set of classes to subscribe to from the
FOM Mapper. (The default FOM Mapper says that BaseEntity and all of its subclasses
except AggregateEntity should be managed by DtReflectedEntityList.)

The following example demonstrates the procedure for telling a DtReflectedEntityList to
subscribe to and manage only the MilitaryAirLandPlatform and Munition FOM
classes:

Dt Exer ci seConn conn(...);

/'l Create the desired handle |ist
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Dt Li st handl eLi st ;

handl eLi st. add((voi d*) conn.rti Anb()->get Obj ect G assHandl e(
"BaseEntity. Physical Entity.MlitaryEntity.MIlitaryPlatform"
"MlitaryAirLandPlatforni));

handl eLi st. add((voi d*) conn.rti Anb()->get Obj ect O assHandl e(
"BaseEntity. Physical Entity.MlitaryEntity.Munition"));

/Il Create the reflected entity |ist

Dt Ref | ect edEnti tyLi st (&conn, &handl elList);
By default, when VVR-Link subscribes to an object class, we subscribe to all attributes of
the class. To subscribe to only a subset of an object class’s attributes, follow the proce-
dure described in “Publishing Classes and Attributes,” on page 6-6 for publishing a
subset of an object class’s attributes above, but use the DtObjClassDesc() member func-
tion subscribe() instead of publish().

Do not subscribe by directly using RT1 services. The RTI API does not
provide a way to find out which classes and attributes you have subscribed to.
If you subscribe directly through the RTI API, VR-Link will not know that
you have done so, and will perform the default subscribe with all attributes
included.

Subscription to interaction classes normally takes place when you register a callback
function with a VR-Link interaction class. That action tells VR-Link that you are inter-
ested in a certain set of interaction classes, and we pass that information on to the RTI.
Just as with publication, the RT1 API does not let you subscribe to a subset of an inter-
action’s parameters. It’s all or nothing.
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6.4. Managing HLA Objects

VR-Link uses instances of the DtHIaObject class (defined in hlaObj.h) to represent both
local and reflected HLA objects. Because most entity management functionality is
available through VR-Link’s protocol-independent layer, most applications do not need
to interact with DtHIaObijects (or even know they exist). However, there are always
DtHIaObjects behind the scenes.

On the outgoing side, a DtObjectPublisher creates and uses a DtHIaObject to help with
the sending of attribute updates. On the incoming side, VR-Link creates a DtHIaObject
instance for each object that we discover through the RTI. If the object is to be
managed by a DtReflectedObject, then that DtReflectedObject stores a pointer to its
DtHIaObject, and uses it to help manage the reception of incoming attribute updates.

Both DtReflectedObject and DtObjectPublisher have an hlaObject() member function
that returns a pointer to the DtHIaObject that it is managing.

VR-Link maintains two lists consisting of all reflected and locally simulated HLA
objects, without regard to what kind of reflected object or object publisher is being used
to manage the objects (if any). These lists are accessible through the DtReflectedHIlaOb-
jectManager and DtLocalHIaObjectManager classes (defined in refObjMgr.h and
locObjMgr.h) respectively. Instances of these two classes are created by DtExerciseConn,
and are available through DtExerciseConn's reflectedObjectManager() and localObject-
Manager() functions.

Each of these HLA object manager classes has a function called allHlaObjects(), which
returns a DtList of pointers to all current reflected or local DtHIlaObjects. The lists are
automatically updated whenever a new object is discovered or removed by a RTI-initi-
ated service invocation, or when you create a DtHIaObject to represent a locally simu-
lated object (which happens when you create a DtObjectPublisher).

For example, to print the I1Ds of all objects currently being locally simulated:

Dt Exer ci seConn exConn(...);

/] Subscribe to various object classes, process discoverObjects and
/1 reflectAttributeValues calls. (This is usually achieved sinply by
/] creating a DtRefl ectedObjectlList).

Dt Ref | ect edH aCbj ect Manager* ref Obj Mgr =
exConn. ref | ect edObj ect Manager () ;
DtList* all Objects = ref Cbj Myr->al | H aObj ects();
for (DtListltent item= allObjects->first(); item
item= item>next())
{
/1 Cast the generic void* to a DtH aObject*
DtH aCbj ect* obj = (DtH aObject*) item >data();
printf("I D %d\n", obj->objectld());
}

The HLA manager classes also allow you to look up HLA objects by ID, using their
hlaObject() member functions. These functions return NULL if no object with the
given ID exists.
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Besides the expected functions that give basic information about an HLA object
(objectld(), name(), classDesc()), DtHIaObject has additional member functions that
allow you to obtain more specialized information. Table 6-1 describes these functions.

Table 6-1: Additional DtHlaObject member functions

Function Description

attributesNeededByFederation() Returns the set of attributes of this object that
have been subscribed to by remote federates, as
told to us by the RTI.

classNeededByFederation() Tells you whether the class has been subscribed to
at all by remote federates.

requestedAttributes() Returns the set of attributes for which updates
have been requested by another federate through
the RTI, since the time that we last sent updates
for those attributes.

lastSimTimeUpdateReceived() Returns the time that the last attribute update was
received for this object, if it is a reflected object.

6.4.1. Finding out When HLA Objects are Discovered and Removed

6-10

“Learning when Entities Join or Leave An Exercise,” on page 5-27 described protocol-
independent methods of receiving notification about the discovery and removal of
reflected objects. These methods involved either registering “objectAddition” and
“objectRemoval” callbacks with a DtReflectedObjectList, or further deriving from a
subclass of DtReflectedObjectList, and providing new definitions for the “objectAdded”
and removeAndDelete() virtual functions.

Although these are the preferred methods (due to protocol-independence, and ability to
access the DtReflectedObject associated with an object), this section describes an alter-
nate method, which works at the level of DtHIaObject. By using this method, you can
be notified when any HLA object joins or leaves, rather than just one particular kind of
object (entities, for example).

When a new object is discovered, the DtExerciseConn creates a DtHIaObject to represent
it, and adds it to the DtReflectedObjectManagers list of all reflected HLA objects. It is
then passed to any “discoverObject” callback functions that have been registered with
the DtExerciseConn for the object’s class. You can register discoverObject callback func-
tions for any object class using DtExerciseConn’s addDiscoverObjectCallback() member
function. Callbacks can be unregistered using removeDiscoverObjectCallback().

If you would like to be notified when any object is discovered regardless of class, you
can pass an RT1::ObjectClassHandle of 0 to addDiscoverObjectCallback().

Callback functions that you provide should match the signature defined in dscvObjChb-
Info.h, for example:

voi d nmyDi scover Cbj ect Cb(Dt H aCbj ect* obj, void* usr);
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6.4.2.

If you would like to be notified when an object is removed, you can use DtHIaOb-
ject::addRemoveObjectCh() to register a removal callback directly with the DtHIaOb-
ject of interest. Such functions can be unregistered with removeRemoveObjectCh().

Alternatively, you can use DtExerciseConn’s addRemoveObjectCallback() and removeR-
emoveObjectCallback(), in which case you need to pass an object ID to specify which
object you are interested in.

In either case, your callback functions should match the signature defined in remObj-
Cblnfo.h. For example:

voi d myRenoveObj ect Cb(Dt H aCoj ect* obj, void* usr);

When the removeObject() service is invoked by the RTI, the corresponding DtHIaOb-
ject is removed from VR-LinK’s internal list of reflected HLA objects, passed to any call-
back functions registered on the removal of the object, then deleted.

As an example, these callback mechanisms are how DtReflectedObjectLists are notified of
the arrival and removal of reflected objects. When the reflected object list’s discoverOb-
ject() callback is invoked, it creates a new instance of the appropriate DtReflectedObject
subclass to manage the object. When its removeObject callback is invoked (reflected
object lists register one for each object as it is discovered), the DtReflectedObject is
removed from the list and deleted.

Intercepting Reflected Attribute Values

In “Notifying An Application When State Updates Arrive,” on page 5-28, we described
a protocol-independent way of being notified when an attribute update arrives for a
particular object. This was accomplished by registering a postUpdate callback with a
DtReflectedObject.

Here we describe an alternate mechanism that works at the level of DtHIaObjects. This
method is useful when there are some types of objects that are not managed by a DtRe-
flectedObjectList, or when you want to be notified when an object is updated, regardless
of what type of object it is.

In HLA, VR-Link routes attribute updates directly to the DtHIaObject whose attributes
the update describes, which may process it however it desires. (Typically, the DtHIaOb-
ject decodes the message into its DtReflectedObject’s DtStateRepository). If you would like
to be notified when an update message has been processed by a DtHIaObject, you can
register a callback function with the DtHIaObject using its addPostReflectCh() member
function. Use removePostReflectCb() to unregister the callback.

These callback functions should look like the following, as specified in objRefCbInfo.h:
voi d post Refl ect Cb(const Dt StateMsg& nsg, DtH aCbject* obj, void* usr);

Your function is called immediately after the DtHIaObject has finished processing the
message. Along with the DtHIaObject (and the usr pointer, of course), the message itself
is passed to your function.
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6.4.3.

6-12

DtStateMsg, defined in hStateMsg.h, is basically a wrapper that contains the ID of an
object whose state the message is updating, and the message itself. The information is
presented as an RTI::AttributeHandleValuePairSet, the form in which we get it from
the RTI1. These two components of a DtStateMsg are available through its objectld()
and ahvps() functions respectively.

An example of intercepting reflected attribute values is our hlaNetdump application,
which works as follows:

1. It registers a discoverObject callback with the DtExerciseConn for all objects of all
classes.

2. Within the discoverObiject callback, hlaNetdump registers a postReflect callback
with each DtHIaObiject that is discovered.

3. Within that postReflect callback, we print the contents of the message.

See ./Jexamples/test/hlaNetdump.cxx for details.

Forcing Attribute Updates

When you call a DtObjectPublisher’s tick() function, it calls down to its DtHlaObject’s
update() function, which decides which attributes need to be sent, and then sends
them.

Several factors go into the decision of which attributes need to be sent:

+ Only those attributes that are both published by us, and subscribed to by some
remote federates are eligible to be sent.

+ Of these eligible attributes, we only actually send those whose update conditions
have been met, plus any attributes for which updates have been explicitly requested
by a remote federate (as indicated by the RTI through provideAttributeUpdate()
service invocations).

If you want certain eligible attributes to be sent during the next call to a DtObjectPub-
lisher’s tick() function, even if their update conditions have not been met, and they have
not been specifically requested by a remote federate, you need to pass the desired set of
attributes to the appropriate DtObjectPublisher’s forceUpdate() member function. If
you omit the attribute set argument to forceUpdate(), then an update for all eligible
attributes is sent during the next call to tick().
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6.5. Using the Dtinteraction Class

The HLA version of the Dtinteraction class is defined in hinteraction.h. Various HLA-
specific data are available through a Dtlinteraction, much as HLA-specific object data is
available through a DtHIaObject.

Much of this data is not available (unable to be determined by a Dtlnteraction) until the
Dtlinteraction is told which FOM interaction class is being used to represent it, and
which DtExerciseConn it is associated with. For example, we cannot determine if the
Dtlinteraction's FOM interaction class has been subscribed to by remote federates unless
we know what FOM class we wish to use and which DtExerciseConn to ask for subscrip-
tion information.

Dtlinteraction has a member function called setExConn() that allows you to set the
DtExerciseConn and DtlinterClassDesc (interaction class descriptor) that are currently
associated with a particular instance. setExConn() must be called on an interaction
before many of Dtinteraction's member functions can return meaningful results. If the
class descriptor argument to setExConn() is omitted, the Dtinteraction subclass will
choose a reasonable default (see “Choosing An Interaction Class to Publish,” on

page 6-25 for details).

It is rare that application code will need to call setExConn() explicitly. VR-Link typi-
cally calls it for you. When sending a Dtinteraction, DtExerciseConn’s send() or send-
Stamped() functions call setExConn() on the Dtinteraction before trying to actually
send. That DtExerciseConn passes itself as the exConn argument, and passes NULL as the
classDesc argument, allowing the DtlInteraction to choose a FOM class to use for
sending. On the incoming side, after creating the Dtinteraction instance to represent a
received interaction, but before passing it to user callbacks, VR-Link calls setExConn()
on the interaction, passing the DtExerciseConn on which the interaction was received,
along with the interaction class of the received interaction.

Interaction classes typically store their parameter values in their own native representa-
tion, but you can obtain this data in the RTI’s representation (an RTI::ParameterHan-
dleValuePairSet) using DtInteraction::phvps(). In fact, this is what DtExerciseConn’s
send() and sendStamped() functions use to obtain the object to pass to the RTI for
sending.

A Dtlnteraction can be assigned from an RTI representation using the member function
setFromPhvps(). DtExerciseConn uses this function to initialize a DtInteraction as a
result of a receivelnteraction() RT1 service invocation.

Besides these two important functions, Table 6-2 describes functions that require that a
Dtlinteraction instance have a valid current exercise connection and class descriptor.
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Table 6-2: Additional DtInteraction functions

Function Description

interactionClassHandle() Returns the current interaction class’s handle.

interactionClassName() Returns the current interaction class’s name.

numParameters() Returns the number of parameters in the current interac-
tion class.

neededByFederation() Returns whether the class has been subscribed to by

remote federates.

6.5.1. DtiInteraction Print-Related Functions
Dtlinteraction has four different virtual printing functions. tab describes these functions.

Table 6-3: Dtinteraction print functions

Function Description

print() The standard printing function, used by VR-Link’s hlaNetdump utility.
It uses the virtual name() function to print the name of the interac-
tion, then calls printParams() and printData().

printHeader()  Prints information about the FOM class being used for the object.

printParams()  first calls printHeader(), then prints the set of parameters included in
the interaction message, along with raw parameter values if its withHex
argument is set to DtTrue.

printData() Is a pure virtual function that is implemented by derived classes to
print the specific data contained in the interaction, in the form that is
available through inspector functions.

Both printHeader() and printParams() require that the interaction have a current exer-
cise connection and class descriptor to fully do their jobs.

If you would like to print the data in a DtInteraction that you create before you send it
through a DtExerciseConn, you can explicitly call setExConn() before printing, to insure
that all data can be printed. For example:

Dt Exer ci seConn exConn(...);

DtFirelnteraction inter;
inter.setAttacker(...);

i nter.set ExConn(&exConn) ;
inter.print();
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6.6. General HLA Issues

6.6.1.

6.6.2.

The following sections discuss a variety of general HLA issues.

Reflecting Locally Generated Data

In HLA, the RTI does not reflect locally generated interactions or attribute updates
back to us. Therefore, reflected object lists typically do not contain DtReflectedObjects
representing objects that we are simulating locally. Similarly, callback functions regis-
tered on interactions will not be called for interactions that the local federate sends.

However, VR-Link has an option that causes locally generated data to be reflected back
to a sending federate, as if the RT1 was doing so. The option can be enabled using
DtExerciseConn’s setReflecting() function, passing DtTrue as an argument. To turn this
option off (the default), pass DtFalse to setReflecting(). The function DtExercise-
Conn::reflecting() tells you what the current state of this flag is.

When we are doing this kind of local reflecting, separate DtHIaObjects exist in your
federate to represent the local object and its reflected counterpart, but both will have
the same RTI::ObjectHandle and name.

This option will only work if there are other federates in the exercise that
have subscribed to your data. If not, the data will never be sent at all.

Time Stamps

You can set and inspect an HLA DtStateMsg or Dtinteraction's time stamp with the
setTimeStamp() and timeStamp() functions. These work the same way as the DIS
DtPdu's function - taking a time, and a time stamp type (either DtTimeStampRelative
or DtTimeStampAbsolute).

DtExerciseConn::sendStamped() sets the time stamp of an outgoing HLA message to
the current time, with the type returned by DtExerciseConn::timeStampType().

Consistent with the RPR FOM convention, our sending functions encode the time in
the “tag” string argument to the RTI's sendInteraction() and updateAttributeValues()
calls. The time is encoded as the 8-byte ASCII representation of the hex number that
would have been sent in a DIS time stamp.

If you do not want us to use this convention, use Dtlnteraction::setTaglsAscii-
Time(DtFalse); and DtStateMsg::setTaglsAscii Time(DtFalse). If you do this, your time
stamps will not be sent, since the RTI does not provide a mechanism for sending time
stamps along with your messages unless you are using RTI time management, which
real-time simulations typically do not do.

MAK VR-Link Developer’s Guide 6-15



The HLA-Specific Interface — Subclassing RTI.:FedTime

6.6.3.

6.6.4.

6-16

Subclassing RTI::FedTime

As per the HLA specification, RTI users can choose their own representation of federa-
tion time for use by time management services. Unfortunately, even if you are not using
RTI time-management services, (and most VR-Link-based applications do not), RTI
users must tell the RTI how they would like federation time to be represented in case
they use a time management service.

To communicate this information to the RTI, RT1 users must subclass the abstract base
class RT1::FedTime, and tell the RTI to use the subclass by providing implementations
for the functions RTI::FedTimeFactory::decode() and RTI::Fed TimeFac-
tory::makeZero(). (These functions are declared, but not defined by the RTI’s API.)

Both the DMSO RTI and MAK RTI provide a library called libfedtime.so (or libfed-
time.dIl) that satisfies this RT1 requirement. However, to avoid forcing all applications
to link with this extra library, and to satisfy cases where RTI implementations do not
come with sample libfedtime libraries, we have provided an RT1::FedTime subclass,
and definitions to the required functions, within VR-Link. The subclass is called DtVrl-
FedTime, and is defined in vriFedTime.h.

In UNIX releases, this class is part of the libvIRPR library. However, on PCs, the RTI
requires that RT1::FedTime subclass implementations be provided in DLLs, and not in
archives. So on PCs, the DtVrlFedTime class is contained in a separate VR-Link library
called vrIFedTimeMD.dll, rather than in libvIRPR.

VR-Link Calls to RTI Services

This section lists the RT1 services that may be called by VR-Link.

Table 6-4 lists Federate-initiated services that may be called by VR-Link. Table 6-5 lists
RTI-initiated services for which VR-Link provides non-NULL definitions.

Table 6-4: Federate-initiated service called by VR-Link (Page 1 of 3)

RTI Service How it is invoked

createFederationExecution Invoked from within DtExerciseConn
constructor.

destroyFederationExecution Invoked from within DtExerciseConn destructor,

if the DtExerciseConn's destroyFedExec flag is
true (the default).

joinFederationExecution Invoked from within DtExerciseConn
constructor.

resignFederationExecution Invoked from within DtExerciseConn destructor.

publishinteractionClass Invoked from within DtExerciseConn's send or

sendStamped whenever it is called with an
interaction whose class has not been published
yet.
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Table 6-4: Federate-initiated service called by VR-Link (Page 2 of 3)

RTI Service

How it is invoked

publishObjectClass

subscribelnteractionClass

subscribeObjectClassAttributes

unsubscribelnteractionClass

unsubscribeObjectClass

deleteObjectinstance

localDeleteObjectinstance

registerObjectinstance

requestClassAttributeValueUpdate

requestObjectAttributeValueUpdate

sendlInteraction

Invoked from within DtEntityPublisher's (or any
other object publisher's) constructor if its object
class has not already been published.

Invoked when registering a callback function
with VR-Link on a particular interaction class
using a DtInteraction subclass's addCallback
function.

Invoked from within DtReflectedEntityList's (or
any other reflected object list's) constructor.

Called by DtObjClassDesc::deregisterinterest,
but that function is not called by other VR-Link
code. So if application code does not call it, this
service is never invoked.

Called by DtinterClassDesc::deregisterinterest,

but that function is not called by other VR-Link
code. So if application code does not call it, this
service is never invoked.

Invoked from the DtEntityPublisher's (or any
other object publisher's) destructor.

Invoked only from DtReflectedObjectList::remo-
veObject, which is not typically called by appli-
cations.

Invoked from DtEntityPublisher's (or any other
object publisher's) constructor.

Invoked from DtReflectedEntityList's (or any
other reflected object list's) constructor, if the
list's requestClassUpdate flag is true (the
default).

If DtReflectedEntityList's (or any other reflected
object list's) requestObjectUpdate flag is true
(the default) then this service is invoked shortly
after each DtReflectedEntity (or other reflected
object) is discovered and created. Since we
can't call the service from within our discover
object callback (it would be a concurrent access
violation), the service is not called until just
before DtExerciseConn::drainlnput returns.

Invoked from within DtExerciseConn's send or
sendStamped.
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Table 6-4: Federate-initiated service called by VR-Link (Page 3 of 3)

RTI Service

How it is invoked

updateAttributeValues

RTlambassador

~RTlambassador

enableAttributeRelevance
AdvisorySwitch

enableClassRelevance
AdvisorySwitch

enablelnteractionRelevance
AdvisorySwitch

tick

Invoked from within DtEntityPublisher's (or any
other object publisher's) tick function, if we
judge that data needs to be sent based on
update conditions and remote subscriptions and
requests.

DtExerciseConn's constructor constructs an RTI
ambassador.

DtExerciseConn's destructor deletes its RTI
ambassador.

Invoked by DtExerciseConn constructor.
Invoked by DtExerciseConn constructor.

Invoked by DtExerciseConn constructor.

Called from within DtExerciseConn's draininput.

Table 6-5: RTl-initiated services with non-NULL definitions (Page 1 of 2)

RTI Service

VR-Link Response

startRegistrationForObjectClass

stopRegistrationForObjectClass

turninteractionsOff

turninteractionsOn

discoverObjectinstance

provideAttributeValueUpdate

VR-Link maintains information about which object
classes are needed by the federation.

VR-Link maintains information about which object
classes are needed by the federation.

VR-Link maintains information about which inter-
action classes are needed by the federation.

VR-Link maintains information about which inter-
action classes are needed by the federation.

If any reflected object list has registered interest
in the object's class or a superclass, VR-Link
creates a new reflected object and adds it to the
list.

VR-Link notes that the attribute set has been
requested. The next time the object's publisher's
tick is called, the request attribute updates are
sent.
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Table 6-5: RTl-initiated services with non-NULL definitions (Page 2 of 2)

RTI Service

VR-Link Response

receivelnteraction

reflectAttributeValues

removeObjectinstance

turnUpdatesOffForObjectinstance

turnUpdatesOnForObjectinstance

If any user callbacks have been registered with
VR-Link for the received interaction type, those
callbacks are invoked.

The relevant reflected object's state repository is
updated based on the contents of the received
attribute update.

The relevant reflected object is removed from the
reflected object list, and deleted.

VR-Link maintains information about which
attributes are needed by the federation.

VR-Link maintains information about which
attributes are needed by the federation.

The following ancillary services are called at various points within VR-Link:

+ getAttributeHandle

+ getAttributeName

+ getinteractionClassHandle
+ getObjectClassHandle

+ getObjectinstanceName
+ getParameterHandle

+ getParameterName.
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6.7. FOM Agility

VR-Link has been designed with FOM flexibility in mind. VR-Link comes with built-
in support for different versions of the RPR FOM?, but it can be extended or config-
ured in many different ways to work with changes or extensions to the FOM, or to
work with entirely new FOM:s.

This section, along with examples in the ./examples/extend directory, explains how VR-
Link’s architecture enables FOM agility and how you can extend or configure VR-Link
for new FOM:s.

6.7.1. FOM Mapping Overview

VR-Link’s basic architecture for FOM flexibility looks like this:

Extensible FOM-independent API

FOM Mapping layer

RTI

Figure 6-1. FOM mapping architecture

The top-level FOM-independent API? allows you to set and inspect the state of local
and remote objects, and the data contained in locally generated or received interactions,
without regard to how the data is actually represented in a FOM. This top-level API
includes the object publishers, reflected objects, reflected object lists, state repositories
and interaction classes.

The FOM Mapping layer routes and converts data between the FOM-independent API
and the FOM representations you are using for a particular federation execution.

There are two broad categories of FOM modifications that developers might imple-
ment:

+ FOMs that contain only those concepts that are already present in VR-Link’s top-
level API, but which may represent the concepts differently from the way they are
represented in the VR-Link API.

+ FOMs that include concepts that are not present in VR-Link's API.

1. See the release documentation for your version of VR-Link for a list of the versions of the
RPR FOM supported.

2. The FOM-independent API is also referred to as the protocol-independent API because it
can support DIS in addition to various HLA FOM:s.
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If you are implementing FOMs that have the same concepts as the VR-Link API, you
can switch from FOM to FOM just by modifying the FOM Mapping layer, which you
can do without affecting the top-level API. This means that application code written to
the top-level API does not need to change when switching from FOM to FOM. (We
will see in “Passing the Name of A Shared Library,” on page 6-33, that because FOM
Mapping code can be loaded from shared libraries, applications do not even need to be
recompiled when switching among such FOMs.)

For example, in one FOM (such as the RPR FOM), position data may be represented
in geocentric coordinates in an attribute named “Position”. In another, it might be
represented in topographic coordinates in an attribute named “Location”. In either
case, position data is available to application code through VR-Link in the manner
dictated by its FOM-independent API - as geocentric data obtainable using DtEntity-
StateRepository’s location() member function. FOM Mapping code takes care of
converting from the various FOMS’ representations to the representation chosen by
VR-Link.

If you are using FOMs that contain concepts not found in the VR-Link API, you must
follow a two-step FOM-configuration process.

1. Extend the top-level API, by deriving new classes from our base state repository,
publisher, reflected object, or reflected object list classes to include your new
concepts. Once you have done this, your code is part of the FOM-independent
API.

2. Create mappings from arbitrary FOM representations of these concepts to your
new API extensions, just as if your extensions were part of the standard VR-Link
API. (Typically, you will choose representations for your API that closely match the
representation in a particular FOM, meaning that the mapping code will be fairly
straightforward).
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6.7.2. FOM Mapping Information Required By VR-Link’s API

The HLA implementations of the classes that make up VR-Link’s top-level API require
the following pieces of FOM Mapping information:

+ Class mappings

— Publishers need to know which FOM obiject class to choose to represent a locally
simulated object.

— Reflected object lists need to know the set of FOM classes for which they should
register discoverObject callbacks, that is, which types of objects should be
managed by the list.

— Interaction instances need to know which FOM class to use to represent them-
selves when they are being sent.

— Interaction classes need to know which FOM classes to subscribe to when their
static addCallback functions are called.

— DtExerciseConn needs to know which DtlInteraction subclass to instantiate when
an interaction of each class in the FOM is received.

+ Attribute and parameter encoding and decoding

— Publishers need to know how to decide whether each attribute needs to be sent
during a call to tick(), and how to encode values from its state repository into
outgoing attribute updates.

— Reflected objects need to know how to decode each attribute of a FOM class
into its state repository.

— Interaction instances need to know how to encode and decode each parameter.

Architecturally, it is the responsibility of the these top-level objects to choose how they
obtain this FOM mapping information. For example, a particular subclass of DtiInterac-
tion might hard-code the name of the FOM class it should be associated with, or it
might check some global variable.

However, all of the FOM-independent classes in VR-Link get their FOM mapping
information from a central place called a DtFomMapper. (Actually, many of these classes
allow application code to override the FOM mapper’s choice, but asking the FOM
mapper is the default behavior.)

The FOM mapper that these top-level objects use, is obtained from their DtExercise-
Conn, through DtExerciseConn’s fomMapper() member function. DtExerciseConn
creates, or is passed, a DtFomMapper on construction. See “Choosing A DtFom-
Mapper,” on page 6-32 for details.
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FOM Mapping Details

A DtFomMapper (defined in fomMapper.h) is a central repository for FOM mapping
information. Top-level API classes call DtFomMapper functions to obtain FOM
mapping information. For example, to find out which FOM object class to use to
represent an object being managed by a particular type of DtObjectPublisher, the
publisher calls DtFomMapper’s chooseObjectClass() member function.

To set or change a FOM Mapper’s mappings, use DtFomMapper’s mutator functions to
configure a FOM Mapper so that its functions return the data you want.

For example, you can use DtFomMapper’s setObjectClassToChoose() to set up a
mapping between a particular subclass of DtObjectPublisher and a particular FOM
object class.

In order to have VR-Link use new FOM mappings that you provide, you can either
allow the DtExerciseConn to create its DtFomMapper, then add your own mappings to
this FOM mapper later, or you can create your own instance of a DtFomMapper, and
tell the DtExerciseConn to use it. See “Choosing A DtFomMapper,” on page 6-32 for
more details. The following sections describe how a FOM mapper is configured,
regardless of whether you choose to do it before or after DtExerciseConn construction.

Class Mappings

As described in “FOM Mapping Information Required By VR-Link’s API,” on

page 6-22, a FOM mapper contains class mapping information as well as attribute and
parameter encoding and decoding information. This section describes how to set up a
FOM mapper’s class mappings.

Choosing An Object Class to Publish

A DtObjectPublisher asks the FOM mapper for the name of the FOM object class to use
to represent its locally simulated object by calling chooseObjectClass(). The publisher
passes the name of its own VR-Link C++ publisher class, for example, DtEntityPublisher
or DtAggregatePublisher.

When configuring a FOM mapper, you can dictate what FOM class chooseObiject-
Class() will return in one of two ways:

+ Map asingle class to a publisher

+ Map multiple classes to a publisher

Mapping A Single FOM Class to A Publisher

If one FOM class should always be chosen for a particular kind of publisher, create this
association using DtFomMapper’s setObjectClassToChoose(). For example, in the RPR
FOM, DtAggregatePublishers should always use the FOM class BaseEntity.AggregateEn-
tity:
f omVapper - >set Obj ect G assToChoose( " Dt Aggr egat ePubl i sher ",
"BaseEntity. AggregateEntity");
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Mapping Multiple FOM Classes to A Publisher

It might be possible to map several FOM classes to a publisher. In these cases, some
instance-specific data might be necessary in order to make a choice. In this case, you
can associate a class choosing function with the name of a VR-Link class, rather than
just a single object class, using setObjectClassChooser().

A class choosing function looks like this:

char* nyd assChooser (const char* vrlinkC assNanme, Dt ExerciseConn* conn,
voi d* usr);
You can associate a class choosing function with a VR-Link publisher class name as
follows:

f omVlapper - >set Obj ect G assChooser ("Dt Enti tyPubl i sher", nyCl assChooser);

The VR-Link class may pass instance-specific data as the usr argument to chooseOb-
jectClass(), and this data will be passed to your chooser function as usr. For example,
DtEntityPublisher passes a pointer to the entity’s DtEntity Type, and in the RPR FOM
mapper, our class chooser function picks a FOM class based on the entity type.

Subscribing to Object Classes

A DtReflectedObjectList asks the FOM mapper for the names of the FOM classes to
subscribe to and manage, by calling objectClassNames(). Besides subscribing to the
returned classes, the reflected object list registers discoverObjectInstance callbacks with
lower layers of VR-Link for these classes, so that it can be made aware of new instances,
and can create DtReflectedObject instances to represent them. The reflected object list
passes the name of its own VR-Link C++ class, for example, DtReflectedEntityList.

When configuring a FOM mapper, you can specify which FOM classes objectClass-
Names() returns in one of two ways:

+ If a particular DtReflectedObjectList subclass should manage only a single FOM
class, create this association using setObjectClass(). For example:

f omvapper - >set Obj ect Cl ass(" Dt Ref | ect edAggr egat eLi st
"BaseEntity. AggregateEntity");

+ If you want a particular kind of list to manage more than one FOM object class,
use setObjectClassNames() to pass a DtList of names of FOM classes. For example:

DtList entityd asses;
entityC asses. add(" BaseEntity");
entityC asses. add(" Physi cal Entity");

f omvapper - >set Obj ect Cl asses(" Dt Refl ectedEntityList", entityC asses);
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Choosing An Interaction Class to Publish

Choosing an interaction class works very similarly to choosing an object class. When
you call setExConn() on an interaction (DtExerciseConn’s send() and sendStamped()
call this function), the Dtlinteraction instance asks the FOM mapper for the name of a
FOM class to use to represent the interaction using chooselnteractionClass(). The
interaction instance passes a reference to itself. Based on the name of the VR-Link C++
interaction class (which can be obtained from an interaction instance using its name()
function) the FOM mapper must choose an appropriate FOM class to use.

As with objects, you can specify which FOM class chooselnteractionClass() returns in
one of two ways:

+ If one single FOM class should always be chosen for a particular kind of Dtinterac-
tion, create this association using DtFomMapper’s setinteractionClassToChoose().
For example, in the RPR FOM, DtFirelnteractions should always use the FOM
class WeaponFire:

f omVapper - >set I nteracti onCl assToChoose("Dt Fi rel nteraction",
"WeaponFire");

+ When more than one mapping is possible for a single kind of DtInteraction, asso-
ciate an interaction class chooser function with the VR-Link class name using
setInteractionClassChooser(). Choosers look like this:

char* myChooser (Dt Exer ci seConn* exConn, const Dtlnteraction& inter);
and are registered like this:
f omvapper - >set | nteracti onCl assChooser ("Dt Firel nteraction", myChooser);

The actual interaction for which a choice is being requested is passed to your
chooser, in case any instance-specific data is needed to make the choice.

Subscribing to Interaction Classes

When you call the static addCallback() function on a particular Dtinteraction subclass,
you are saying that you are interested in interactions of that type. The Dtinteraction
subclass maps that request to subscriptions to FOM classes. It obtains the set of FOM
classes to subscribe to from the FOM mapper using its interactionClasses() member
function.

You can determine what this function will return using setInteractionClass() or setint-
eractionClasses(). Use setinteractionClass() to map to a single FOM class:

f omVapper - >set I nteractionCl ass("DtFirel nteraction", "WaponFire");
and setinteractionClasses() for multiple FOM classes:

Dt Li st cl assNanes;
cl assNanes. add( Radi 0Si gnal . Appl i cati onSpecific");
cl assNanes. add( Radi oSi gnal . EncodedAudi 0") ;

f omvapper - >set | nt eracti onC asses(cl assNanes) ;
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Creating Instances of Dt/nteraction

For interactions, the final class mapping component is the mapping between FOM
classes and functions that create instances of the appropriate Dtinteraction subclasses.
DtFomMapper uses a DtinteractionFactory (defined in hinterFactory.h) to manage this
kind of mapping.

When an interaction is received from the RTI, the DtExerciseConn asks the FOM
mapper’s DtinteractionFactory to create an instance of the appropriate kind of Dtinterac-
tion subclass, using its createlnteraction() function. The FOM mapper’s interaction
factory is obtained using DtFomMapper’s interactionFactory() function.

You can add or change an interaction factory’s mappings using its addCreator() func-
tion, passing a FOM class name and an interaction creation function such as a Dtinter-
action subclass’s static create() function. For example, when we receive an interaction of
FOM class WeaponFire, we want to create an instance of DtFirelnteraction:

f omVlapper () - >i nteracti onFactory() - >addCr eat or (" WeaponFire",
DtFirelnteraction::create);

You can replace a DtFomMapper’s interaction factory with a new one using its setinter-
actionFactory() member. For example, you might want to create a subclass of DtlInterac-
tionFactory for your FOM that registers all of the desired creators from within its
constructor. You would then create an instance of this DtlnteractionFactory subclass,
and instruct the FOM mapper to use it as its interaction factory.

No analogous mapping step is required for objects, since instances of appropriate DtRe-
flectedObject subclasses are created not by a central class like DtExerciseConn, as interac-
tions are, but rather by DtReflectedObjectList subclasses. And each DtReflectedObjectList
knows what kind of DtReflectedObject subclass to instantiate.

Attribute and Parameter Encoding and Decoding

Besides the class mappings described in “Class Mappings,” on page 6-23, a DtFom-
Mapper also contains information about how to encode and decode individual
attributes and parameters, that is how to go between an RT1 message in FOM represen-
tation, and VR-Link’s DtStateRepositories and Dtinteractions. This section describes how
to configure that aspect of a FOM mapper.

Here's an overview of the classes we will be discussing, and how they fit together:
Encoders and decoders are tables of encoding and decoding functions - one for each
attribute. Encoder factories and decoder factories are tables of encoders and decoders -
one for each object or interaction class. A DtFomMapper has an encoder factory and a
decoder factory for both objects and interactions. Top-level VR-Link classes request
encoders and decoders from a FOM mapper’s encoder and decoder factories, and use
those encoders and decoders to generate or decode RTI representations of state updates
or interactions.
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You can change the way that attributes or parameters are encoded or decoded, or
provide methods for encoding or decoding new attributes or parameters, by adding
your own functions to the encoders’ and decoders’ tables. You can get a pointer to the
encoder or decoder you want to change from the appropriate factory. To add whole new
FOM classes, you can create new encoders and decoders and add them to the factories’
tables.

Encoders and Decoders

At the heart of VR-Link's FOM Mapping functionality are our encoder and decoder
classes:

DtHlaStateEncoder (hStateEncoder.h)

DtHlaStateDecoder (hStateDecoder.h)

DtlinteractionEncoder (interEncoder.h)

DtlinteractionDecoder (interDecoder.h)

+ And their subclasses.

*

*

*

*

A DtReflectedObject uses a state decoder’s decode() function to unpack data that arrives
in incoming state updates or interactions (which are represented as dictated by the
FOM), convert it to the representation expected by the top-level API (mutator func-
tions in state repositories), and pass the converted data to those mutator functions.

Similarly, a Dtinteraction uses an interaction decoder’s decode() function to unpack the
data contained in an interaction message received from the RTI, convert, and pass that
data to the Dtinteraction subclass instance’s appropriate mutator functions.

DtObijectPublisher’s tick() function uses a state encoder’s encode() function to decide
which attributes need to be sent at the present time, and to generate an update for those
attributes. The encoder evaluates update conditions, and generates outgoing update
message by obtaining data from the publisher's state repository using its inspector func-
tions, converting to the representations dictated by the FOM, and adding these values
to an outgoing message for sending through the RTI.

Similarly, a Dtinteraction uses an interaction encoder’s encode() function during
sending, to convert values obtained from inspector functions to outgoing interaction
messages that can be sent through the RTI.

VR-Link’s encoder and decoder classes implement an efficient, table-driven approach to
attribute encoding and decoding. You are free to subclass encoders and decoders and to
override the encode() and decode() functions, but this is rarely necessary. Usually, you
will just configure encoders and decoders, adding individual attribute or parameter
encoding or decoding functions to their tables.
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Functions for Encoding and Decoding

A decoder is implemented as a table of decoding functions, one per FOM attribute or
parameter. Each function is responsible for decoding the attribute or parameter it has
been associated with. Similarly, an encoder contains a table of encoding functions. For
objects, an encoder contains an additional table of checking functions - functions that
evaluate the update conditions for individual attributes, indicating whether the
attribute currently needs to be sent to the exercise.

Encoders and decoders have addEncoder() and addDecoder() functions, and DtHla-
StateEncoder has an additional addChecker() function, that allow you to register your
own encoding, decoding, and checking functions for a particular attribute or parameter
with an encoder or decoder. These add functions return the function that had previ-
ously been registered for the attribute or parameter, if any. The add functions create
associations only for attributes or parameters of a single FOM class. If you would like a
function to be applied to an attribute or parameter of a class and all of its subclasses,
you can call addEncoder(), addDecoder() and addChecker() on multiple encoder or
decoder objects, or use the more convenient multi-class registration functions in the
encoder or decoder factory classes. See “Encoder and Decoder Factories,” on page 6-31
for details.

We now describe the form and function of encoding, decoding, and checking func-
tions.

Decoding Interactions

DtlinteractionDecoder’s decode() function takes an RTI representation of an interaction
message (an RTI::ParameterHandleValuePairSet, or PHVPS), and a pointer to a Dtint-
eraction object to fill out based on the RTI data. It goes through the parameters in the
PHVPS, and for each, calls the parameter decoding function that has been associated
with the parameter.

Below is an example of the parameter decoding function used for decoding the
“RateOfFire” attribute of the WeaponFire RPR FOM class into a DtFirelnteraction. The
general decode() function passes it a pointer to the interaction, the PHVPS containing
the parameter values, and the index into the set of the parameters this decoding func-
tion should be decoding. Within the function, we pull out the index'th value, convert it
to the representation expected by the appropriate DtFirelnteraction mutator function
(in this case, setRate()), and pass it to that mutator function. In this case, the conver-
sion is fairly trivial - from a short to an int. In addition, when VR-Link’s “Net” types
are used byte swapping occurs when converting to a native type if necessary:

voi d decodeRateOf Fire(DtFirelnteraction* inter,

const RTI:: Par anmet er Handl eVal uePai r Set & pvli st,
int index)

RTIl:: ULong length = O;

Dt Net UL6* netVal = (Dt NetUl6*) parans. get Val uePoi nter(index, |ength);
int nativevVal = (DtU16) *netVal;

inter->setRate(nativeVval);
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Decoding Object State Updates

On the object side, DtHIlaStateDecoder’s decode() function takes a DtStateMsg (a VR-
Link wrapper around an RTI::AttributeHandleValuePairSet, or AHVPS), and a pointer
to a DtStateRepository to decoder the message into. It walks the list of attributes in the
message, and calls the attribute decoding function that has been associated with each.

Here’s an example of a decoding function for an attribute. It's a function we might use
for decoding the Position attribute of the BaseEntity RPR FOM object class into a DtEn-
tityStateRepository. Again, index indicates which attribute in the set to decode. Here, the
conversion from FOM representation to VR-Link representation looks trivial, since a
DtNet64Vector can be implicitly converted to a DtVector. Clearly, more complex conver-
sions, such as coordinate conversions, could be added if a FOM so dictates.

voi d decodePosition(

Dt EntitySt at eReposi tory* st at eRep,

const RTI::AttributeHandl eVal uePairSet& attrs,
i nt index)

RTI::ULong length = 0;

Dt Net 64Vect or* netVal = (Dt Net 64Vect or*)
attrs. get Val uePoi nter (i ndex, |ength);

st at eRep- >set Locati on( (Dt Vector) *netVal);

}

Encoding Interactions

Encoders work like decoders, but in reverse. DtinteractionEncoder’s encode() function
takes a DtInteraction instance containing interaction data, and a PHVPS to fill out with
the FOM representation of this data. For each parameter in the Dtinteraction’s FOM
interaction class, encode() calls the encoding function that has been registered with the
encoder for that parameter. Parameter encoding functions look like the following
example. The paramHandle argument indicates the handle (not index) of the parameter
to encode. Again, the byte swapping occurs if necessary when converting from an int to
a DtNetU16.

voi d encodeRat e Fi re(
const DtFirelnteracti on& inter,
RTI : : Par anet er Handl eVal uePai r Set * par ans,
RTI : : Par armet er Handl e par anHandl e)

Dt Net UL6 netVal = (DtNetUl6) inter.rate();
par ans- >add( par anHandl e, (char*) &netVal, sizeof (Dt NetU16));
}

Encoding Objects

Encoding objects is a little bit more complicated than encoding interactions, because
the encoder has to first decide which attributes currently need to be sent, and then
encode those attributes. A DtHIaStateEncoder contains both a table of encoding func-
tions and a table of checking functions that determine whether an attribute needs to be
sent now, based on current values, and values sent in previous updates. Update condi-
tions are specified in a FOM. For example, many attributes have an update condition of
ON_CHANGE, meaning that they need to be sent every time their value changes.
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When a publisher’s tick function calls a DtHIaStateEncoder’s encode() function, it passes
five arguments:

+ A DtStateRepository containing the current state of the object to be encoded.

+ Asecond DtStateRepository containing the state of the object as it would be seen by
remote federates based on attribute updates that we have already sent. This state
repository is maintained by the publisher by using a decoder to decode updates that
it sends into its as-seen-by-remote state repository after it sends them.

+ The set of attributes that are currently subscribed to by remote federates.

+ The set of attributes that should be sent now, even if their update conditions have
not been met. This includes any attributes that have been specifically requested by
a remote federate through a requestAttributeUpdate RTI service invocation, and
any attributes for which the user has called DtObjectPublisher::forceUpdate().

+ A pointer to the DtStateMessage (wrapper around AHVPS) to fill out.

For each published attribute of the FOM class, encode() determines whether the
attribute needs to be included in the update message or not. This may require calling
the checker function that has been registered for the attribute. If the attribute does need
to be sent, encode() calls the encoding function that has been registered for the
attribute to encode it.

Encoding functions look similar to interaction encoding functions described previously.
They take the state repository containing current state, the AHVPS to encode into, and
the attribute handle of the attribute to be encoded.

voi d encodePosi ti on(
const DtEntityStateRepository& stateRep,
RTI : : Attribut eHandl eVal uePai r Set * avlLi st,
RTI:: Attri buteHandl e attrHandl e)

Dt Net 64Vect or netVal = (Dt Net64Vector) stateRep.location();
avlLi st->add(attrHandl e, (char *) &netVal, sizeof (DtNet64Vector));
}

Checking functions take two state repositories as arguments: one holding the current
state of the object, and one holding the state of the object as it would be seen by remote
federates based on updates that we have sent. (The publisher decodes its outgoing
updates into this as-seen-by-remote state repository in order to keep it up to date).
Many checking functions usually need to compare the current value to the as-seen-by-
remote value to determine whether an attribute needs to be sent. Here’s an example of a
checker used for the DamageState attribute of the PhysicalEntity RPR FOM class. It
returns true if the value has changed since it was last sent:

Dt Bool ean needDanageSt at e(

const DtEntityStateRepository& stateRep,

const DtEntityStateRepository& asSeenByRenot e)
{

return (stateRep.damageState() != asSeenByRenpte.danageState()) ?
Dt True : DtFal se;
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Encoder and Decoder Factories

When a publisher, reflected object, or incoming interaction is created, or when an
outgoing interaction is sent, it obtains from the FOM mapper an instance of an
encoder and/or decoder that has been configured for use with its FOM class. These are
the instances that they will later use to perform the encoding and decoding of FOM
data.

DtFomMapper uses four factory classes to help with the job of returning appropriate
encoders and decoders:

+ DtStateDecoderFactory (decFactory.h)
+ DtStateEncoderFactory (encFactory.h)
+ DtlinteractionDecoderFactory (intDecFact.h)
+ DtlinteractionEncoderFactory (intEncFact.h).

Pointers to a DtFomMapper’s various encoder and decoder factories can be obtained
using the following member functions:

+ stateDecoderFactory()
+ stateEncoderFactory()
« interactionDecoderFactory()
+ interactionEncoderFactory().

These factories have addEncoder() or addDecoder() functions that allow you to asso-

ciate a properly configured instance of an encoder or decoder with each FOM object or
interaction class. When a publisher, reflected object, or interaction needs an instance of
an encoder or decoder for its FOM class, it requests one by calling a factory’s createEn-
coder() or createDecoder(). These functions return a new’ed encoder or decoder that is
a clone of the instance you have associated with the class using addEncoder() or addDe-
coder(). Clones are created using their the encoder or decoder’s virtual clone() function.

The factory classes also have encoder() and decoder() functions that return pointers to
the encoder or decoder that is currently registered for a particular FOM class. The
optional second argument to these functions allows you to indicate what you want to
happen when there is no encoder or decoder associated with a class. Use DtTrue to
indicate that you would like the encoder or decoder associated with the most specific
superclass for which one has been registered. Use DtFalse to indicate that you want
NULL to be returned when there is no encoder or decoder registered for exactly the
FOM class you specified.

When you want to register your own encoding or decoding functions for a particular
FOM class, use a factory’s encoder() or decoder() function to get a pointer to the object
containing the function table for that class. Then use the encoder or decoder’s mutators
to register your own functions:
RTI::InteractionCl assHandl e handl e =
rti Amb- >get I nteracti onCl assHandl e( " WeaponFire");
Dt nteracti onDecoder* fireDecoder =

f omvapper - >i nt er acti onDecoder Fact ory() - >decoder ( handl e) ;
fireDecoder->addDecoder ("RateOf Fire", nyFunc);
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When you use this method to register functions, you are associating new encoding,
decoding, or checking functions only with a single FOM class at a time. If you would
like to add such functions to the encoders and decoders for a class and all of its
subclasses, you can use one of the following member functions of one of the factory
classes:

+ addAttributeEncoder()
+ addAttributeDecoder()
+ addAttributeChecker()
+ addParameterEncoder()
+ addParameterDecoder().
These functions takes the name (or handle) of a FOM class, the name (or handle) of an

attribute or parameter, a function to register, and a boolean flag indicating whether the
function should apply to subclasses of the indicated FOM class (default is DtTrue).

For example, to register a new encoding function for the Position attribute of the
BaseEntity RPR FOM class and all of its subclasses:

f omMvapper - >st at eEncoder Fact ory() - >addAt t ri but eEncoder (" BaseEntity",
"Position", myFunc, DtTrue);

You can replace any of the factories used by a FOM mapper using the set-X-Factory
functions: For example, if you are creating a FOM mapper for a new FOM, you might
create a subclass of DtHIaStateEncoderFactory whose constructor registers all of the
desired encoder prototypes. You can tell the FOM mapper to use an instance of this
subclass like this:

MyEncoder Fact ory* factory = new MyEncoder Factory(...);
f omMvapper - >set St at eEncoder Fact ory(factory);

Alternatively, you can start with the empty factories, or the factories contained in some
existing FOM mapper (like VR-Link’s RPR FOM mapper), and just add your own
encoders and decoders to them without ever creating new factory instances.

Choosing A DtFomMapper

When you construct a DtExerciseConn, you must choose a FOM Mapper for it to use.
You can do this in one of several different ways:

+ Pass a DtFomMapper instance to a DtExerciseConn constructor

+ Pass the name of a shared library containing a function that creates the desired
FOM mapper to a DtExerciseConn constructor

+ Set the fallback FOM mapper creation function, using DtExerciseConn’s static
setFomMapperCreator()

+ Allow DtExerciseConn to create an empty FOM mapper and configure it after the
DtExerciseConn constructor returns. (In fact, regardless of how you choose a FOM
mapper, you can always modify or reconfigure it after the DtExerciseConn
constructor returns.)
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Passing A DtFomMapper Instance

The following DtExerciseConn constructor takes an instance of a DtFomMapper.

Dt Exer ci seConn(const char* execNane, const char* federateNane,
Dt Fomvapper* mapper = Dt Rpr Fomvapper::create(), const char*
fedFil eName = NULL);

For example, if you create a FOM mapper subclass called MyFomMapper, you might
instruct the DtExerciseConn to use your FOM mapper as follows:

MyFomvapper mapper () ;

Dt Exer ci seConn("VR-Li nk", "M/AppNane", &mapper);
Note that the mapper argument has a default value, which is a pointer to a new’ed
DtRprFomMapper - a FOM mapper implemented in VR-Link that maps to the Real-
time Platform Reference FOM (RPR FOM). If you omit the FOM mapper argument,
as in the examples in the protocol-independent section, the RPR FOM mapper is used.

If you pass a value of NULL as the mapper argument to this constructor, VR-Link uses
the FOM mapper creation function last passed to setFomMapperCreator() to create a
FOM mapper. The default is a function that creates a DtEmptyFomMapper.

Passing the Name of A Shared Library

The following DtExerciseConn constructor takes the name of a shared library (DSO or
DLL).
Dt Exer ci seConn(const char* execNane, const char* federateNane,
const char* dsoNane, const char* fedFileNane = NULL,
voi d* fonmMVaplnitData = NULL);
When you use this constructor, dsoNare must be the name of a shared library (DLL
or DSO) that contains definitions for the following functions:

Dt Fomvapper * Dt Cr eat eFomMvapper (voi d* usr);
voi d Dt Del et eFomvapper ( Dt Fomvapper * mapper) ;

DtCreateFomMapper() is called by the DtExerciseConn after it opens the shared library.
It should return a pointer to an instance of a DtFomMapper (or a subclass) that you
want to use. DtDeleteFomMapper() is a function that will be called from within the

DtExerciseConn destructor, which should delete the FOM mapper instance that you
provided.

When you specify the name of your shared library, you can omit the filename extension
(.so or .dll) to provide platform independence.

These two function definitions that you provide in a shared library should have C
linkage. You can insure this, by wrapping ext ern " C' {} around your function defi-
nitions:
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For example:

extern "C'

{

Dt Fomvapper * Dt Cr eat eFonvapper (voi d* usr)
{

}

return new MyFonmvapper () ;

voi d Dt Del et eFomvapper ( Dt Fomvapper * mapper)
{

del et e mapper;

}

}

You can specify the full path to your shared library within the dsoNare argument to
the DtExerciseConn constructor, or make sure that it is in your current shared library
search path.

The final argument to the DtExerciseConn constructor that takes a shared library name,
isa voi d* that can point to any arbitrary data that is required by the DtCreateFom-
Mapper() function defined in your FOM mapper shared library. The pointer that is
passed to the DtExerciseConn constructor as fomMaplnitData will be passed as the usr
argument to the DtCreateFomMapper() function defined in your shared library. In the
example above, we simply ignored this usr data.

If VR-Link cannot successfully open the specified shared library, or if VR-Link cannot
find the symbols DtCreateFomMapper() and DtDeleteFomMapper() within it, DtEx-
erciseConn acts as though you explicitly passed a NULL FOM mapper: VR-Link uses
the function last passed to DtExerciseConn::setFomMapperCreator() to create a FOM
mapper. The default is a function that creates a DtEmptyFomMapper.

Please see the myFomMap example under ./examples/extend/myFomMap for a demon-
stration of the process of creating a FOM mapper shared library.

The Fallback FOM Mapper Creation Function

DtExerciseConn has a fallback FOM Mapper creation function that is used when you
pass NULL as the mapper argument to the DtExerciseConn constructor, or when an
invalid FOM mapper shared library is passed as the dsoName argument.

You can set the fallback FOM Mapper creation function by using DtExerciseConn’s
static setFomMapperCreator() member function before creating a DtExerciseConn
instance. A FOM mapper creation function has the same prototype as the DtCreate-
FomMapper() function shown above. The default fallback function is DtEmptyFom-
Mapper::create() - which creates an instance of DtEmptyFomMapper (defined in
emptyFomMap.h). A DtEmptyFomMapper is a clean slate - a FOM mapper that contains
no mappings between VR-Link classes and FOM classes.
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Configuring A FOM Mapper After Constructing A DtExerciseConn

A DtFomMapper can be configured using its mutator functions after the DtExercise-
Conn constructor returns. You can use this capability to add a few extra mappings to a
FOM mapper that has been passed to the DtExerciseConn, or constructed from a shared
library.

Alternatively, you can do all of your FOM configuration this way. Pass NULL as the
mapper argument to the DtExerciseConn constructor, and start with the default DtEmp-
tyFomMapper that will be created in this case (assuming that you have not set the fall-
back FOM mapper creation function to something other than
DtEmptyFomMapper::create()).

Using Different RPR FOM Versions

As we mentioned earlier, VR-Link contains built-in support for the Real-Time Platform
Reference FOM (RPR FOM). We accomplished this by building a class called DtRpr-
FomMapper - a DtFomMapper which self-registers mappings for RPR FOM classes,
attributes and parameters. DtRprFomMapper is defined in rprFomMap.h.

The DtRprFomMapper constructor takes an optional version argument that indicates
which version of the RPR FOM you would like to use. See release documentation for
currently supported versions.

For example, to tell VR-Link to use a FOM mapper configured for RPR FOM version
0.7, do the following:
Dt Exer ci seConn conn("VR-Li nk", "M/AppNanme", new Dt Rpor Fomvapper (0.7));

Because DtRprFomMapper contains information about all RPR FOM classes,
attributes, and parameters, using it within your application can make your executable
fairly large. To help alleviate this problem, we have created an alternate FOM mapper
called DtSimpleRprFomMapper, defined in simRprFomMap.h. DtSimpleRprFomMapper
has mappings for only a subset of the“RPR FOM, namely those PIasses that are neggjed
by VR-Link’s examples and other MAK products such as the MAK Stealth and MAK
PVD:

+ BaseEntity and all of its many subclasses

+ EmbeddedSystem.EmitterSystem

+ EmitterBeam and its subclasses

+ WeaponFire

+ MunitionDetonation

+ Collision

+ ViewControl

+ LgrControl.
If you are using only these classes, passing an instance of DtSimpleRprFomMapper to

your DtExerciseConn constructor instead of the default DtRprFomMapper will signifi-
cantly reduce executable size.
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If you are using just a few additional classes, you can create a DtSimpleRprFomMapper,
and manually add mappings for the other classes that you need.

Deriving Your Own DtFomMapper

We mentioned in “Choosing A DtFomMapper,” on page 6-32, that one way that you
might configure your DtFomMapper, is by creating a subclass of DtFomMapper that
self-registers the desired mapping information, and telling the DtExerciseConn to use an
instance of your subclass. This is a way to group your configuration code all in one
place. In fact, this what we have done in VR-Link with our DtRprFomMapper class for
the RPR FOM.

When you create a DtFomMapper subclass, you should usually derive from DtEmpty-
FomMapper, rather than directly from DtFomMapper. DtEmptyFomMapper initializes all
factories and lists for you, so that you only need to add mappings within your subclass.

Because we wanted to allow the possibility of creating a DtFomMapper before a DtExer-
ciseConn (and passing the DtFomMapper to the DtExerciseConn), the DtFomMapper
constructor does not take a DtExerciseConn as an argument. However, a DtFomMapper
needs a DtExerciseConn in order to fully initialize itself.

For this reason, the DtFomMapper constructor does very little. Most initialization
occurs within the virtual init() function, which is called by the DtExerciseConn
constructor after it has read the FED file. The DtExerciseConn passes a pointer to itself
to init(), so that it is available to the DtFomMapper during its real initialization work.

In your derived DtFomMappers, you will need to break things up this way as well. Your
constructor should be basically empty. All of your registration of mapping code belongs
in your implementation of the virtual init() function. From within your init() function,
first call down to the base class's (usually DtEmptyFomMapper’s) version of init. Then
perform your specific initialization, such as addition of encoders, decoders, and class
mappings. See ./examples/extend/myFomMap for an example.
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FOM Agility Examples

This chapter describes examples of FOM mapping and extending RPR FOM classes:

VR-Link FOM Mapping and Extension EXamples .........cccccovvvveveieneaeannns 7-2
Creating Mappings from New FOMs to VR-Link CIasses .........ccooevvevrnrnne 7-3
Writing the Encoder and Decoder CIasses .........covvveeereneieenenrseeeeene 7-3
Configuring the FOM Mapper........coevriiireieiniene e 7-9
Adding Attributes and Parameters to RPR FOM CIasses.......c.ccovvvvvvevenenn. 7-12
Creating A Subclass of DtEntityStateRepoSitory..........cceeveeevvieeernenne 7-12
Creating A Subclass of DtFirelnteraction...........ccocovveveeeievvieeienienn 7-13
Adding Attribute and Parameter Mappings to the FOM Mapper ......... 7-14
Creating New Interaction CIasseS........cvvivieiiereieseesesese e esee e sre e srenas 7-18
Creating a New INteraction .........cccccvveveiviiiiie v eee e 7-18
Creating New Encoder and Decoder FUNCLIONS...........cccovevevviieeiennnn, 7-22
USING the NEW ClIaSS.......eciieieeiieie et eee e e ve e s sres 7-24
Creating New ODJECt CIaSSES .....civriieeiieriesieesieere e se e te e te e ae e 7-26
Creating a New State RePOSITOrY ......ccevveivriieiieie e 7-26
Creating New Publisher, Reflected Object, and Object List Classes...... 7-28
Creating Encoder and Decoder CIasses........ovuvvevvrereererieseeienesieaneans 7-33
Using the New Classes in An Application .........ccccceovvviveveeneieneie e, 7-35
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7.1. VR-Link FOM Mapping and Extension Examples

VR-Link provides examples of how to do various FOM mapping tasks, and of how to
extend the top-level API to work with new FOM concepts. These examples are in
several subdirectories of ./examples/extend.

+ The myFomMap example shows how to create a FOM mapper for a new FOM, but
assumes that the new FOM contains concepts already covered by VR-Link’s API
(so no extensions are necessary). It also demonstrates how to put the new FOM
mapper into a shared library that can be loaded by DtExerciseConn, and by MAK
applications like MAK Stealth, MAK Logger, and MAK Plan View Display. The
shared library works with the FED file called MyFomMap.fed that is in the VR-
Link root directory.

+ The addAttr example demonstrates how to extend the RPR FOM by adding new
attributes or parameters to existing classes, particularly when this requires
extending VR-Link’s API to work with them.

+ The testinter and testObj examples demonstrate how to add a new interaction or
object class to your FOM, including extending VR-Link’s API to work with them.

+ The testSimplnter example demonstrates a method of working with new interaction
classes that does not involve VR-Link’s encoder and decoder classes. This imple-
mentation is simpler in some cases, but less extensible and less efficient. We do not
provide a walk-through of this example. See comments in the source files for
details.

All the examples except myFomMap create executables that work with the VrlExtend.fed
FED file that is in the VR-Link root directory.

In the following sections, we walk through the examples, explaining the code we've
written.
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7.2. Creating Mappings from New FOMs to VR-Link Classes

1.2.1.

The myFomMap example shows how to create a FOM mapper for a new FOM, but
assumes that the new FOM contains concepts already covered by VR-Link’s API (so no
extensions are necessary). It also demonstrates how to put the new FOM mapper into a
shared library that can be loaded by DtExerciseConn, and by MAK applications like
MAK Stealth, MAK Logger, and MAK PVD. The shared library works with the FED
file called MyFomMap.fed that is in the VR-Link root directory.

For this example, we created a new FED file called MyFomMap.fed, representing a new,
simple FOM. The MyFomMap FOM contains one object class called Vehicle, and one
interaction class called Shoot. The FED file is in the VR-Link root directory.

Vehicle has two attributes:
+ VehicleType - an integer that represents a vehicle’s type as either 0 for an M1A1
tank, and 1 fora T72
+ GeocLoc - an array of three doubles that represents a vehicle’s position in geocentric
coordinates.

These attributes are mapped to DtEntityStateRepository’s concepts of entity type and
location.

Shoot has two parameters: Shooter and Shootee. Both are character strings representing
the HLA object names of the attacker and target respectively. These parameters will be
mapped to DtFirelnteraction’s concepts of attacker 1D and target 1D respectively.

This FOM uses different class, attribute, and parameter names than the RPR FOM,
but uses similar data representations to keep our type conversion examples simple.
(Though in one case - the VehicleType attribute, our data representation is very
different to demonstrate that this can be done).

For each of these FOM classes, we:

1. Create an encoder class and a decoder class whose constructors self-register the
necessary encoding and decoding functions for each attribute and parameter (and
checking functions for each attribute as well).

2. Register these encoders and decoders with a FOM mapper along with other class
mapping information.

3. Implement the two global functions required for FOM mapper shared libraries.

Writing the Encoder and Decoder Classes

ShootEncoder is defined in shootEnc.h and shootEnc.cxx as follows:

cl ass Shoot Encoder : public DtlnteractionEncoder

{
public:

/1 Constructor
Shoot Encoder (Dt Exer ci seConn* exConn, DtlnterC assDesc* cl assDesc);
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/1 Destructor
virtual ~Shoot Encoder();

protected:

/1 1ndividual paranmeter encoding functions - one for each paraneter.
/1 These macros expand to |l ook like this:

/1 static void encodeShooter(const DtFirelnteraction& inter,

11 RTI : : Par amet er Handl eVal uePai r Set * par ans,

11 RTI : : Par amet er Handl e par amHandl e) ;

Dt DECLARE_SHOOT_PARAM_ENCODER( Shoot er ) ;

Dt DECLARE_SHOOT _PARAM_ENCODER( Shoot ee) ;

}s

Shoot Encoder : : Shoot Encoder (
Dt Exer ci seConn* exConn,
Dt I nterCl assDesc* cl assDesc)
Dt | nt eracti onEncoder (exConn, cl assDesc)

{
/1 Register the individual encoding functions for Test's parameters with
/1 object. The encoding functions have names |i ke encodeShooter and
/1 encodeShoot ee. The macro expands to |l ook like this:
/'l addEncoder (" Shooter", (DtParaneterEncoder) encodeShooter);
/1 addEncoder (" Shoot ee", (Dt ParaneterEncoder) encodeShoot ee);
Dt ADD_PARAM _ENCODER( Shoot er) ;
Dt ADD_PARAM ENCODER( Shoot ee) ;
}

/1 Encoding functions for the paraneters

voi d Shoot Encoder : : encodeShoot er (const DtFirel nteracti on& inter,
RTI : : Par anet er Handl eVal uePai r Set * par ans,
RTI : : Par anet er Handl e par anHandl e)

{
/1l CGet the value fromthe inspector function, convert to FOMrepresentation
/1l (in this case, a trivial conversion), and add it to the phvps.
const char* val = inter.attackerld().string();
par ans- >add( par anHandl e, val, strlen(val));
}

voi d Shoot Encoder: : encodeShoot ee(const DtFirelnteraction& inter,
RTI : : Par anmet er Handl eVal uePai r Set * par ans,
RTI : : Par anet er Handl e par anHandl e)

{
/1 Get the value fromthe inspector function, convert to FOMrepresentation
/1 (in this case, a trivial conversion), and add it to the phvps.
const char* val = inter.targetld().string();
par ans- >add( par anmHandl e, val, strlen(val));
}

7-4 MAK Technologies



FOM Agility Examples — Writing the Encoder and Decoder Classes

Defining the ShootDecoder Class

ShootDecoder is defined in shootDec.h and shootDec.cxx as follows:

cl ass Shoot Decoder : public DtInteracti onDecoder

{
public:

/1 Constructor
Shoot Decoder (Dt Exer ci seConn* exConn, DtlnterC assDesc* cl assDesc);

/| Destructor
virtual ~Shoot Decoder();

pr ot ect ed:

/1 I'ndividual paranmeter decoding functions - one for each paraneter.
/'l These macros expand to | ook like this:

/] static void decodeNunber(DtFirelnteraction* inter,

/1 const RTI:: Paranet er Handl eVal uePai r Set & parans, int index);

Dt DECLARE_SHOOT _PARAM DECODER( Shoot er) ;

Dt DECLARE_SHOOT _PARAM DECODER( Shoot ee) ;

}

Shoot Decoder : : Shoot Decoder (
Dt Exer ci seConn* exConn,
Dt I nterC assDesc* cl assDesc)
Dt | nt eracti onDecoder (exConn, cl assDesc)

{
/'l Register the individual decoding functions for Shoot's parameters with
/1 object. The decoding functions have nanes |i ke decodeShooter and
/1 decodeShoot ee. The macro expands to | ook |ike this:
/1 addDecoder (" Shooter", (DtParaneterDecoder) decodeShooter);
Dt ADD_PARAM DECODER( Shoot er) ;
Dt ADD_PARAM DECODER( Shoot ee) ;
}

/1 Decodi ng functions

voi d Shoot Decoder : : decodeShoot er (Dt Fi rel nteracti on* inter,
const RTI:: Paranet er Handl eVal uePai r Set & par ans,
int index)
{
RTI::ULong length = O;
/1 Get value in RTlI representation into netVal.
char* netVal = (char*)
par ans. get Val uePoi nt er (i ndex, |ength);
/1 Must copy to a buffer, because string returned by getVal uePoi nter may
/1 not be NULL term nated.
static char buff[100];
strncpy(buff, netVval, length);
buff[length] = 0;
/1 In this case, we can inplicitly convert from FOM representation (char*)
/1 to VR-Link representati on (Dtd obal Obj ect Designator). No explicit
/'l conversion is necessary. Just pass the value to the nmutator function.
i nter->set Attackerld(buff);
}
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voi d Shoot Decoder : : decodeShoot ee(Dt Firel nteracti on* inter,

const RTI:: Paranet er Handl eVal uePai r Set & par ans,
int index)

RTI:: ULong length = O;
/1 Get value in RTI representation into netVal.
char* netVal = (char*)

par ans. get Val uePoi nt er (i ndex, |ength);

/1 Must copy to a buffer, because string returned by getVal uePoi nter may
/1 not be NULL terninated.

static char buff[100];

strncpy(buff, netVal, length);

buff[length] = 0;

/1 In this case, we can inplicitly convert from FOM representation (char*)
/1 to VR-Link representation (Dtd obal CbjectDesignator). No explicit

/'l conversion is necessary. Just pass the value to the nmutator function.
inter->setTarget!|d(buff);

Defining the VehicleDecoder Class

On the object side, the VehicleDecoder class is in vehicleDec.h and vehicleDec.cxx:

cl ass Vehi cl eDecoder : public DtH aStateDecoder

{

publi c:

/1 default constructor
Vehi cl eDecoder ( Dt Exer ci seConn* exConn, Dt Cbj Cl assDesc* cl assDesc);

/| destructor
virtual ~Vehicl eDecoder ();

pr ot ect ed:

b

/1 1ndividual attribute decoding functions - one for each attribute.
/1 These macros expand to look like this:

/1 static void decodeVehicl eType(DtEntityStateRepository* stateRep,

11 const RTI::AttributeHandl eVal uePairSet& attrs, int pairSetlndex)

Dt DECLARE_VEHI CLE_ATTR_DECODER( Vehi cl eType) ;
Dt DECLARE_VEHI CLE_ATTR_DECODER( GeocLoc) ;

Vehi cl eDecoder : : Vehi cl eDecoder (

/1

Dt Exer ci seConn* exConn,
Dt Obj Cl assDesc* cl assDesc)
Dt H aSt at eDecoder (exConn, cl assDesc)

/! Register the individual decoding functions for Test's attributes with
/1 the object. The decodi ng functions have names |ike decodeVehi cl eType
/'l and decodeGeocLoc. The macro expands to | ook Iike this:

/1 addDecoder (" Vehi cl eType", (DtAttributeDecoder) decodeVehicl eType);

Dt ADD_ATTR_DECODER( Vehi cl eType) ;

Dt ADD_ATTR_DECODER( GeoclLoc) ;

Decodi ng functions
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voi d Vehi cl eDecoder: : decodeVehi cl eType(Dt Enti t ySt at eReposi t ory* st ateRep,
const RTI::AttributeHandl eVal uePairSet& attrs,

i nt index)
{
RTI:: ULong length = 0;
/] Get value fromRTlI representation into netVal.
Dt Net I nt 32* netVal = (DtNetlnt32*) attrs.getVal uePointer(index, |ength);
/1 Convert from FOMrepresentation to VR-Link representation.
/1 Byte swapping occurs if necessary, when converting from"Net" types to
/1 native types.
int nativevVal = (Dtlnt32) *netVal;
DtEntityType entityType;
if (nativeval == 0)
{
/1 1t's an M.
entityType = DtEntityType(1, 1, 225, 1, 1, 0, 0);
}
else if (nativeval == 1)
{
/Il 1t's a T72.
entityType = DtEntityType(1, 1, 222, 1, 2, 0, 0);
}
/1 pass the value to the nutator function
st at eRep->set EntityType(entityType);
}
voi d Vehi cl eDecoder: : decodeGeocLoc(Dt EntitySt at eReposi tory* st ateRep,
const RTI::AttributeHandl eVal uePairSet& attrs,
int index)
{
RTI:: ULong length = O;
/1 Get value fromRTI representation into netVal.
Dt Net 64Vector* netVal =
(Dt Net 64Vector*) attrs. getVal uePoi nter(index, |ength);
/1 In this case, the FOM representation (Dt Net64Vector) can be inplicitly
/1 converted to VR-Link representation (DtVector)
st at eRep- >set Locati on(*net Val ) ;
}

Defining the VehicleEncoder Class

The VehicleEncoder class is defined in vehicleEnc.h and vehicleEnc.cxx:

cl ass Vehicl eEncoder : public DtH aStateEncoder
{
public:

/1 default constructor
Vehi cl eEncoder (Dt Exer ci seConn* exConn, Dt Obj C assDesc* cl assDesc);

/] destructor
virtual ~Vehicl eEncoder();

pr ot ect ed:
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/1 1ndividual attribute encoding functions - one for each attribute.
/1 This macro expands to look like this:

/1 static void encodeVehicl eType(const DtEntityStateRepository& rep,
11 RTI:: Attri but eHandl evVal uePairSet* attrs,

11 RTI:: AttributeHandl e attrHandl e)

Dt DECLARE_TEST_ATTR_ENCODER( Vehi cl eType) ;

Dt DECLARE_TEST_ATTR_ENCODER( GeoclLoc) ;

/1 1ndividual attribute checking functions - one for each attribute.
/1 This macro expands to look like this:

/1 static DtBool ean needNunber (const DtEntityStateRepository& rep,
11 const DtEntityStateRepository& asSeenByRenote);

Dt DECLARE_TEST_ATTR_CHECKER( Vehi cl eType) ;
Dt DECLARE_TEST_ATTR_CHECKER( GeoclLoc) ;
}s

Vehi cl eEncoder : : Vehi cl eEncoder (
Dt Exer ci seConn* exConn,
Dt Obj C assDesc* cl assDesc)
Dt H aSt at eEncoder (exConn, cl assDesc)

{
/'l Register the individual encoding and checking functions for Vehicle's
/1 attributes with the object. The encodi ng functi ons have nanes |ike
/'l encodeGeocLoc, while checking functions have nanmes |ike needGeoclLoc.
/1 The macros expands to look like this:
/1 addEncoder (" Vehi cl eType", (DtAttributeEncoder) encodeVehicleType);
/1 addChecker (" Vehi cl eType", (DtAttributeChecker) needVehi cl eType);
Dt ADD_ATTR_ENCODER( Vehi cl eType) ;
Dt ADD_ATTR_ENCODER( GeoclLoc) ;
Dt ADD_ATTR_CHECKER( Vehi cl eType) ;
Dt ADD_ATTR_CHECKER( GeoclLoc) ;

}

/1 Encodi ng and checki ng functions

Dt Bool ean Vehi cl eEncoder : : needVehi cl eType(
const DtEntityStateRepository& stateRep,
const DtEntityStateRepository& asSeenByRenot e)

return (DtBool ean) !(stateRep.entityType() ==
asSeenByRenpte. entityType());

}

Dt Bool ean Vehi cl eEncoder : : needGeocLoc(

const DtEntityStateRepository& stateRep,

const DtEntityStateRepository& asSeenByRenote)
{

}

return (DtBool ean) ! (stateRep.location() == asSeenByRenote.location());

voi d Vehi cl eEncoder: : encodeVehi cl eType(const DtEntityStateRepository& rep,
RTI:: Attribut eHandl evVal uePair Set* attrs,
RTI:: Attri buteHandl e attrHandl e)

/'l Get val ue using inspector
DtEntityType type = rep.entityType();

/1 Convert to FOM representation:
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1.2.2.

Dt Net I nt 32 netVal = 0;
if (type == DtEntityType(1, 1, 225, 1, 1, 0, 0))

{
11 MLAL

netVal = 0;
}
else if (type == DtEntityType(l, 1, 222, 1, 2, 0, 0))

Il T72
netVal = 1;

}

/1 Add to ahvps
attrs->add(attrHandl e, (char*) &netVal, sizeof(netVal));
}

voi d Vehi cl eEncoder: : encodeCGeocLoc(const DtEntityStateRepository& rep,
RTI:: Attri but eHandl eVal uePairSet* attrs,
RTI:: AttributeHandl e attrHandl e)

{
/1l Get the value fromthe inspector function, convert to FOMrepresentation
/1 (in this case, a trivial conversion), and add it to the phvps.
Dt Vector vec = rep.location();
Dt Net 64Vect or net Val (vec);

/1 Add to ahvps
attrs->add(attrHandl e, (char*) &netVal, sizeof(netVal));
}

Configuring the FOM Mapper

There are several different ways that we can configure a FOM mapper to deal with this
new FOM. For example, we could allow the DtExerciseConn constructor to create an
empty FOM mapper, and then add mappings to that FOM mapper later.

However, what we will do here is create a subclass of DtFomMapper called MyFom-
Mapper, whose implementation of the virtual init() function self registers all of the
mappings we want. We can then either create an instance of this class and pass it to the
DtExerciseConn constructor, or create a shared library containing a function called
DtCreateFomMapper() that returns a new’ed instance of MyFomMapper, and pass the
name of the shared library to the DtExerciseConn constructor. In this example, we
demonstrate the shared library option.

Regardless of how an instance of a DtFomMapper is passed to a DtExerciseConn
constructor, DtExerciseConn calls init() on that FOM mapper after reading the FED file
and initializing the RTI.

The MyFomMapper class is defined in myFomMap.h and myFomMap.cxx. The code is
included below. Notice that MyFomMapper is derived from DtEmptyFomMapper.
Within MyFomMapper::init(), we call down to the DtEmptyFomMapper::init(),
which initializes the FOM mapper with empty factories and tables. We then add our
own mappings to the tables, including adding instances of our encoders and decoders
to the FOM mapper’s encoder and decoder factories.

cl ass MyFonmMVapper : public Dt Enpt yFomvapper

MAK VR-Link Developer’s Guide 7-9



FOM Agility Examples — Configuring the FOM Mapper

{
publi c:
/1 Default constructor - nost initialization is delayed until init() is
/1 call ed.
My Fomvepper () ;
/1 Destructor
virtual ~MyFonmVapper();
/1 Virtual function override. init actually initializes npst data. It is
/1 called from Dt Exerci seConn constructor. Required.
virtual void init(DtExerci seConn* conn);
H

MyFom\vapper : : MyFomVapper ()
Dt Enpt y Fomvapper ()

{
/! Real initialization takes place in virtual init() function,
/1 when a DtExerciseConn is avail able.

}

voi d MyFonmVapper: :init (Dt Exerci seConn* exConn)

{
/] Call base class init. This sets nyExConn, and initializes all factories
/1l to default or enpty factories (no encoders or decoders registered, no
/'l mappi ngs between FOM interaction classes and VR-Link interaction
/'l classes.
Dt Enpt yFomvapper : : i nit (exConn);

/1 Add encoders and decoders for our Vehicle object class and Shoot

/1 interaction class. When DtEntityPublisher, DtReflectedEntity, and

/1 DtFirelnteraction ask the FOM mapper for encoders and decoders to use,
/1 this FOM mapper will return clones of the encoders and decoders we're
Il registering here.

Dt Obj G assDesc* obj Cl ass = exConn->fom() - >obj Cl assByNane(" Vehi cl e");

if (objd ass)

{
st at eEncoder Fact or y() - >addEncoder (
obj d ass->handl e(), new Vehi cl eEncoder (exConn, obj C ass));
st at eDecoder Fact or y() - >addDecoder (
obj C ass->handl e(), new Vehi cl eDecoder (exConn, obj C ass));
}

Dt I nterC assDesc* interCl ass = exConn->fon{)->i nterC assByNane(" Shoot");
if (interd ass)

{
i nteractionEncoder Factory()->addEncoder (
interd ass->handl e(), new Shoot Encoder (exConn, interCl ass));
i nteracti onDecoder Fact ory() - >addDecoder (
interd ass->handl e(), new Shoot Decoder (exConn, interC ass));
}

/1 Set up mappings for publishing. Indicate the FOMclass to use for each
/1 kind of DtObjectPublisher, and each kind of Dtlnteraction.

set Obj ect C assToChoose("Dt EntityPublisher", "Vehicle");

setlnteractionCl assToChoose("Dt Firel nteraction", "Shoot");

/1 Set up mappings for subscribing. |Indicate which FOM cl ass each kind of
/1 DtRefl ectedObj ectList should subscribe to, and whi ch FOM cl ass each ki nd
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/1 of Dtlnteraction's addCallback function should subscribe to.
set Obj ect O ass(" Dt Refl ectedEntityList", "Vehicle");
setlnteractionC ass("DtFirelnteraction", "Shoot");

/1 Set up mappings for creating Dtinteraction instances. |ndicate what
/1 kind of DtInteraction to create to represent each FOMinteraction
/'l class.

interacti onFactory()->addCreator("Shoot", DtFirelnteraction::create);

}

The file createtFomMap.cxx contains definitions for the functions that are required by
VR-Link if you are creating a FOM mapper shared library. When you pass the name of
a shared library to a DtExerciseConn constructor, it opens the shared library and looks
for the functions DtCreateFomMapper() and DtDeleteFomMapper(). Here, DtCreate-
FomMapper() just returns a new instance of our MyFomMapper class. These two func-
tions must have C linkage, so we enclose their definitions withinextern "C' {}.

extern "C'
{
Dt Fom\vapper * Dt Cr eat eFomvapper (voi d* usr)
{
return new MyFomvapper () ;
}
voi d Dt Del et eFomvapper ( Dt Fomvapper * mapper)
{
del et e mapper;
}
}

When you do a “make” in this example directory, you will build a shared library called
myFomMap.so or myFomMap.dll. You can test this library with any VR-Link example
that accepts a path to a FOM mapping shared library through the - f option. You can
omit the .so or .dll, so that the same command can be used on a PC or in UNIX.
Remember to also specify a federation execution name of MyFomMap, using the - x
option, so that the MyFomMap.fed file is used.

For example, from the ./binRPR directory, you can run:
f18 -f ../exanpl es/ ext end/ nyFonmvap/ nyFonvap - x MyFomvap

Alternatively, you can write your own application that passes the name of the shared
library to the DtExerciseConn. Again, make sure that you use the right FED file:

Dt Exer ci seConn conn(" MyFonmvap", "M/App", "myFomvap");
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/7.3. Adding Attributes and Parameters to RPR FOM Classes

1.3.1.

7-12

The code in the addAttr example explains the steps you need to take when you add a
new attribute or parameter to existing classes in your FOM. In this example, we assume
that the new attribute and parameter represent concepts not present in the VR-Link
top-level API. Therefore, we must first extend the API to provide accessors for the new
concepts, then configure the FOM Mapper so that it can map between the new FOM
elements, and our AP extensions.

The FOM elements that we have added for this example are:

+ A new attribute called Mass has been added to the BaseEntity object class.

+ A new parameter called Temperature has been added to the WeaponFire interaction
class.

These additions are in the file VrlExtend.fed. To work with these additions do the
following:

1. Create a subclass of DtEntityStateRepository with accessors for the new Mass
attribute. (See myEsr.h.)

2. Create a subclass of DtFirelnteraction with accessors for the new Temperature
parameter. (See myFirelnter.h.)

3. Add mappings for the new attribute and parameter to the FOM mapper, and tell
the FOM mapper to instantiate MyFirelnteraction when an interaction of class
WeaponFire is received. (See configromMap.h and configFomMap.cxx.)

4. Tell DtReflectedEntity and DtEntityPublisher to use MyEntityStateRepository instead
of the standard DtEntityStateRepository. (See main.cxx.)

Creating A Subclass of DtEntityStateRepository

Applications typically get state information about entities from a DtEntityStateReposi-
tory. This class has mutators and inspectors that provide access to many components of
an entity’s state, but the concept of mass is not one of these components. So in the file
myEsr.h, we extend the DtEntityStateRepository API by deriving a class called MyEntityS-
tateRepository:

class MyEntityStateRep : public DtEntityStateRepository
{
publi c:

/1l Set/Get the value of mass

virtual void setMass(float mass);

virtual float mass() const;

/1 Virtual function override: print the state rep's data.
virtual void printData() const;

public:

/1 Create a MyEntityStateRep. Caller is reponsible for deletion.
static DtEntityStateRepository* create();
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1.3.2.

pr ot ect ed:

float nyMass;
s
We added an inspector and mutator function for the concept of mass, and overrode the
virtual printData() function, so that mass will be printed along with the other state
data. Finally, we provided a static create() function that you can register with other VR-
Link classes, so that they can create an instance of our new state repository.

These functions have straightforward implementations:

inline void MEntityStateRep::setMss(float tenp)

{
myMass = tenp;
}
inline float MyEntityStateRep::mss() const
{
return nyMass,;
}

inline void MyEntityStateRep::printData() const

{
DtEntityStateRepository::printData();
printf("Mass: W f\n", mass());

}

inline DtEntityStateRepository* MyEntityStateRep::create()

{
return new MyEntityStateRep();

}

Creating A Subclass of DtFirelnteraction

In myFirelnter.h, we extend the API provided by the DtFirelnteraction class, to add
accessor functions for the concept of temperature. Again, we override printData(), and
provide a static create() function:

class MyFirelnteraction : public DtFirelnteraction
{
public:

/'l Set/Get the value of tenperature

virtual void setTenperature(float tenp);

virtual float tenperature() const;

/1 Virtual function override: print the interaction's data.
virtual void printData() const;

public:

/Il Create a MyFirelnteraction. Caller is reponsible for deletion.
static Dtlnteraction* create();

pr ot ect ed:
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float myTenperature;
H

1.3.3. Adding Attribute and Parameter Mappings to the FOM Mapper

Next, we need to provide code that can map between the FOM attribute and param-
eter, and our API extensions. This code is in configromMap.cxx. The function config-
FomMapper() takes a pointer to a FOM mapper as an argument and configures that
FOM Mapper so that it contains our new mappings. The assumption is that the FOM
Mapper that will be passed to us already contains the standard RPR FOM mappings, so
that we only need to add our new mappings. We don't have to worry about adding
mappings for the rest of the FOM.

In configFomMapper(), listed below, we first register our MyFirelnteraction class’s create
function with the FOM mapper’s interaction factory, so that it knows that this is the
Dtinteraction subclass that it should instantiate to represent incoming interactions of
the FOM class WeaponFire. We don't need to do anything similar for objects here, but
we will see later that we need to tell our DtEntityPublisher and DtReflectedEntity classes
that they should be using our MyEntityStateRepository class to store the state of the
objects that they represent.

The rest of configFomMapper() shows the registration of encoding, decoding, and
checking functions for our new attribute and parameter. Decoding functions take data
from FOM representation, and pass it to interaction or state repository mutator func-
tions (after performing any necessary format conversions). Encoding functions obtain
data using interaction or state repository inspector functions, and add them to outgoing
state updates in FOM representation (again after performing any necessary conver-
sions). Checking functions check whether an attribute’s update condition has been met,
usually by comparing the data in a current state repository, and a state repository that
represents the state that would be seen by remote federates based on updates that we
have sent.

configFomMapper() looks like this:

voi d confi gFomvapper ( Dt FomVapper * mapper)
{
/'l Register MyFirelnteraction's creator function with the FOM Mapper's
/'l interaction factory, so that VR-Link creates an instance of
/!l MyFirelnteraction instead of DitFirelnteraction to represent an incom ng
/1 WeaponFire interaction.
mapper - >i nteracti onFact ory()->addCr eat or (
"WeaponFire", MyFirelnteraction::create);

/1 Add your encoding function for the "Tenperature" paraneter to the
/1 prototype encoders for WaponFire and any subcl asses if they existed.
mapper - >i nt er acti onEncoder Fact or y() - >addPar anet er Encoder (

"WeaponFire", "Tenperature",

(DtInteractionEncoder: : Dt Paramet er Encoder) encodeTenperature, DtTrue);

/1 Add your decoding function for the "Tenperature" paraneter to the
/'l prototype decoders for WaponFire and any subcl asses if they existed.
mapper - >i nt er acti onDecoder Fact or y() - >addPar anet er Decoder (

"WeaponFire", "Tenperature",
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(DtInteractionDecoder: : Dt Par amet er Decoder) decodeTenperature, DtTrue);

/1 Add your encoding function for the "Mass" attribute to the prototype
/1 encoders for BaseEntity and all of its subcl asses.
mapper - >st at eEncoder Fact ory() - >addAt t ri but eEncoder (

"BaseEntity", "Mass",

(Dt H aSt at eEncoder: : Dt Attri but eEncoder) encodeMass, Dt True);

/1 Add your decoding function for the "Mass" attribute to the prototype
/| decoders for BaseEntity and all of its subcl asses.
mapper - >st at eDecoder Fact ory() - >addAt t ri but eDecoder (

"BaseEntity", "Mass",

(Dt H aSt at eDecoder: : Dt Attri but eDecoder) decodeMass, Dt True);

/1 Add your checking function for the "Mass" attribute to the prototype
/1 encoders for BaseEntity and all of its subcl asses.
mapper - >st at eEncoder Fact ory() - >addAt t ri but eChecker (

"BaseEntity", "Mass",

(Dt H aSt at eEncoder: : Dt Attri but eChecker) needMass, DtTrue);

Adding Encoding, Decoding, and Checking Functions

The encoding, decoding, and checking functions that we register with the FOM
Mapper are defined as follows. By using VR-Link’s “Net” types in our functions, byte
swapping occurs automatically during conversions to and from native types.

/1 Encoding function to be used for the "Mass" attribute.

voi d encodeMass(const M/EntityStateRep& stateRep,

RTI :: Attri but eHandl eVal uePai r Set * avli st,
RTI:: Attribut eHandl e handl e)

{
/1l Get the value using stateRep's nmass(), and add it to the avlList.
doubl e mass = stateRep. mass();
Dt Net FI oat 64 net Val (nmass) ;
avli st - >add(handl e, (char*) &netVal, sizeof (DtNetFl oat64));
}

/1 Decoding function to be used for the "Mass" attribute.
voi d decodeMass(MyEntitySt at eRep* st ateRep,

const RTI::AttributeHandl eVal uePair Set & avli st,

i nt pairSetlndex)

{
/1l Get the value fromthe avList, and pass it to stateRep's setMass().
Dt Net FI oat 64 net Val ;
RTIl:: ULong length = O;
avlist.getVal ue(pairSetlndex, (char* )&netVal, |ength);
st at eRep- >set Mass( (doubl e) netVal);
}

/'l Checking function to be used for the "Mass" attribute (checks whether
/] update condition has been net).
Dt Bool ean needMass(

const MyEntityStateRep& stateRep,

const MyEntityStat eRep& asSeenByRenot e)

/1 Just conpare the nasses in the two state repositories.
return (Dt Bool ean) (stateRep.mass() != asSeenByRenote. mass());
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/1 Encoding function to be used for the "Tenperature" paraneter.
voi d encodeTenper ature(const MyFirelnteraction& fire,

RTI : : Par anet er Handl eVal uePai r Set * pvLi st

RTI : : Par anet er Handl e handl e)

{
/1 Get the value using the interaction's tenperature() and add it to the
/1 avlist.
double tenmp = fire.tenperature();
Dt Net Fl oat 64 net Val (tenp);
pvLi st->add(handl e, (char*) &netVal, sizeof(netVal));
}

/1 Decoding function to be used for the "Tenperature" paraneter.
voi d decodeTenperature(MFirelnteraction* fire,

const RTI:: Paranet er Handl eVal uePai r Set & pvli st,

int pairSetlndex)

{
/!l Get the value fromthe pvlist, and pass it to the interaction's
Il setTenperature().
Dt Net Fl oat 64 net Val ;
RTIl:: ULong length = O;
pvlist. getVal ue(pairSetlndex, (char* )&netVal, |ength);
fire->set Tenperature((float) netVal);
}

In main.cxx, we construct a DtExerciseConn, telling it to use our modified FED file,
VrlExtend.fed. By not passing a DtFomMapper argument, we are indicating that the
default RPR FOM Mapper should be used:

Dt Exer ci seConn conn("Vrl Extend", "addAttr");

After the DtExerciseConn is created, we pass its FOM mapper to the configFom-
Mapper() function that we wrote in configFomMap.cxx. This adds our new mappings:

confi gFomvapper (conn. f omvapper ());

Telling VR-Link to Use the New Classes

The last thing that we need to do is to get our DtEntityStateRepository extensions
plugged into VR-Link. We tell the DtReflectedEntity and DtEntityPublisher classes that
they should use instances of MyEntityStateRepository, rather than the default DtEntity-
StateRepository, to store their objects’ state. We do this by using those classes’ static
member function setStateRepCreator(), as follows:

Dt Ref | ect edEntity::set St at eRepCreat or (MyEntityStateRep::create);
Dt EntityPublisher::setStateRepCreator ( WENtityStateRep::create);

Later, when we create a DtEntityPublisher to manage sending updates for a locally simu-
lated entity, we can cast the state repository returned by its esr() function to a MyEnti-
tyStateRepository, and use its setMass() function to set the entity’s mass:

/Il Create an entity publisher
Dt EntityPublisher pub(DtEntityType(1, 1, 225, 1, 1, 0, 0), &conn);

/1 We've told the publisher to use a MyEntityStateRep as its state

/'l repository, so this cast should be safe.
M/EntityStateRep* esr = (MyEntityStateRep*) pub.esr();
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esr->set Mass(215. 0);

On the receiving side, we can cast a DtReflectedEntity’s state repository to a MyEntityS-
tateRepository as well, and inspect the entity’s mass using its mass() member. In the
example, we just call its printData() virtual function, for which the cast isn't really
necessary:

/1 W've told DtReflectedEntity to use a MyEntityStateRep as its

/] state repository, so this cast shoul d be safe.

M/EntityStateRep* esr = (MyEntityStateRep*) ent->esr();
esr->printData();

Using the New Parameters

To send a fire interaction that includes our temperature parameter, just create an
instance of MyFirelnteraction and send it;
MyFirelnteraction inter;

i nter.setTenperature(150.0);
conn. sendSt anped(inter);

To receive it, register a callback function with DtFirelnteraction as usual.

/'l Register the callback on incomng Fire Interactions.
DtFirelnteraction::addCal | back(&onn, fireCb, NULL);

Within the callback, we can cast the DtFirelnteraction pointer to a pointer to MyFireln-
teraction, and inspect the temperature using its temperature() member, or just use its
virtual printData() function, which should print the temperature along with the other
parameters:

/1 Callback function to be called when a Fire Interaction is received.
void fireCb(DtFirelnteraction* inter, void*)

{

printf("Received Fire Interaction!\n");

inter->printData();

printf("\n");

}

In this example, we did not provide static addCallback() and removeCallback() func-
tions in the MyFirelnteraction class, as most VR-Link interaction classes do. Had we
done so, they would have allowed callback functions that take a MyFirelnteraction
pointer rather than a DtFirelnteraction pointer. If we were able to use such specific call-
backs, we could avoid a cast to MyFirelnteraction within the callback, which is otherwise
necessary to inspect subclass-specific data.

After you build the addAttr example, run two copies of it. You should see them commu-
nicating with each other. Each should print state and interaction information received
from the other, including values for the new attribute and parameter.
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7.4. Creating New Interaction Classes

1.4.1.

7-18

The code in the testinter example explains the steps you need to take when adding a
new interaction class to your FOM. We need to extend the VR-Link top-level API by
adding a new kind of Dtlinteraction. Then we create mappings between the new FOM
class and the new Dtlinteraction subclass.

For this example, we added an interaction class called Test to the VrlExtend.fed FED
File. It has two parameters:

+ Number, which is represented as a 32-bit float
+ Vector, which is represented as an array of three 64-bit doubles.

To work with these additions we need to:

1. Create a new subclass of DtInteraction to represent the new kind of interaction. (See
testInter.h and testinter.cxx.)

2. Create TestEncoder and TestDecoder classes, subclasses of DtInteractionEncoder and
DtlinteractionDecoder respectively. These classes contain encoding and decoding
functions for the attributes of the Test interaction. (See testDec.h, testDec.cxX,
testEnc.h and testEnc.cxx.)

Creating a New Interaction

The files testInter.h and testInter.cxx contain definitions for a new class called TestInterac-
tion, and its member functions.

The class definition appears below. Like all interaction classes in VR-Link, it is derived
from DtlInteractionWithEncDec, rather than directly from Dtlinteraction. DtInteraction is
rather general, and allows for a wide variety of subclass implementations, including
those that do not involve our concept of encoders and decoders. DtinteractionWith-
EncDec is set up to deal with encoders and decoders, and we will be taking advantage of
this.

TestInteraction includes inspector and mutator functions to access the values of the
Number and Parameter attributes. We represent them in the same way as in the FOM,
but this is not strictly necessary. We could perform a non-trivial conversion in FOM
mapping code instead.

The TestInteraction class hard-codes its own FOM mapping information, rather than
relying on the default behavior, which is to obtain it from the FOM mapper. We do this
here, because it make things simpler, by saving us the step of configuring the FOM
mapper with mappings for our new class. But this choice means that it would be more
difficult to change the way this kind of interaction is represented in the FOM.
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This choice manifests itself in the fact that we override the following virtual functions:
interactionClassToUse(), createEncoder() and createDecoder(). The base class imple-
mentation of interactionClassToUse() asks the FOM mapper for the name of a FOM
class to use. But TestInteraction’s implementation just returns the class name Test. The
base versions of createEncoder() and createDecoder() ask the FOM mapper for
instances of the kind of encoder and decoder that have been registered with it for use
with the Test interaction class. But TestInteraction’s implementations of these functions
just return a new’ed TestEncoder and TestDecoder instance respectively.

In addition, within TestInteraction::addCallback(), we inform the DtExerciseConn’s
interaction factory that it should create an instance of the TestInteraction class to repre-
sent incoming interactions of FOM class Test. This is achieved using DtInteractionFac-
tory’s addCreator() function.

class Testlnteraction : public Dtlnteracti onWthEncDec

{
public:

/1 Blank Constructor - constructs a blank Testlnteraction
/'l ready to be filled out and sent by application code.
/1 Required.

Test I nteraction();

/| Destructor

/1 Not required by VR-Link, but should clearly be witten if

/1 this class has any dynam c data that needs to be cl eaned up.
virtual ~Testlnteraction();

/1 Copy constructor.

/1 Not required by VR-Link, but needed if you will ever want to
/1 copy Testlnteractions.

TestInteraction(const Testlnteraction& orig);

/] Assignment operator.

/1 Not required by VR-Link, but needed if you will ever want to
/1 copy Testlnteractions.

Test I nteracti on& operator=(const Testlnteracti on& orig);

/1 Virtual function override. Should return the name of this C++ class,
/1 which is not necessarily the Interaction C ass name fromthe FOM

/1 Required.

virtual const char* nane() const;

/1 Virtual function override. Prints the data values in the interaction.
/1 Not strictly required, but encouraged, since otherw se calling

/1 print() on an instance of this class with nmerely print raw hex data.
virtual void printData() const;

// R R SR R R S S S S S kS Sk R Sk S Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk S Sk Sk Sk Sk Sk kS kS Sk kS kS kS S S S

/1 Inspector and nutator functions for the interaction class' data.
/1 These will |ook different for each Dtlnteraction subclass.

/1 None are required by VR-Link, but the class will not be

/1 particularly useful without a way to get data in and out in a

/'l typesafe manner.
// R R R R R S S S Sk kS Sk Sk Sk Sk Sk Sk S Sk S Sk Sk Sk Sk Sk kS Sk Sk Sk kS kS kS Sk kS kS S R S S

/1l Set/Get the paraneter named "Number"
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virtual void setNunber(int nun;
virtual int number() const;

/1 Set/Get the paraneter naned "Vector"
virtual void setVector(const DtVectoré& vec);
virtual const DtVector& vector() const;

publi c:

/1 Create and return a new Testlnteraction. Basically a w apper
/1 around the constructor. It is necessary because pointers to
/1 static functions like this can be registered with a

/1 DtlInteractionFactory, but constructors can not.

/1 Required.

static Dtlnteraction* create();

/1 Wappers around Dt Exerci seConn's add/renmpveCal | back functions. Not
/'l required since the DtExerciseConn functions may be used instead, but
/1 strongly encouraged, so that the non-typesafe cast can be linmted to
/1 this one place. In addition, wthin add-callback, we choose to register
/1l the Testlnteraction class with VR-Link, letting VR Link know to create
/1 one of these to represent the right FOM cl ass.
static void addCal | back(Dt Exerci seConn* conn,

TestInteracti onCb cb, void* usr);
static void renmoveCal | back(Dt Exer ci seConn* conn,

TestInteracti onCb ch, void* usr);

protected:

/1 Virtual function override. Returns the name of the FOMclass to use to

Il represent this interaction when sending. It is called fromw thin

/'l set ExConn, when that function is called by Dt ExerciseConn::send.

/1 Implementing this function is required unless you would like to rely on
/1 the default behavior - which is to obtain the class to use fromthe FOM
/1 Mapper. If you choose this option, you must configure the FomVapper so

/1 that it can correctly provide this information.

virtual char* interactionC assToUse(Dt Exerci seConn* exConn) const;

/1 Virtual function override. Creates and returns a decoder to be used by
/'l setFronPhvps to decode a ParaneterHandl eVal uePairSet into this

/1 interaction. Inplenenting this function is required, unless you would
/1 like torely on the default behavior - which is to obtain a new instance
/1 of the right decoder fromthe FOM Mapper. If you choose this option,

/1 you nust configure the FOM Mapper so that it can correctly provide this
/1 object.

virtual Dtlnteracti onDecoder* createDecoder (Dt Exerci seConn* exConn) const;

/1 Virtual function override. Creates and returns an encoder to be used by
/'l phvps to encode the data in this interaction into a

/1 Paramet er Handl eVal uePairSet. Inplenmenting this function is required,

/1 unless you would like to rely on the default behavior - which is to

/1 obtain a new instance of the right encoder fromthe FOM Mapper. |If you
/1 choose this option, you nust configure the FOM Mapper so that it can

/Il correctly provide this object.

virtual Dtlnteracti onEncoder* createEncoder (Dt Exerci seConn* exConn) const;

prot ect ed:

/1 Here, we store the actual data values, in native representation.
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int myNum
Dt Vect or nyVec;
b
Defining Member Functions

Some of the relevant member function definitions are provided below. See testInter.cxx
for the full listing:

/'l Accessor functions are typically pretty straightforward.

void Testlnteraction::setNunber(int num

{
myNum = num
}
int Testlnteraction::nunmber() const
{
return nyNum
}
void Testlnteraction::setVector(const DtVectoré& vec)
{
myVec = vec;
}
const DtVector& Testlnteraction::vector() const
{
return nyVec;
}

void Testlnteraction::addCal | back(Dt Exerci seConn* conn,
TestInteracti onCb ch, void* usr)

{
/] Cast the TestlnteractionCb to the nore general DtReceivelnteractionCh
/1 and pass it along with the FOM cl ass nane to the Dt Exerci seConn who
/1 actually maintains the callback lists for all interaction classes.
conn->addl nt eracti onCal | backByNane(
"Test", (DtReceivelnteractionCbh) ch, usr);
/1 In addition, we choose to register the Testlnteraction class with
/1 VR-Link here, by associating Testlnteraction's create function with the
/1 right FOMclass. By doing this here, we avoid nmaking the user perform
/1 this registration step.
conn->i nteracti onFactory()->addCreator ("Test",
Testlnteraction::create);
}
char* Testlnteraction::interactionC assToUse(Dt Exerci seConn* exConn) const
{
return "Test";
}

Dt I nteracti onDecoder* Testlnteraction::createDecoder (
Dt Exer ci seConn* exConn) const

{
}

return new Test Decoder (exConn, classDesc());

Dt I nteracti onEncoder* Testlnteraction::createEncoder (
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Dt Exer ci seConn* exConn) const

{

}

Notice that the TestInteraction has decided that it will use instances of the classes TestEn-
coder and TestDecoder to map between its representation of its parameters, and the
FOM representation.

return new Test Encoder (exConn, classDesc());

1.4.2. Creating New Encoder and Decoder Functions

TestDecoder, defined in testDec.cxx, is derived from DtlinteractionDecoder. Macros help
out in the declaration and definition of the decoding functions for individual parame-
ters. The “simple” implementation provided by the macros for a decoding function is to
get a pointer to the parameter data from an RTI::ParameterHandleValuePairSet, cast it
to a pointer to an appropriate “Net” type, then pass it to one of the interaction class’s
mutator functions. The implicit cast from the “Net” type to the type expected by the
mutator functions will perform byte swapping if necessary.

The TestDecoder constructor just adds its decoding functions to the base class’s table
using addDecoder().

Note that while decoding functions are implemented as static member functions of the
TestDecoder class, this was not strictly necessary - we could have written them as ordi-
nary global function instead. But by implementing them as static members of the class,
we can take advantage of some VR-Link macros.

cl ass TestDecoder : public DtlnteractionDecoder

{
public:

/1 Constructor
Test Decoder (Dt Exer ci seConn* exConn,
Dt | nterd assDesc* cl assDesc);

/| Destructor
virtual ~TestDecoder();

prot ect ed:

/1 1ndividual paranmeter decoding functions - one for each paraneter.
/1 These macros expand to | ook like this:

/] static void decodeNunber(Testlnteraction* inter,

11 const RTI:: Paranet er Handl eVal uePai r Set & parans, int index);

Dt DECLARE_TEST_PARAM _DECODER( Nunber) ;

Dt DECLARE_TEST_PARAM DECODER( Vect or) ;

}s

/'l Constructor.
Test Decoder : : Test Decoder (
Dt Exer ci seConn* exConn,
Dt I nter Cl assDesc* cl assDesc)
Dt | nt eracti onDecoder (exConn, classDesc)

/1 Register the individual decoding functions for Test's parameters with
/1 object. The decoding functions have nanes |i ke decodeNurmber and
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/| decodeVector. The nacro expands to |l ook like this:

/| addDecoder (" Nunmber", (DtParaneterDecoder) decodeNunber);
Dt ADD_PARAM_DECCDER( Nurnber ) ;

Dt ADD_PARAM DECCODER( Vect or ) ;

}

/1 The Dt DEFI NE_SI MPLE_PARAM DECCDER nmacro can be used to define a "sinple"
/1 decoding function. Expanded, a decoding function |ooks like this:

/1

/1 void Test Decoder:: decodeNunber ( Test | nteraction* inter,

/1 const RTI:: Paramet er Handl eVal uePai r Set & par ans,

/1 int index)

11 {

/1 RTI::ULong length = O;

/1 /1l Get value fromRTlI representation into netVal.

/1 Dt Net I nt 32* netVal = (DtNetlnt32*) parans. getVal uePoi nt er (i ndex,
| engt h);

/1 /] Check for size msmatch

/1 if (length > sizeof (Dt Netlnt32))

/1 {

/1 Dt Warn(" Si ze of val ue decoded for paranmeter % (%l)\n",

/1 "Nunmber", length);

/1 DtWarn(" is larger than size of % (%)\n",

/1 "Dt Net | nt 32", si zeof (Dt Netlnt32));

/1 }

/1 /1 Pass the value to the nmutator function, assuming the "net" type can

/1 /1 be inplicitly cast to the native type expected by the nutator.

/1 i nter->set Nunber (*net Val ) ;

/1 }

Dt DEFI NE_SI MPLE_TEST_PARAM DECODER( Number, Dt Netlnt32, setNunber);

Dt DEFI NE_SI MPLE_TEST_PARAM DECODER( Vect or, Dt Net 64Vector, setVector);

Creating the Encoder Function

TestEncoder, defined in testEnc.cxx, is derived from DtlInteractionEncoder. Macros help
out in the declaration and definition of the encoding functions for individual parame-
ters. (Again, encoding functions are provided as static members of the TestEncoder
class).

The “simple” implementation provided by the macros for an encoding function is to
obtain a value from a particular interaction class inspector function, cast it to the appro-
priate “Net” type, which performs byte swapping if necessary, and adds the value to an
RTI::ParameterHandleValuePairSet for sending.

The TestEncoder constructor just adds its encoding functions to the base class’s table
using addEncoder().

cl ass TestEncoder : public DtlnteractionEncoder
{
public:
/1 Constructor
Test Encoder (Dt Exer ci seConn* exConn,
Dt nterC assDesc* cl assDesc);

/| Destructor
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1.4.3.
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virtual ~TestEncoder();
pr ot ect ed:

/1 1ndividual paranmeter encoding functions - one for each paraneter.
/1 These macros expand to | ook like this:

/1 static void encodeNunber(const Testlnteraction& inter,

11 RTI : : Par amet er Handl eVal uePai r Set * par ans,

11 RTI : : Par anet er Handl e par anHandl e) ;

Dt DECLARE_TEST_PARAM_ENCODER( Nunber) ;

Dt DECLARE_TEST_PARAM _ENCODER( Vect or) ;

b

/1 Constructor.
Test Encoder : : Test Encoder (
Dt Exer ci seConn* exConn,
Dt | nt er d assDesc* cl assDesc)
Dt I nt eracti onEncoder (exConn, cl assDesc)

/'l Register the individual encoding functions for Test's parameters with
/1 object. The encodi ng functions have nanes |ike encodeNunber and
/1 encodeVector. The nacro expands to |look like this:
/1 addEncoder (" Nunmber", (DtParaneterEncoder) encodeNunber);
/1 addEncoder (" Vector", (DtParaneterEncoder) encodeVector);
Dt ADD_PARAM_ENCODER( Number) ;
Dt ADD_PARAM _ENCODER( Vect or) ;
}

/1 The Dt DEFI NE_SI MPLE_PARAM ENCODER macro can be used to define a "sinple"
/1 encoding function. Expanded, a encoding function |ooks like this:
/1 void Test Encoder::encodeNunber (const Testlnteraction& inter,

11 RTI : : Par amet er Handl eVal uePai r Set * par ans,

/1 RTI : : Par anet er Handl e par anHandl e)

11 {

11 Dt Net I nt 32 net Val ;

11 netVal = inter.nunber();

11 par ans- >add( par amHandl e, (char*) &netVal, sizeof(DtNetlnt32));
/1 }

Dt DEFI NE_SI MPLE_TEST_PARAM ENCODER( Number, Dt Net|nt32, number);

Dt DEFI NE_SI MPLE_TEST_PARAM _ENCODER( Vect or, Dt Net 64Vector, vector);

Using the New Class

Once we build the TestInteraction class, and outfit it with a TestEncoder and TestDecoder,
we can use it in an application just like any other Dtlnteraction subclass. In main.cxx, we
create a TestInteraction, fill it out, and send it. We also register a callback on incoming
TestInteractions, and print their contents using the virtual printData() function.

/1 Callback function to be called when a Testlnteraction is received.
void testCb(Testlnteraction* inter, void*)

{
printf("Received Test Interaction!\n");
inter->print();
printf("\n");

}
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mai n()

{
Dt Exer ci seConn conn("Vrl Extend", "Testlnter", (DtFomMVapper*) NULL);

DtTinelnit();

/'l Register the callback on incom ng Testlnteractions.
Test | nteraction::addCal | back(&conn, testCbh, NULL);

while (1)

{
Dt Set Si nili me( Dt AbsReal Ti ne());

conn. drai nl nput ();

/1 Send a Testlnteraction.
Testlnteraction inter;

i nter.setNunber (10);
inter.setVector(DtVector(1.0, 2.0, 3.0));
conn. sendSt anped(inter);

Dt Sl eep(1.0);

}

After you build the testInter example, run two copies of it. You should see them
communicating with each other. Each should print TestInteractions received from the
other.
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The code in the testObj example explains the steps you need to take when you add a
new object class to your FOM. You need to extend the VVR-Link top-level API by
adding a new kind of state repository, publisher, reflected object, and reflected object
list. You also need to create mappings between the new FOM class and the API exten-
sions.

For this example, we added an object class called Test to the FED file VrlExtend.fed. It
has two attributes:

+ Number, which is represented as a 32-bit float
+ Vector, which is represented as an array of three 64-bit doubles.

To work with these additions we need to:

1. Create a new subclass of DtStateRepository, called TestStateRepository, to hold the
state of a new object of this kind. (See testSR.h and testSR.cxx.)

2. Create new subclasses of DtObjectPublisher, DtReflectedObject, and DtReflectedOb-
jectList. Most of their functionality is in their base classes, but the derived classes
provide an important element of type safety by localizing casts from base
DtStateRepositories to our new TestStateRepository subclass. (See testPub.h,
testPub.cxx, refTest.h, refTest.cxx, refTestList.h and refTestList.cxx.)

3. Create TestEncoder and TestDecoder classes, subclasses of DtHlaStateEncoder and
DtHIaStateDecoder respectively. These classes contain encoding and decoding func-
tions for the attributes of the Test object class. (See testDec.h, testDec.cxx, testEnc.h
and testEnc.cxx.)

While this may seem like a lot of classes to create, most of them are fairly trivial because
they inherit most of their behavior from base classes, and you can use the files in ./exam-
ples/testObj as templates from which to create your own classes.

Creating a New State Repository

We first create a new subclass of DtStateRepository called in TestStateRepository, in
testSR.h and testSR.cxx. This class is used to store the state of both local and reflected
objects of our Test class.

The class definition is listed below. We provide inspector and mutator functions to
access the state data, an override of the virtual printData() function that prints the
current state data, and an override of the virtual clone() function that returned a new’ed
instance of this class. We represent state data in the same way as in the FOM, but this is
not strictly necessary. We could perform a non-trivial conversion in FOM mapping
code instead.

cl ass TestStateRepository : public DtStateRepository
{
public:

/1 Default constructor
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Test St at eReposi tory();

/'l Destructor
virtual ~Test StateRepository();

/1 Copy constructor
Test St at eReposi tory(const Test St at eRepository& orig);

/'l Assignnent operator
Test St at eReposi t ory& oper at or =(const Test St at eRepository& orig);

/1 Return an enpty object of the sane type as this. Required.
virtual Dt StateRepository* clone() const;

/1 Virtual function override. Prints the data values in the state

/'l repository. Not strictly required, but encouraged, since otherw se

/1 calling print() on an instance of this class with merely print raw hex
/1 data.

virtual void printData() const;

IV SRR R EEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

/1 Inspector and nmutator functions for the object's state data.
/1l These will look different for each DtStateRepository subclass.
/1 None are required by VR-Link, but the class will not be

/1 particularly useful without a way to get data in and out in a
/1 typesafe manner.

IV SRR RS EEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

/] Set/Get the attribute named "Nunber"
virtual void setNunber(int nun);
virtual int nunber() const;

/] Set/Cet the attribute named "Vector"
virtual void setVector(const DtVector& vec);
virtual const DtVector& vector() const;
pr ot ect ed:
/1l Here, we store the actual data values, in native representation.
int myNum
Dt Vect or myVec;
b

Here are the definitions of the various nmenber functions:

voi d Test St at eReposi tory:: set Nunber (i nt num

{
myNum = num
}
int TestStateRepository::nunber() const
{
return nmyNum
}
voi d Test St at eReposi tory:: setVector(const DtVector& vec)
{
nmyVec = vec;
}
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const DtVector& Test St ateRepository::vector() const

{
return nyVec;
}
Dt St at eReposi tory* Test St at eRepository::clone() const
{
return new Test St at eRepository();
}
voi d Test StateRepository::printData() const
{
printf("Nunber: %\ n", nunber());
/1 DtVector has a string() nenmber function to get a printable string.
printf("Vector: 9%\n", vector().string());
}

Creating New Publisher, Reflected Object, and Object List Classes

Next, we need to create subclasses of DtObjectPublisher, DtReflectedObject DtReflected-
ObijectList for our Test objects.

Technically, these classes are not strictly necessary. We can do just about everything we
need to using the base classes, but then we would need to configure each instance of
those base classes with the appropriate FOM classes, state repositories, encoders, and
decoders every time we create one. By subclassing, we encapsulate the configuration of
each base class for our new object type into one place. In addition, we hide the casting
from base DtStateRepositories to the derived TestStateRepository, so that application code
that uses our derived classes will be able to automatically obtain pointers to TestStateRe-
positories.

We derive TestPublisher from DtObjectPublisher in testPub.h and testPub.cxx:

class TestPublisher : public DtObjectPublisher

{
public:
/1 Constructor - configure base class with proper FOMclass, state
/'l repositories, encoder and decoder.
Test Publ i sher (Dt Exer ci seConn* conn, const char* obj Name = NULL);
/1 destructor
virtual ~TestPublisher();
/1 Returns a pointer to the TestStateRepository - through
/1 which you can set current state information.
virtual TestStateRepository* testStateRep();
/1 Synonym for testStateRep()
virtual TestStateRepository* tsr();
H

As you can see, this class just configures its base class properly in its constructor, and
provides type safety in accessing its state repository:

Test Publ i sher: : Test Publ i sher (
Dt Exer ci seConn* conn, const char* obj Name)
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Dt Obj ect Publ i sher (
conn, new Test Stat eRepository(), new Test StateRepository())

{
/] setH aObject is defined in the base Dt ObjectPublisher. Pass the FOM
/1 class nanme, and an encoder and decoder. These objects will be del eted
/1 by the base class on destruction.
const char* className = "Test";
Dt Obj C assDesc* desc = conn->fon()->obj Cl assByNanme(cl assNane) ;
set H a(bj ect (cl assNane, new Test Encoder (conn, desc),
new Test Decoder (conn, desc), obj Nane);
}
Test St at eReposi tory* Test Publ i sher::testStateRep()
{
return (TestStateRepository*) stateRep();
}
Test St at eRepository* Test Publisher::tsr()
{
return (TestStateRepository*) stateRep();
}

Creating the Reflected Object Class

Reflected Test performs similar tasks on the incoming side. In addition to the
testStateRep() and tsr() functions, the class provides type-specific versions of the list
management functions next(), prev(), wrapNext(), and wrapPrev(), and of the postUp-
date callback registration functions.

This class is derived from DtReflectedObject in refTest.h and refTest.cxx:

class ReflectedTest : public DtRefl ectedbject

{
public:

/1 constructor
Ref | ect edTest (Dt H aObj ect* obj, Dt ExerciseConn* conn);

/| destructor
virtual ~ReflectedTest();

/1 Returns a pointer to the TestStateRepository, through which you can
/'l inspect current state information.
virtual TestStateRepository* testStateRep() const;

/1 Synonym for testStateRep()
virtual TestStateRepository* tsr() const;

/'l Functions to get the next and previous objects in the list. The "wap"
/1 functions cycle to the beginning/end of the list.

virtual ReflectedTest* next() const;

virtual ReflectedTest* prev() const;

virtual ReflectedTest* wrapNext() const;

virtual ReflectedTest* wrapPrev() const;

/] Registration/deregistration of postUpdate call backs.
virtual void addPost Updat eCal | back(

Test Cal | backFunction cb, void* userData);
virtual void renpvePost Updat eCal | back(

MAK VR-Link Developer’s Guide 7-29



FOM Agility Examples — Creating New Publisher, Reflected Object, and Object List Classes

7-30

Test Cal | backFunction cb, void* userData);

}s

The implementations of these functions are trivial, in most cases calling down to base
class versions, and performing a cast between a specific and a general type:

Refl ect edTest :: Refl ect edTest (Dt H aCObj ect* obj, DtExerci seConn* conn)

Dt Ref | ect edQbj ect (conn, new Test St at eRepository())
{

set H a(bj ect (obj, new Test Decoder (conn, obj->cl assDesc()));

}

Test St at eReposi tory* Refl ectedTest::testStateRep() const
{

}

return (Test StateRepository*) nyStateRep;

Test St at eReposi tory* ReflectedTest::tsr() const

{
return (TestStateRepository*) nyStateRep;

}

Ref | ect edTest* Refl ectedTest::next() const

{ return (ReflectedTest*) DtListedObj::next();
}

Refl ect edTest* Refl ectedTest::prev() const

{ return (ReflectedTest*) DtListedObj::prev();
}

Refl ect edTest* Refl ectedTest:: w apNext() const

{
}

return (ReflectedTest*) DtListedObj::w apNext();

Ref | ect edTest* Refl ectedTest::wapPrev() const

{
}

return (ReflectedTest*) DtListedObj::wapPrev();

voi d Refl ectedTest: : addPost Updat eCal | back(
Test Cal | backFunction cb, void* userData)
{
baseAddPost Updat eCal | back(
(Dt Ref | ect edObj ect Cal | backFuncti on) cb, userData);
}

voi d Refl ectedTest: : renpvePost Updat eCal | back(
Test Cal | backFunction cb, void* userData)
{
baseRenovePost Updat eCal | back(
(Dt Ref | ect edObj ect Cal | backFuncti on) cb, userData);
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Creating a Reflected Object List Class

After we create a Reflected Test class, we need to create a Reflected TestList class that knows
how to create and manage Reflected Tests. This class is derived from DtReflectedObjectList
in refTestList.h and refTestList.cxx:

class ReflectedTestList : public DtReflectedObjectList

{
public:

/1 Constructor
Ref | ect edTest Li st ( Dt Exer ci seConn* exConn) ;

/| destructor
virtual ~ReflectedTestList();

/1 The followi ng public functions are not required by VR-Link, but they are
/'l strongly recomended. The functions call down to base class versions,
/1 and cast to and from nore generic types.

/1 Look up object by identifier.
virtual ReflectedTest* | ookup(RTI:: ObjectHandl e id);

/'l Look up object by nane (gl obal object designator).
virtual ReflectedTest* | ookup(const Dt obal Obj ect Desi gnat or & obj Nane) ;

/1l Get the first/last object in the Iist.
virtual ReflectedTest* first() const;
virtual ReflectedTest* |ast() const;

/1 Functions that allow a user to register callbacks that will be called
/'l when "Test" objects are added and renpved fromthe |ist.

/'l Registration/deregistration of object addition callbacks
virtual void addTest AdditionCal | back(

Test Cal | backFunction cb, void* userData);
virtual void renpveTest AdditionCal | back(

Test Cal | backFunction cb, void* userData);

/] Registration/deregistration of object renoval call backs
virtual void addTest Renoval Cal | back(

Test Cal | backFunction cb, void* userData);
virtual void renpveTest Renoval Cal | back(

Test Cal | backFunction cb, void* userData);

pr ot ect ed:

/1 Override of virtual function that the base class uses to create the
/1 appropriate kind of DtReflectedObject. Here, we create a Refl ectedTest.
virtual DtRefl ectedObject* newRefl ect edObj ect (Dt H aObj ect* obj) const;

b

Defining Functions

Definitions of these functions are very straightforward, and rely mostly on the base class
versions, as follows:

Ref |l ect edTest Li st:: Refl ect edTest Li st (
Dt Exer ci seConn* exConn)
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Dt Ref | ect edQbj ect Li st (exConn)

{
/1 Tell the base class that we will be managing the FOM cl ass "Test".
addObj ect G assByNane(" Test");

}

Refl ect edTest* Refl ectedTestList:: | ookup(RTIl:: ObjectHandl e id)

{
return (ReflectedTest*) | ookupCbj (id);

}

Ref | ect edTest* Refl ect edTest Li st:: | ookup(
const Dt d obal Obj ect Desi gnat or & obj Nane)

{

return (ReflectedTest*) | ookupCbj (obj Narne) ;
}
Ref | ect edTest* Refl ectedTestList::first() const
{

return (ReflectedTest*) firstQbj();
}
Refl ect edTest* Refl ectedTestList::last() const
{

return (ReflectedTest*) |astObj();
}

voi d Refl ectedTest Li st::addTest Addi ti onCal | back(
Test Cal | backFunction cb, void* userData)
{
addObj ect Addi ti onCal | back(
(Dt Ref |l ect edObj ect Cal | backFunction) cb, userData);

}

voi d Refl ectedTestList::renmpveTest Addi ti onCal | back(
Test Cal | backFunction cb, void* userData)
{
removeObj ect Addi ti onCal | back(
(Dt Ref | ect edObj ect Cal | backFuncti on) cb, userData);

}

voi d Refl ectedTestList::addTest Renoval Cal | back(
Test Cal | backFunction cb, void* userData)
{
addObj ect Renoval Cal | back(
(Dt Ref | ect edObj ect Cal | backFunction) cb, userData);

}

voi d Refl ectedTestList::renmpveTest Renpval Cal | back(
Test Cal | backFunction cb, void* userData)

{
removeObj ect Renoval Cal | back(
(Dt Ref |l ect edObj ect Cal | backFunction) cb, userData);

}

Dt Ref | ect edObj ect* Refl ect edTest Li st:: newRef | ect edbj ect (
Dt H aCbj ect* obj) const

{
return new Refl ectedTest (obj, nyExConn);

}
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TestPublisher, ReflectedTest, and Reflected TestList hard-code their own FOM mapping
information, rather than relying on the default behavior, which is to obtain it from the
FOM mapper. We do this because it make things simpler, by saving us the step of
configuring the FOM mapper with mappings for our new class. But this choice means
that it would be more difficult to change the way this kind of interaction is represented
in the FOM.

Specifically, the TestPublisher and Reflected Test constructors tell their base classes what
kinds of encoders and decoders to use. The TestPublisher constructor chooses its own
class to use to represent its objects, and the Reflected TestList constructor chooses what
FOM classes to manage.

Creating Encoder and Decoder Classes

We now turn to the TestEncoder and TestDecoder classes, the encoder and decoder whose
use is dictated by TestPublisher and Reflected Test.

Creating the Decoder Class

TestDecoder is defined in testDec.h and testDec.cxx, as shown below. Macros help out in
the declaration and definition of decoding functions, which are implemented as static
member functions of TestDecoder. The TestDecoder constructor self-registers its
decoding functions.

cl ass TestDecoder : public DtH aStateDecoder

{
public:

/1 default constructor
Test Decoder (
Dt Exer ci seConn* exConn,
Dt Obj O assDesc* cl assDesc);

/| destructor
virtual ~TestDecoder();

pr ot ect ed:

/1 Individual attribute decoding functions - one for each attribute.
/'l These macros expand to | ook like this:

/] static void decodeNunber (Test St at eReposi tory* stat eRep,

/1 const RTI::AttributeHandl eVal uePairSet& attrs, int pairSetlndex)

Dt DECLARE_TEST_ATTR_DECODER( Nurber ) ;
Dt DECLARE_TEST_ATTR_DECODER( Vect or ) ;
}

/'l Default constructor
Test Decoder : : Test Decoder (

Dt Exer ci seConn* exConn,

Dt Obj C assDesc* cl assDesc) :

Dt H aSt at eDecoder (exConn, cl assDesc)
{

/1 Register the individual decoding functions for Test's attributes with
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}

/1

/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

/1 the object. The decodi ng functions have nanmes |ike decodeNunber and
/1 decodeVector. The nmacro expands to |l ook like this:

/1 addDecoder (" Nunber", (DtAttributeDecoder) decodeNumnber);

Dt ADD_ATTR_DECODER( Number) ;

Dt ADD_ATTR_DECODER( Vect or) ;

Decodi ng functions

The Dt DEFI NE_SI MPLE_ATTR DECODER macro can be used to define a "sinple"
decodi ng function. Expanded, a decoding function |ooks like this:

voi d Test Decoder: : decodeNunber ( Test St at eReposi t ory* st at eRep,
const RTI::AttributeHandl eVal uePairSet& attrs,

int index)
{
RTl:: ULong |l ength = O;
/1 Get value from RTI representation into netVal.
Dt Net I nt 32* netVal = (DtNetlnt32*) attrs.getVal uePoi nter (i ndex,
| engt h);
/'l Check for size mismatch
if (length > sizeof (Dt Netlnt32))
{
Dt Warn(" Si ze of val ue decoded for attribute % (%l)\n",
"Nurber ", |ength);
DtWarn(" is larger than size of % (%l)\n",
"Dt Net I nt 32", sizeof (DtNetlnt32));
}
/1 Pass the value to the nmutator function, assuming the "net" type can
/1 be inplicitly cast to the native type expected by the nutator.
st at eRep- >set Nunber (*net Val ) ;
}

Dt DEFI NE_SI MPLE_TEST_ATTR _DECODER( Nunber, Dt Net U32, set Number);

Dt DEFI NE_SI MPLE_TEST_ATTR_DECODER( Vect or, Dt Net 64Vector, setVector);

Creating The Encoder Class

The TestEncoder class is implemented similarly, in testEnc.h and testEnc.cxx, but it
contains checking functions in addition to encoding functions:

cl ass TestEncoder : public DtH aStateEncoder

{

publi c:

/1 default constructor
Test Encoder (
Dt Exer ci seConn* exConn,
Dt Obj G assDesc* cl assDesc);

/1 destructor
virtual ~TestEncoder();

prot ect ed:

/1 1ndividual attribute encoding functions - one for each attribute.
/1l This macro expands to |l ook like this:
/1 static void encodeNunber (const Test StateRepository& rep,
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/1 RTI:: Attri but eHandl eVal uePairSet* attrs,
/1 RTI:: AttributeHandl e attrHandl e)

Dt DECLARE_TEST_ATTR_ENCODER( Nurnber) ;

Dt DECLARE_TEST_ATTR_ENCODER( Vect or) ;

/1 Individual attribute checking functions - one for each attribute.

/1 This macro expands to |l ook like this:
/| static DtBool ean needNurber (const Test St at eRepository& rep,
/1 const Test St at eRepository& asSeenByRenot e) ;

Dt DECLARE_TEST_ATTR_CHECKER( Nunber) ;
Dt DECLARE_TEST_ATTR_CHECKER( Vect or) ;
b
Test Encoder : : Test Encoder (
Dt Exer ci seConn* exConn,
Dt Obj O assDesc* cl assDesc)
Dt H aSt at eEncoder (exConn, cl assDesc)

{
/'l Register the individual encoding and checking functions for Test's
/] attributes with the object. The encoding functions have nanes |ike
/'l encodeNunber, while checking functions have nanmes |ike needNunber.
/1 macros expands to |ook like this:
/1 addEncoder (" Nunmber", (DtAttributeEncoder) encodeNunber);
/1 addChecker ("Nunber", (DtAttributeChecker) needNunber);
Dt ADD_ATTR_ENCCDER( Nunber ) ;
Dt ADD_ATTR_ENCCDER( Vect or) ;
Dt ADD_ATTR_CHECKER( Nunber) ;
Dt ADD_ATTR_CHECKER( Vect or) ;
}

/1 Encoding functions

Dt DEFI NE_SI MPLE_TEST_ATTR_ENCODER(
Nurber, Dt Net U32, nunber);

Dt DEFI NE_SI MPLE_TEST_ATTR_ENCODER(
Vector, Dt Net64Vector, vector);

/| Checking functions

Dt DEFI NE_SI MPLE_TEST_ATTR_CHECKER(
Nunber, numnber);

Dt DEFI NE_SI MPLE_TEST_ATTR_CHECKER(
Vector, vector);

1.5.4. Using the New Classes in An Application

The

Once all of these classes are set up, they can be used in applications just like VR-Link’s

normal publishers, reflected object lists, and reflected objects, as in main.cxx:

mai n()

{
Dt Exer ci seConn conn("Vrl Extend", "TestObj", (DtFomvapper*) NULL);
DtTinelnit();

/Il Create a reflected test |ist
Ref | ect edTest Li st rtl (&conn);
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/!l Create a test publisher
Test Publ i sher pub(&conn);

/! Grab a pointer to its state repository
Test St at eRepository* tsr = pub.tsr();

/] Set some data
tsr->set Vector (Dt Vector(1,2,3));

/! Run the main loop for 20 seconds
Dt Ti me begi nTime = Dt AbsReal Ti nme();
whil e (Dt AbsReal Time() < beginTine + 20.0)

{
Dt Set Si nili me( Dt AbsReal Ti me() ) ;
conn. drainl nput ();
/1 Print the state of the first object in the list:
if (rtl.first())
{
rtl.first()->tsr()->printData();
}
/'l Change the value of "Nunber" once a second
tsr->set Nunber ((int) DtGetSinTinme());
/1 Tick the publisher, causing data to be sent when necessary.
pub. tick();
/1 Sleep till next iteration
Dt Sl eep(0. 2);
}

}

After you build the testObj example, run two copies of it. You should see each print out
state data that it receives from the other.
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VR-Link’s protocol-independent interface provides the functionality most simulations
need to interact with a DIS exercise. However, some applications need greater control
over DIS parameters. This chapter describes VR-Link’s DIS-Specific interface.

This chapter covers the following topics:

Working With PDUS .........ccoceiiviie v
Sending PDUS......c.cccovviiciee e,
ReCeIVING PDUS .....ccoviiieic e
Inspecting and Setting Data in A PDU Header
Getting a PDU’s Network Representation.........
DtPdu CONSLIUCLOrS......cvveveieierieeesiesieieiisieees
(D1 2o V]2 1ot (o] V2SRRI
Using External Buffers in a PDU Class.............
Copying PDUS......ccoviieireeeeeee e
Obtaining An Object ID .......ccooevvviiiiiiinne

Working With Non-Standard PDUs......................
Using DtUnknownPdu ........c.cccoeeveiviiciinnen.
Deriving Classes from DtPdU ..........ccccovvervenenne.

Configuring Your Connection to the DIS Network
DtExerciseConn CoNnstructors..........ccoceeeerunee.
Configuring a DtNetSocket...........cccocvvvevenene.
Configuring a DtClientSocket...........ccccovenenne.
Subscribing to Multicast Addresses...................
Filtering PDUS ......coooiviiiiiec e
Bundling and Unbundling PDU Packets..........
Sending and Receiving Packets Using DtSocket

Intercepting Incoming Entity State PDUs...............
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If your application is intended for both DIS and HLA, or if you plan to add

this support in the future, enclose your DIS-specific code within a
preprocessor directive pair to ensure that it will not be compiled when you

try to build for HLA:

#if ! Dt HLA
/1 DI S-specific code
#endi f
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8.1. Working with PDUs

Protocol Data Units (PDUs) are the mechanism through which DIS applications send
data. VR-Link’s DtPdu class, defined in pdu.h, is used to represent DIS PDUs. DtPdu is
an abstract base class. All PDU classes are derived from DtPdu. Every interaction
supported by VR-Link has an interaction PDU. For example fire interactions are repre-
sented by DtFirePdu. Interaction PDUs that have HLA counterparts are derived from
Dtlinteraction, an essentially empty class, which is in turn derived from DtPdu. We have
provided typedefs so that you can refer to, for example, a DtFirePdu as a DtFirelnterac-
tion in protocol-independent code.

All DIS 2.0.3, 2.0.4 (IEEE1278.1), and 2.1.4 (IEEE1278.1a) PDUs have PDU classes
implemented in VR-Link. Since there are nearly 70 PDUs, we do not describe all of
their inspectors and mutators in this manual.

You can find descriptive information about many of the PDU classes in VR-
Link Reference Manual.

The derived PDU classes provide mutator and inspector functions to set and examine
the values of PDU fields. Header information is accessed through DtPdu member func-
tions. In general, an inspector function has the same names as the field being inspected,
and returns the value it is inspecting, for example DtEntityStatePdu::entity Type().
Mutator functions have the same names, preceded by the word “set”, for example,
DtEntityStatePdu::setEntity Type().

Please see the header files in VR-Link Reference Manual for the exact prototypes of all
PDU class member functions. In this manual, Appendix A, Guide to VR-Link Header
Files contains tables that associate class names with their header files.

. Sending PDUs

The procedure for sending a PDU is identical to the procedure for sending interactions,
described in “Sending Interactions,” on page 5-11. This section contains additional
DIS-specific information.

You send PDUs using DtExerciseConn's send() or sendStamped() functions. send-
Stamped() sends a copy of the PDU that has the exercise ID and timestamp fields in the
PDU header set to the DtExerciseConn’s exercise 1D, and the current time. send() leaves
the PDU header unmodified.

The following example shows how to create and send a Transmitter PDU:

Dt Exer ci seConn exchange(...);

/'l Create a DtTransmtterPdu

Dt Transmitter Pdu pdu;

/1 Fill the PDUw th data

pdu. setEntityld(DtEntityldentifier(1,2,3));
pdu. set Radi ol d(4) ;

pdu. set Transni t St at e( Dt On) ;
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8.1.2.

/1 Send to the exercise
exConn. sendSt anped( pdu) ;

Normally, send() and sendStamped() send the PDU to the DtExerciseConn’s default
destination IP address (see “Creating an Exercise Connection for DIS,” on page 5-5 for
details). However, the functions have an optional argument that specifies a different
destination address. For example, to send a PDU to the machine with address
207.86.232.1, use:

exConn. sendSt anped( pdu, Dt StringTol net Addr ("207. 86.232.1"));

Applications usually send interactions PDUs as described in this section.
They usually use DtEntityPublisher to manage the sending of entity state
PDUs.

Receiving PDUs

Applications handle incoming PDUs through callbacks. The process for receiving
PDUs is virtually identical to that described in “Receiving Interactions,” on page 5-12.
This section has additional DIS-specific information.

As described in the Chapter 5, The Protocol-Independent Interface, a callback is regis-
tered with VR-Link using a PDU class’s static addCallback() function, and within the
callback function, you can use the PDU class’s inspector functions to examine the fields
of the PDU.

The DIS version of DtExerciseConn has callback registration and
unregistration functions called addPduCallback() and removePduCallback().
However, these functions are meant to be used only by a PDU class’s static
addCallback() function, and not directly by application code. If an
application uses the DtExerciseConn functions directly, then the PDU class
never gets registered with the DtPduFactory (this occurs within a PDU class's
addCallback() function), and VR-Link will not be able to correctly create
instances of the class to pass to your callback functions. See “DtPduFactory,”
on page 8-10 for more information.
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More Control Over Receiving PDUs

Most applications use VR-Link’s callback mechanism to handle incoming PDUs,
leaving the job of actually reading the PDUs and dispatching them to the callbacks to
DtExerciseConn’s drainlnput(). However, to give you more flexibility and control over
reading PDUs from the network, DtExerciseConn provides access to the functions used
by drainlnput().

drainlnput() works by repeatedly calling readAndProcess(). readAndProcess() tries to
read a single PDU from the network using netRead(), then passes the PDU to
processPdu(), from which all callbacks are invoked. Any of these functions can be used
by application code, instead of calling drainInput().

Using the netRead() Function

netRead() tries to read a packet from the network, constructs an instance of a PDU
class from the network representation, and returns it.

If you use netRead() directly, note the following considerations:

+ For efficiency reasons, successive calls to netRead() return DtPdus that all use the
same buffer for their network representations. Applications must delete the DtPdu
returned by netRead() before another call to netRead() is made. Otherwise, the
previous DtPdus are trashed. Using readAndProcess() (or drainlnput()) ensures that
each DtPdu is deleted before the next call to netRead(), which is why it is safer to
use these two functions.

+ Because PDU filtering based on PDU kind is done at the DtSocket level (before the
packets get to netRead()), if filtering is enabled, netRead() returns only those kinds
of PDUs for which interest has been registered. If you are using netRead(), you
should either turn filtering off with DtExerciseConn::disableFiltering(), or use
DtExerciseConn::addInterestinPduKind() to explicitly register interest in the kinds
of PDUs you would like to receive.

+ When a typical application calls a PDU’s addCallback() function, the PDU class
registers itself with DtExerciseConn. Registration allows DtExerciseConn to know
which type of derived DtPdu to create to represent an incoming PDU of a partic-
ular kind. If you are using netRead() and not using addCallBack(), make sure that
all PDU classes you want to use are registered with DtPduFactory. For more infor-
mation, see “DtPduFactory,” on page 8-10.
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The optional return code argument to netRead() is a pointer to a return code that is set
depending on the results of the netRead() operation as follows:

+ If a PDU was successfully read, retCode is set to DtINET_READ_SUCCESS. If
there are no PDUs to be read, retCode is set to DINET_READ_NO_PACKETS,
and NULL is returned.

«+ If the DtExerciseConn is connected to a Packet Server through a DtClientSocket, and

a packet is received that represents a control message from the Packet Server, rather
than a DIS PDU, retCode is set to DINET_READ_SERVER_MSG.

+ If data is read, but it is not a PDU of the correct DIS version,
DtNET_READ_BAD_PACKET is indicated.

« If the PDU length field conflicts with the actual size of the packet, the packet is
rejected with status DINET_READ_SIZE_MISMATCH.

So, an application can use netRead() as follows:

Dt Exer ci seConn exConn(...);

int ret Code;
while (1)

{
Dt Pdu* pdu = exConn. net Read( &r et Code) ;

if (retCode == Dt NET_READ_SUCCESS)
/1 do sonething with the PDU
del ete pdu;
}
Using the readUntil() Function

readUntil() is similar to drainlnput() in that it repeatedly reads and processes PDUs,
but it returns when predicate() returns true when called on the PDU being processed,
or after timeout seconds, whichever happens first. If timeout seconds elapse, it returns
DtOtherPduKind. Otherwise, it returns the kind of the PDU that caused the predicate to
return true. predicate() is a function you provide that has the following signature:

int predicate(DtPdu *pdu, void *arg);
readUntil()’s signature is as follows:

Dt PduKi nd readUntil (Dt Predi cate predicate, void* arg,
Dt Time timeout, DtTine sleepTine);

The arg argument passed to readUntil() is passed as the arg argument to predicate() each
time it is called.

If no PDU is available to be read, then readUntil() will sleep for sleepTime seconds
before polling the socket again. A timeout less than 0 causes readUntil() to poll contin-
uously, without sleeping.
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8.1.3. Inspecting and Setting Data in A PDU Header

The DtPdu class provides several functions to inspect and set the data in a DIS PDU’s
header. Other fields of the various PDUs are accessed through member functions of the
classes derived from DtPdu.

The following DtPdu member functions return the values of their respective fields in
the PDU's header:

+ protocolVersion()

+ exerciseld()

+ kind()

+ protocolFamily()

+ length().

protocolFamily() is not available when linking with libvl3, because it was not
a field in DIS 2.0.3 headers. The DtPduKind and DtProtocolFamily
enumerations are in disEnums.h.

Other functions for setting and returning data are described in Table 8-1:

Table 8-1: DtPdu member functions

Function Description

timeStamp() Returns a floating point number representing the time (in seconds
past the hour) that is encoded in the PDU’s time stamp. For more
information, see “Timestamps,” on page 3-18.

timeStampType() Returns either DtTimeStampRelative or DtTimeStampAbsolute,
depending on the type of the PDU’s timestamp. For more informa-
tion, see “Timestamps,” on page 3-18.

setExerciseld() Sets the value of the exercise ID field of the PDU’s header to id.

setTimeStamp() Sets the PDU’s timestamp to time modulo 3600, and the times-
tamp type to relOrAbs. Time is the time in seconds at which the
PDU’s data is to be considered valid. rel0rAbs must be either
DtTimeStampRelative or DtTimeStampAbsolute. The default is
DtTimeStampRelative. For more information, see “Timestamps,” on

page 3-18.
setVersion() Sets the value of the Protocol Version field.
print() Prints the entire contents of a PDU in human readable form,

including header and data, by calling printHeader() followed by
printData(). This is the function used by the netdump utility to print
the contents of PDUs. printHeader() prints the information
contained in the PDU’s header, while printData() is a virtual func-
tion that prints the data below the header. The base class version
of printData() prints the data in hexadecimal format.
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8.1.4.

8.1.5.

Other header information is set at the time the DtPdu is constructed, and cannot be set
later. For details, see “DtPdu Constructors,” on page 8-8.

Getting a PDU’s Network Representation

DtPdu::packet() returns a pointer to a buffer containing the network representation of
the PDU - the exact bytes that would be sent onto the network if you were to send a
DtPdu at any given time. This is a pointer to an internal buffer which, in most circum-
stances, you should not try to modify. Use member functions to set values for particular
fields.

However, if you want to directly change the data that will go out to the network, you
can modify a network representation. If you choose to do so, it is your responsibility to
keep the data consistent and to ensure that the buffer represents a valid PDU.

This will only work for those DtPdu classes that store their current data in
their network representation buffer, (as opposed to storing it in some other
representation and merely converting to network representation when
packet() is called). While this has been the chosen implementation for all
PDU classes so far, we might choose other implementations in the future.

DtPdu Constructors

Since DtPdu is an abstract class, you cannot directly create an instance of a DtPdu. You
can only create instances of classes derived from DtPdu.

All PDU classes have at least two constructors, a blank PDU constructor, and a from-
network-representation constructor.

Constructing a Blank PDU

The blank PDU constructor constructs a blank, minimal PDU. By minimal, we mean
that for variable length PDUs the size is equal to the smallest size that a PDU of that
type can legally have. For example, a DtDataPdu created with the blank PDU
constructor will have zero fixed datum fields and zero variable datum fields; a DtEnti-
tyStatePdu so created will contain zero articulated parts. By blank, we mean that all
bytes of the PDU below the header typically contain zeros (although in some cases
other values more accurately represent the concept of a field being blank).
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PDU Header Information

When a blank PDU is constructed, the protocol version is set to the value of the VR-
Link global variable DtProtocolVersionToSend, (declared in pdu.h). DtProtocolVersionToSend
defaults to 5 (IEEE 1278.1) if you're building with DtDISVERS=5 and to 3 (DIS
2.0.3) if you're building with DtDISVERS=3.

If you want to indicate 4 (DIS 2.0.4) set DtProtocolVersionToSend to 4; to indicate DIS
2.1.4/1EEE 1278.14, set it to 6.

PDU kind and protocol family depend on what type of PDU class you are creating
(based on the value returned by the virtual function internalGetPduKind() which must
be defined for each derived PDU class). The length is the PDU’s minimal length, as
defined above. The exerciseld and time stamp are zero.

There is an optional buffer argument to the blank PDU constructor. In most cases, you
can ignore this argument and use the default, DtUSE_INTERNAL_BUFFER. Blank
DtPdu’s are constructed as follows:

Dt Fi rePdu pdu();
or simply
Dt Fi rePdu pdu;

Alternate uses of the buffer argument are outlined in “Using External Buffers in a PDU
Class,” on page 8-11.

The blank PDU constructor is typically used when creating PDUs that you are sending.
After creating the PDU, you can use its member functions to set the various data, then
pass it to DtExerciseConn::sendStamped() for sending.

Constructing a PDU from a Network Representation

The from-network-representation constructor takes a pointer to a network representa-
tion of a PDU as an argument, and constructs a DtPdu object, which represents this
PDU. By network representation, we mean a buffer containing the exact bytes that
would be used to represent the PDU on the network.

It is rare that an application will need to directly use the from-network-representation
constructor for a DtPdu. It is most commonly used only by a DtPduFactory, which is
used by DtExerciseConn after receiving a packet from the network in order to construct
the PDU class object that is passed to application callbacks.

Like the blank PDU constructor, the from-network-representation PDU class
constructor has an optional buffer argument. This argument is used in the same way as
the buffer argument to the blank PDU constructor, and is discussed in “Using External
Buffers in a PDU Class,” on page 8-11.

Each of the PDU class from-network-representation constructors requires as an argu-
ment a network representation of specifically that type of PDU. For instance, the
DtFirePdu constructor specifically requires a DtNetFirePdu.
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8.1.6.

8-10

When constructing a DtPdu from a network representation through a PDU class
constructor, the argument passed must be a valid network representation of a PDU.
The status() member function may be used to determine whether a DtPdu represents
valid data after construction. If status returns DtSTATUS_OK, it represents valid data.
Otherwise, results of using the DtPdu are undefined. The meaning of the value
returned by status depends on the type of PDU, and is meant to give some indication
of why the PDU representation is invalid.

Currently, status is not verified by all DtPdu constructors. Therefore, a status of
DtSTATUS_OK does not necessarily mean that a PDU is valid. However, a status
other than that means that the PDU is not valid.

To construct a DtPdu object from a network representation of a PDU whose type you
do not know, you can use a DtPduFactory (defined in pduFactory.h) — specifically, its
createPdu() member function.

DtPduFactory

A DtPduFactory implements a kind of “virtual construction”, by maintaining a table of
associations between PDU kinds and functions that create a corresponding PDU class
object.

The createPdu() function checks the PDU kind in the packet, then passes it and the
buffer argument to the right creator function from the table. The creator in turn, is just
a wrapper around the appropriate PDU class from-network-representation constructor
(a constructor itself can't be added to a table). A pointer to the newly constructed object
is returned by createPdu().

If the PDU kind in a packet does not have an individual PDU class implemented (that
is, there’s no creator registered with the DtPduFactory for the PDU kind), a DtUn-
knownPdu is created. See “Using DtUnknownPdu,” on page 8-14.

A pointer to the PDU factory that a DtExerciseConn uses to create PDU class objects
can be obtained using DtExerciseConn::pduFactory().

Given a buffer containing the network representation of a PDU (perhaps you read it
from a file), you can use this DtPduFactory to construct the right type of PDU class as
follows:

Dt Exer ci seConn exConn(...);

/1 buffer contains the network representati on of sone PDU
char *buffer = ...;

/1 Grab a pointer to our DtExerciseConn's DtPduFactory

Dt PduFact ory* fact = exConn. pduFactory();

// Cast the buffer to a Dt NetPacket* before passing it to
/1l createPdu to indicate you are treating it as the network
Il representation of a PDU.

Dt Pdu* pdu = fact->creat ePdu( (Dt Net Packet*) buffer);
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8.1.7.

createPdu() rejects packets (returns NULL) that have a protocol version less than
DtProtocolVersionToRecvMin or greater than DtProtocolVersionToRecvMax. These are global
variables declared in pdu.h. When using DtDISVERS=5, these default to 4 and 6
respectively so that DIS 2.0.4 (IEEE 1278.1) and 2.1.4 (IEEE 1278.1a) PDUs are
accepted. When using DtDISVERS=3, both default to 3 so that only DIS 2.0.3 PDUs
are accepted.

By default, a DtExerciseConn creates an empty DtPduFactory, one that is not aware of
any associations between PDU kinds and PDU classes. However, when you call a PDU
class’s addCallback() function, that class registers itself with the exercise connection’s
PDU factory. If you are using DtPduFactory, and are not using VR-Link’s PDU callback
mechanism, you must register creator functions with the DtPduFactory for all PDU
classes you might want to work with.

Each PDU class has a static member function called create(), which can serve as that
PDU's creator function. These creator functions have the following signature:

Dt Pdu *create(const Dt Net Packet *initial,
Dt Buf ferPtr buffer = Dt USE_| NTERNAL_BUFFER) ;

So, for example, to change a DtExerciseConn’s DtPduFactory so that it will create a
DtEntityStatePdu to represent PDU kind number 10, you can do this:

Dt Exer ci seConn exConn(...);

exConn. pduFact ory() - >addCr eat or ( Dt PduKi nd( 10),
Dt EntityStatePdu::create);

A NULL creator function can be added for a PDU kind to indicate that there is no
PDU class for that kind and DtUnknownPdu should be used instead.

Using External Buffers in a PDU Class

Each DtPdu object stores a network representation of the PDU it represents. It is a
pointer to this network representation that is returned by packet(). Normally, the
memory used for this network representation is allocated internally by the PDU class
constructor and deleted by the destructor.

In some cases, you might want a specific area of memory to be used by the DtPdu class
for storage of its network representation (for example, memory from the stack, or from
a shared memory pool. For this purpose, all PDU class constructors have an optional
buffer argument. Users can cast a pointer to a particular area of memory to a
DtBufferPtr and pass it as the buffer argument to indicate that a DtPdu should store its
network representation there:

char buffer[144];

/1 construct blank PDU, but use buffer to store network

/] representation
DtEntityStatePdu pdu(DtBufferPtr(buffer));
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8.1.8.

8-12

However, the most common reason why we would want to have a DtPdu use an
external buffer for storage of its network representation is increased efficiency. When
constructing a DtPdu from a network representation of a PDU, if you specify that the
memory already occupied by the network representation be used by the PDU to store
its network representation, a buffer copy may be avoided, for example:

Dt Net Fi rePdu* net Packet = ...... ;

Dt Fi rePdu( net Packet, DtBufferPtr(netPacket));
In fact, this is what DtExerciseConn does when it creates a PDU class object. It reads a
packet from the network into a buffer, then instructs the PDU class object to use this
buffer for its network representation. The data does not need to be copied into a buffer
internal to the DtPdu.

There are four considerations to keep in mind when passing a pointer to external
memory to the blank DtPdu constructor:

« It is your responsibility to insure that this external buffer is large enough to accom-
modate the largest network representation that this particular DtPdu object will
need.

« Itis your responsibility to insure that the lifetime of the buffer memory extends for
the lifetime of the DtPdu.

+ Once you pass a buffer pointer to a DtPdu constructor, it belongs to the DtPdu
object for the duration of its lifetime. Modifying the buffer will result in undefined
behavior when later using the DtPdu’s mutator or inspector functions.

+ This memory will NOT be freed by the DtPdu object; since it was allocated by the
application, it is the application’s responsibility to free it.

Copying PDUs
DtPdu has the copy constructor and assignment operator overloaded. When you do an
assignment, such as:

Dt Fi rePdu pdul, pdu2;
pdul = pdu2;

pdul now contains the same data as pdu2. The two objects do not, however, share any
data objects.

As with the standard PDU class constructors, the DtPdu constructor has an optional
buffer argument. (See “Using External Buffers in a PDU Class,” on page 8-11.)

In all cases,

Dt Fi rePdu pdul;
Dt Fi rePdu pdu2(pdul, buffer);

has the same effect as

Dt Fi rePdu pdul;
Dt Fi rePdu pdu2(buffer);
pdu2 = pdul;
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8.1.9. Obtaining An Object ID

In addition to the functions described in “DtExercissConn Member Functions,” on
page 5-7 there is DIS-specific function - nextld(). nextld() obtains an ID for use with
an entity (or other object) that you are simulating. nextld() returns an object of the type
DtObijectld, defined in hostStructs.h.

You can choose your own entity I1Ds rather than obtain them using nextld().

DtObjectld is typedefed to DtEntityldentifier (defined in hostStructs.h) — a class that
represents the DIS identification triplet of site 1D, application number, and entity
number. DtObjectID is used rather than DtEntityldentifier or RT1::ObjectID() when we
want to refer to an identifier in a protocol-independent fashion.

The DIS version returns an identifier consisting of the DtExerciseConn’s site and host,
and an entity number that is one greater than the one returned in the previous call to
nextld(). There is no guarantee that the entity ID is unique in the DIS exercise.

8.2. Working With Non-Standard PDUs

Many VR-Link users need to use PDUs that are not part of the DIS standard, and thus
not implemented in VR-Link. However, VR-Link can work with user-defined PDUs
just like it treats PDUs that are implemented in VR-Link.

There are two ways to work with user-defined PDUs:

+ Use DtUnknownPdu to represent your type of PDU
+ Derive a class from DtPdu.

Using DtUnknownPdu is sometimes easier for simple PDUs that can be represented by
C-style structures. In essence, the DtUnknownPdu just serves as a wrapper around such
a structure. Deriving your own DtPdu class requires some extra work up front, but it is
easier to use in your application, especially if it's a variable-length PDU, or one that has
several variants.
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8.2.1. Using DtUnknownPdu
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A DtUnknownPdu (defined in unknownPdu.h) can be used to represent a PDU for
which there is no PDU class. This includes new or experimental PDUs that you
develop.

To send a PDU using the DtUnknownPdu class:

1. Fill a buffer with the exact bytes you want to send on the network (probably by
filling in a C-structure). Make sure this structure includes the DIS PDU header
whose structure is defined in pduHeader.h (in the include/packets directory).

By using our “Net” types, such as DtNetInt32 (defined in NetTypes.h), you insure
platform independence. When you are on little endian machines, byte swapping is
performed when assigning to a Net type, and when a Net type is implicitly cast to a
native type.

2. Pass this network representation to the DtUnknownPdu from-network-representa-
tion constructor.

3. Send the PDU using the normal DtExerciseConn::sendStamped().

For example, suppose you create a Test PDU with two fields called a and b. We will
choose PDU kind number 220 to represent this PDU:

/1 Define the structure of your network representation
typedef struct Net TestPdu
{
Dt Net PduHeader header;
Dt Net I nt 32 a;
Dt Net I nt 32 b;
} Net Test Pdu;
/1 Create an instance of the structure and fill in the net
/'l representation
Net Test Pdu net Pdu;
net Pdu. header . version = 5;
net Pdu. header . Dt Exer ci se = 1;
net Pdu. header . Dt Ki nd = 220

net Pdu. a = 10;

net Pdu. b = 11;

/1l Create a DtUnknownPdu fromthis network representation
Dt UnknownPdu pdu( ( Dt Net PduHeader *) &net Pdu) ;

/1 Send the PDU as you normally woul d

exConn. sendSt anped( pdu) ;

On the receiving side, DtUnknownPdu does not have addCallback() or removeCall-
back() functions, since a DtUnknownPdu does not know what PDU kind you are inter-
ested in. But you can still register callbacks with the DtExerciseConn on a particular
PDU kind, in our case 220. Note the cast of the integer 220 to a DtPduKind enum
here.

exConn. addPduCal | back( Dt PduKi nd(220), testCallback, NULL);
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Since 220 is not a PDU kind that VR-Link knows about, it will create a DtUn-
knownPdu when it receives a packet of that kind and pass that to your callback func-
tion. You can cast the DtPdu* to a DtUnknownPdu* within your callback if you want
to, but it’s not necessary since the only useful thing you can do with a DtUnknownPdu
is get its network representation, which is done through a DtPdu member function.

voi d testCall back(Dt Pdu* pdu, void *usr)

{
/1l Get the PDU s network representation, and cast it to a
/1 NetTestPdu structure, so that you can access the data
Net Test Pdu* net Pdu = pdu->packet ();
int a = netPdu->a;
int b = netPdu->b;
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8.2.2. Deriving Classes from DtPdu
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VR-Link’s DtExerciseConn::send() and DtExerciseConn::sendStamped() can send any
type of PDU, as long as the object passed to it is of a type derived from DtPdu. So, in
order to send user-defined PDUs, you can write a derived class, after which you can
immediately use your derived class with these functions.

When DtExerciseConn receives a packet from the network, it creates an object of the
appropriate class derived from DtPdu, based on the PDU type in the packet. For
instance, a DtEntityStatePdu is created if a packet representing an Entity State PDU is
received. For this reason, VR-Link needs to know that your derived class exists. Regis-
tration of your class with VR-Link is usually done in your PDU class addCallback()
function.

The following example creates a variable length PDU. The TestPdu class represents a
hypothetical variable-length “Test PDU” - one that has three fields: an integer named
“a”, a variable-length array of integers named “b” whose cardinality is the value of “a”,
and a float called c. The code for this example is in vrlink/examples/extend/testPdu.

To derive a class from DtPdu:

1. Create the PDU layout, a structure that is used for the network representation of
the PDU. (Network representations for all of the VR-Link PDUs, are in the
include/packets directory.)

By using our “Net” types, such as DtNetInt32 (defined in NetTypes.h), you ensure
platform independence. When you are on little endian machines, byte swapping is
performed when assigning to a Net type, and when a Net type is implicitly cast to a
native type.

The first field in all network representations should be a DtNetPduHeader.

If you are creating a fixed-length PDU, the structure should describe the entire
layout of the PDU. Since this PDU is variable length, it is not possible to fully
describe the PDU layout.

Define as much of the network representation structure as is possible with a C-style
structure. The cardinality of “b” in the structure doesn't matter, since we’ll only be
casting buffers to pointers to this structure, and not creating instances of the struc-
ture or relying on its size. We won't be able to access “c” at all through the structure,
since it comes after the variable length array “b”. We will have to use byte-arith-
metic to reach “c”.

typedef struct Net TestPdu
{
Dt Net PduHeader header;
Dt Net I nt 32 a;
Dt Net I nt 32 b[1];
} Net Test Pdu;
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2. Extend the DtPduKind enumeration, adding our chosen value. This is the number
that ends up in the PDU header’s kind field.

The value you choose for PDU kind should not be one that is used by any other
PDU. We recommend a value between 220 and 255.

const Dt PduKi nd TestPdu Ki nd = Dt PduKi nd(220);

3. Create a type called TestPduCh. Functions of this type can be registered as callbacks
to be called on receipt of TestPDUs. Forward declaration of TestPdu is necessary
first.

cl ass Test Pdu;
typedef void (*TestPduCb) (TestPdu* pdu, void* usr);

4. Create the TestPdu class definition.

— Each class derived from DtPdu must have the two standard constructors
possessed by all PDU classes (see “DtPdu Constructors,” on page 8-8). Your
DtPdu can have additional constructors, but it must have the two standard ones.

— PDU classes need to provide a definition for the virtual function internalGet-
PduKind(), which returns the PDU kind value being used for this type of PDU.

— Your class should provide the static member functions addCallback() and
removeCallback() for callback management, and the static member function
create(), that returns a new instance of the class.

— Most DtPdu sub-classes provide inspector and mutator functions to examine and
set the fields of your PDU, but VR-Link does not require that you do so.

The definition for the TestPdu class might look like this:

/1 Define the TestPdu cl ass.
class TestPdu : public DtPdu

{
public:

/1 Blank constructor - constructs a blank TestPdu ready to
/1 be filled out and sent by application code. Required.

Test Pdu(Dt Buf fer Ptr buffer = Dt USE_| NTERNAL_BUFFER) ;
/1 From network-representation constructor. Constructs a PDU from an
/1 already-filled-out buffer containing the exact bytes that represent this
/1l type of PDU. This constructor is used by VR-Link (through the static
/] create function) to create an instance of this class from
/1 PDU data received fromthe network. Required.

Test Pdu(const Net Test Pdu *initial,
Dt Buf ferPtr buffer = Dt USE_| NTERNAL_BUFFER) ;

/1 Destructor - Not required by VR-Link, but should be witten if this class
/1 has any dynami c data that needs to be cl eaned up.

virtual ~TestPdu();

/'l Copy constructor. Not required by VR-Link, but needed if
/1 you will ever want to copy TestPdus.
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Test Pdu(const Test Pdu& orig);

/1 Assignment operator. Not required by VR-Link, but needed if
/1 you will ever want to copy Test Pdus.
Test Pdu& oper at or=(const Test Pdu& ori g);
/1 Virtual function override. Prints the data values in the PDU. Not strictly
/1 required, but encouraged, since otherwi se calling print() on an instance of
/'l this class will nerely print raw hex data.
virtual void printData() const;
/1 1nspector and mutator functions for the PDU class’'s data. These will | ook
/1 different for each DtPdu subcl ass. None are required by VR-Link, but the
/1 class will not be particularly useful without a way to get data in and out
/'l in a typesafe manner.
Il Set/Get the value of a.
virtual void setA(int val);
virtual int a() const;
/] Set/Get the index'th elenent of the "b" array.
/1 (Alternatively, we could have created setB() and b()
/1 functions that set or returned the whole array all at once.)
virtual void setB(int index, int val);
virtual int b(int index) const;
/1 Set/Get the value of c.
virtual void setC(float val);
virtual float c() const;
/!l Returns a pointer to the PDU s network representation by
/1 casting the value returned by the base class’ packet()
/1 function to a NetTestPdu. We include both const and non-const versions.
/1 These functions are optional, but they make it easier to wite
/1 inspectors and nutators.
virtual Net Test Pdu* net Test Pdu();
virtual const NetTestPdu* netTestPdu() const;
publi c:
/Il Create and return a new TestPdu. Basically a wrapper
/1 around the constructor. It is necessary because pointers to
/1 static functions like this can be registered with a
/1 DtPduFactory (which tells VR-Link how to construct an
/1 instance of a particular kind of PDU), but constructors can not. Required.
static DtPdu* create(const DtNetPacket *initial,
Dt Buf ferPtr buffer = Dt USE_| NTERNAL_BUFFER) ;
/1 Wappers around Dt Exerci seConn’s add/renoveCal | back
/1 functions. Not required since the Dt ExerciseConn functions
/1 may be used instead, but strongly encouraged, so that the
/'l non-typesafe cast can be linmited to this one place. In
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/] addition, wthin addCall back, we choose to register this

/'l class's create function with VR-Link, letting VR Link know
/'l to create one of these to represent the right PDU kind. |f
/1 this is not done within addCall back, it must be done

/] explicitly by application code that uses this class.

static void addCal | back(Dt Exerci seConn *conn, TestPduCb cb, void *usr);
static void renoveCal | back(Dt Exer ci seConn *conn, TestPduCb cb, void *usr);

pr ot ect ed:

/1 Virtual function override. Returns the PDU kind associ at ed
/1 with this PDU class. This value goes in the header of all
/'l instances of this PDU class. Required.

virtual DtPduKind internal Get PduKi nd() const;

Defining the Blank PDU Constructor

Define the blank PDU constructor as follows:

Test Pdu: : Test Pdu( Dt Buf fer Ptr buffer)
Dt Pdu()
{
int mnimlSize = sizeof (Dt Net PduHeader) + sizeof (DtNetlnt32) +
si zeof (Dt Fl oat 32) ;
i ni t Pdu(m ninal Si ze, buffer);

}

Test Pdu: : Test Pdu( Dt Buf ferPtr buffer)
Dt Pdu()

{

int mnimlSize = sizeof (Dt Net PduHeader) + sizeof (DtNetlnt32) +
si zeof (Dt Fl oat 32) ;
i nitPdu(m nimal Si ze, buffer);

}

The size passed to initPdu() is the size of the smallest legal TestPdu; that is, one with
zero elements in the array b. The size of the PDU is therefore the size of the header plus
the size of the DtNetInt32 field “a” plus the size of the DtNetFloat32 field “c”.

initPdu() is a member of the base class DtPdu, and it handles allocating memory for the
network representation of the PDU, and other related items.

If this was a fixed-length PDU, the size would be the size of the NetTestPdu
structure.

Defining the From-Network-Representation Constructor

The from-network-representation constructor should look like this:

Test Pdu: : Test Pdu(const Net Test Pdu *initial, DtBufferPtr buffer)
{

}

initPdu(initial, buffer);
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Defining internalGetPduKind()

Our definition of internalGetPduKind() should return the value 220, which we are
using for our TestPdu.

Dt PduKi nd Test Pdu: : i nt er nal Get PduKi nd() const

{
/1 W defined TestPduKind in testPdu.h as Dt PduKi nd(220).

return Test PduKi nd;

Implementing the create() Function

You can implement the create() function as follows:

Dt Pdu* Test Pdu::create(const Dt NetPacket *initial, DiBufferPtr buffer)
{

/1 Return a new ed instance of this class.
return new Test Pdu((Net TestPdu *) initial, buffer);

}
Implementing Callback Registration Functions

The callback-related functions should look like this:

voi d Test Pdu: : addCal | back( Dt Exer ci seConn *conn, TestPduCb cb, void *usr)

{
/! Register this class’ create function with the Dt ExerciseConn’s
/1 pduFactory so that the Dt ExerciseConn will know to create an instance of
/1 this class to represent incom ng PDUs of the appropriate kind. If this
/1 is not done here, the user of this class will have to explictly register
/1 the class with the PDU factory hinsel f.
conn->pduFact ory() - >addCr eat or ( Test PduKi nd, Test Pdu::create);
/1 Cast the TestPduCb to the nore general DtPduCall backFcn and pass it
/1 along with the PDU kind to the DtExerci seConn who actually maintains the
/1 callback lists for all PDU ki nds.
conn->addPduCal | back( Test PduKi nd, (Dt PduCal | backFcn) cb, usr);

}

voi d Test Pdu: : renpveCal | back( Dt Exerci seConn *conn, TestPduCb cb, void *usr)

{
/'l Cast the TestPduCb to the nore general DtPduCall backFcn and pass it
/1 along with the PDU kind to the Dt Exerci seConn who actually naintains the
/1 callback lists for all PDU ki nds.
conn->removePduCal | back( Test PduKi nd, (DtPduCal | backFcn) cb, usr);

}
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Writing Mutator and Inspector Functions

For a fixed-length PDU, writing mutator and inspector functions is fairly straightfor-
ward. A pointer to the PDU’s network representation is stored in a DtPdu member and
can be obtained using DtPdu::packet(). The void* returned must be cast to a pointer to
your network representation structure before fields are examined and set within your
accessors. We define the function netTestPdu() to perform this cast. In our test PDU
example, we can then use this function to obtain a pointer to the PDU’s network repre-
sentation structure.

When you write mutators for variable length PDUEs, like the testPdu example, you need
to call one of the following DtPdu member functions every time you change the size or
layout of the PDU:

+ insertBytes()
+ deleteBytes().

In addition, you may need to do some pointer arithmetic to access certain fields of the
PDU that cannot be accessed through members of the static structure.

insertBytes() inserts the indicated number of blank (zeroed) bytes at the desired offset
into the PDU’s network representation.

deleteBytes() deletes the desired number of bytes, starting with the indicated offset.

These functions handle reallocating the memory for the network representation if
necessary, and will also make sure the size field in the header is updated to reflect the
new size.

Since a represents the number of elements in the array b, we must insert or delete bytes
from the PDU layout whenever we change a through its mutator.

Mutator for A
The code does the following:
1. Gets the old value of “a”.

2. Either push down or pull up the rest of the PDU data depending on whether the
value of “a” is increasing or decreasing.

3. Set the value of the “a” field.

void TestPdu::setA(int val)

{
int oldA = a();

if (val > ol dA)
{
i nsert Byt es(&(net Test Pdu() ->b[ ol dA]),
(val - oldA)* sizeof(DtNetlnt32));
}
else if (val < oldA)
{
del et eByt es(&(net Test Pdu()->b[val]), (oldA - val) *
si zeof (Dt Net | nt 32) ) ;
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net Test Pdu()->a = val;
}
Implement the Inspector for A

Implement the inspector:

int TestPdu::a() const

{
}

return net Test Pdu() - >a;

Implement the Inspector and Mutator for B

1. Our b and setB() functions should take an index into the array, so that we know
which element to inspect or set. We can do some bounds checking if we want:

2. Either do bounds checking, then set the index'th element of the “b” array to val, or
do bounds checking, then return the index’th element of the “b” array.

voi d TestPdu::setB(int index, int val)

{

if (index < 0 || index = a())

{
printf("TestPdu::setB(): index out of range.\n");
return;

}
net Test Pdu()->b[i ndex] = val;

}

int TestPdu::b(int index) const

{

if (index <0 || index = a())

{
printf("TestPdu::b(): index out of range.\n");

return O;

}

return net Test Pdu()->b[i ndex] ;

}
Implement the Inspector and Mutator for C

The inspector and mutator for the ¢ field must do some pointer arithmetic to find
where the data is stored, since it can't be accessed through the structure.

voi d Test Pdu::setC(fl oat val)
{

/1 We can find "c" after the last elenment of "b".
Dt Net Fl oat 32* net C = (Dt Net Fl oat 32*) &(net Test Pdu()->b[a()]);

/1 val will be inmplicitly cast to a Dt NetFl oat 32.
*netC = val ;

}

float TestPdu::c() const

{

/1 We can find "c" after the last elenment of "b".
Dt Net Fl oat 32* net C = (Dt Net Fl oat 32*) &(net Test Pdu()->b[a()]);
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// netCwll be inplicitly cast to a native float.
return *netC

8.3. Configuring Your Connection to the DIS Network

8.3.1.

As described in “Connecting to Exercises,” on page 5-4, a DtExerciseConn serves as an
application’s connection to a DIS or HLA exercise. The DIS version is defined in dExer-
ciseConn.h.

A DIS DtExerciseConn uses a DtSocket, defined in Socket.h, as its low-level interface to a
virtual network. DtSocket is an abstract class whose virtual functions DtSend() and
DtRecv() allow you to send and receive a packet of data among applications without
regard to the actual communication mechanism used. Subclasses of DtSocket imple-
ment different methods of communication and take different configuration parameters.

For example, a DtNetSocket (defined in NetSocket.h) is used when a DtExerciseConn
wants to communicate directly with an IP/UDP network. A DtClientSocket (defined in
ClientSocket.h) is used when we wish to communicate through the VR-Link packet
server.

DtExerciseConn Constructors

DtExerciseConn has several constructors. Two of them create a DtSocket based on their
arguments, and the third takes an existing DtSocket as an argument.

All constructors take an exercise 1D as an argument. The exercise ID is copied into the
header of outgoing PDUs when sendStamped() is used, and is used for filtering of
incoming PDUs as well. Only those PDUs on the matching exercise are passed to the
application by the exercise connection. If a DtExerciseConn’s exercise 1D is set to zero, it
will read and process PDUs from all exercises. However, PDUs should never be sent to
exercise zero, so exercise 1D zero should usually be used only in applications that are
listen-only. Once a DtExerciseConn is constructed, you can change or examine the
current exercise 1D with setExerciseld() and exerciseld().

Standard Constructor
The standard DtExerciseConn constructor (described in “Creating an Exercise Connec-
tion for DIS,” on page 5-5):

+ Checks to see if a packet server is running on the specified UDP port

+ Creates a DtClientSocket to communicate with it if there is one

+ Creates a DtNetSocket to communicate directly to the network if there isn't.
In either case (when the packet server is not in internal mode), the DtExerciseConn
receives any unicast or broadcast packets destined for the machine on the specified port,

and, by default, sends packets to the broadcast address of the machine’s primary
network interface (when no address is specified in a call to send() or sendStamped()).
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A Constructor that Takes A Destination Address

The second DtExerciseConn constructor is similar to the first, but in addition to the
four arguments expected by the standard constructor, it takes a destination address. The
destination address is used as the default IP address to which outgoing packets are sent.
It can be a unicast, multicast or broadcast address.

For example, to indicate that packets should be sent only to the machine with the
address 207.86.232.1:

Dt Exer ci seConn( 3000, DtStringTol net Addr("207.86.232.1"));

In this case, we will still receive packets destined for our broadcast and unicast
addresses.

Using A Secondary Network Device

This constructor is also useful when you want to use a device other than a machine’s
primary network device. Pass the broadcast address associated with the desired device as
the destination address.

The two devices must be on different networks. There is no way for a UDP
socket to distinguish between two devices on the same network.

A Constructor that Takes A Pointer to A DtSocket

The third DtExerciseConn constructor takes a pointer to a DtSocket, and thus gives you
full control of how the DtSocket is created. You can even derive your own type of
DtSocket and pass an instance of it to a DtExerciseConn. (Perhaps you would like to
create a SharedMemorySocket.) In this case, the socket is not deleted by the DtExercise-
Conn object. Because it is allocated by the user, it is the user’s responsibility to delete it.
However, the user must not delete the DtSocket until after the DtExerciseConn has been
destroyed.

See the following sections for more configuration information. Once a DtExerciseConn
is constructed, its socket() member function will return a pointer to the DtSocket it is
using.
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8.3.2.

8.3.3.

Configuring a DtNetSocket

If you create your own DtSocket before passing it to a DtExerciseConn, you have several
additional configuration choices.

If you are constructing a DtNetSocket, (defined in NetSocket.h), that class’s constructors
take a flags argument in addition to the port and destination address arguments
described above. Flags can be a bitwise OR of zero or more of the following:
+ DtRead
DtWrite
DtReadWrite
DtQuiet
DtBindToDestAddr.

*

*

*

*

By default, a DtSocket, and therefore a DtExerciseConn, can be used for both reading
and writing to the network. But by creating a DtNetSocket using either the DtRead or
DtWrite flag alone, you can create a read-only or write only connection. For example:

Dt Net Socket sock(3000, DtWite);
Dt Exer ci seConn conn(&sock, 1, 1, 1);

The DtQuiet flag keeps the constructor from printing its startup diagnostics.

The DtBindToDestAddr flag configures the socket to listen for only those packets destined
for exactly the address specified as the destination address. For example, if you want to
receive packets on a certain multicast address only, but not broadcast packets or unicast
packets directed to your machine, you can specify the desired address as the destination
address, and use DtBindToDestAddr:

Dt Net Socket sock(3000, DtStringTol net Addr("225.5.6.7"),

Dt Bi ndToDest Addr | Dt ReadWite);
Dt Exer ci seConn conn(&sock, 1, 1, 1);

Configuring a DtClientSocket

A DtClientSocket, defined in ClientSocket.h, is a DtSocket that sends and receives packets
with the help of the VR-Link packet server. Depending on the state of the packet server,
packets may be sent to and received from the network or may be passed only among the
server’s clients on the local host.

The constructor tries to establish communication with the VR-Link Packet Server
running on the specified port. If there is no server running on the port, there is a fatal
error. To avoid a fatal error, an application can check whether a server is alive before
attempting to create a DtClientSocket using the C-style function DtPacketServer-
IsAlive(), declared as follows:

i nt Dt Packet ServerlsAlive(int port);
For example:

Dt Socket *skt;
if (DtPacket ServerlsAlive(disPort))
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{
}

el se

{

}

In addition to the port and destination address arguments described in the DtExercise-
Conn section, DtClientSocket takes two additional optional arguments:

skt = new Dt Qi ent Socket (di sPort);

skt new Dt Net Socket (di sPort);

+ Asize (in bytes) for the queue through which the packet server passes incoming
messages

+ A flags argument, which is a bitwise OR of zero or more configuration flags. See
ClientSocket.h for the list of valid flags.

When using a DtClientSocket, you can use the function isinternal() to find out if the
packet server you are connected to is in internal mode or not.

Communicating Across Networks

Normally, DIS PDUs are sent using broadcast or multicast UDP. When using broad-
cast, a PDU is sent once with a network’s broadcast address as its destination address,
and all machines on that network can receive the message. Similarly, when a PDU is
sent using multicast, all machines on the network that are subscribed to that multicast
address can receive the PDU.

Most routers, bridges, and gateways filter out multicast and broadcast traffic. This is
usually true even for routers between subnets on the same LAN. So using ordinary
broadcast or multicast, applications on different LANS, or different subnets cannot
communicate.

If you are using multicast, and your applications are on different subnets on the same
LAN, configuring your network hardware so that it will forward multicast packets from
subnet to subnet will usually be enough to get DIS applications on the different subnets
to communicate with each other. If you have applications on different LANs on a
WAN, you would have to configure all routers separating the two LANS, so that none
of them filter out multicast packets. This is usually not feasible, especially when your
WAN:Ss are part of the Internet, and not connected only to each other.

When using broadcast, the physical blocking of packets from flowing between networks
is only half of the problem. Even if your packets could physically get from one network
to another, they would likely be ignored by the intended receivers. The reason is that
different networks (even different subnets) usually have different broadcast addresses.
So a packet that contains network A's broadcast address as its destination address, will
not be interpreted by machines on network B as a broadcast packet, and will therefore
be ignored.
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For these reasons, multicast and broadcast are usually not feasible when you want to
communicate across networks. The alternative is unicast, or point-to-point, that is,
sending a packet directly to the address of the recipient. (Unfortunately, this requires
knowing the addresses of all participants in an exercise, which is not necessary when
using broadcast or multicast.)

VR-Link contains a kind of DtSocket called DtGroupSocket (groupSocket.h) that allows
you to send PDUs to many different unicast addresses with a single call to its sending
functions. To communicate with exercise participants on other networks:

1. Create a DtGroupSocket.

2. Configure the DtGroupSocket with the IP addresses of all participants (including
yourself).

3. Instruct the DtExerciseConn to use this DtGroupSocket instance. You can add IP
addresses to a DtGroupSocket using its addRemoteSite() member function.

For example, if you are running an exercise over a WAN with participants at the
following IP addresses: 123.123.123.123, 124.124.124.124, and 125.125.125.125,
configure your connection to the DIS network as follows:

/1 Port nunmber is optional. Default is 3000

Dt G- oupSocket sock(3000);

socket . addRenpt eSi t e(Dt St ri ngTol net Addr (" 123. 123. 123. 123");

socket . addRenpt eSi t e(Dt St ri ngTol net Addr (" 124. 124. 124. 124");
socket . addRenpt eSit e(Dt St ri ngTol net Addr (" 125. 125. 125. 125");

/1 Now tell the DtExerciseConn to use this as its socket
Dt Exer ci seConn conn(&sock, 1, 1, 1);

The addresses that you add are really just addresses that packets will get sent to. Broad-
cast addresses can be used here, if desired. If you have several applications on each of
several different LANS, you can save bandwidth on each LAN by replacing the
addRemoteSite() calls for local machines in each application with a single call, speci-
fying the local LAN’s broadcast address. A single broadcast packet will be sent for the
local LAN instead of a copy being sent for each local machine. Truly remote addresses
still have to be added individually.
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8.3.4. Subscribing to Multicast Addresses

8-28

DtExerciseConn allows subscription to one or more multicast addresses. Valid multicast
addresses are those that lie between 224.0.0.0 and 239.255.255.255, but you should
probably not use any that start with 224.0.0, in order to avoid potential conflict with
addresses used by operating systems and network services.

Not all platforms support multicast.

Interest in a particular multicast address is indicated using DtExerciseConn::addInter-
estinMcastAddr(). When a multicast group is no longer of interest, call subtractinter-
estinMcastAddr().

Different code modules may add and subtract interest in a particular group indepen-
dently. As long as the number of calls to addInterest() outnumbers calls to subtractint-
erest() for a particular group, packets on that multicast address are received.

> To send to a particular multicast address, include that address as the destAddr argu-
ment to send() or sendStamped().

You do not have to be subscribed to a multicast address in order to send to it.

If the destination address passed to a DtExerciseConn constructor is a multicast address,
you do not need to call addInterest() for that address. You will automatically be
subscribed.

On many platforms, multicast subscription works on a per-host basis, rather
than on a per-application basis. This means, that if you have several
applications listening to the same port on the same machine, and one of
them subscribes to a particular multicast address, all of the applications will
receive packets on that multicast address, even if they did not explicitly
subscribe.

If there are several routers on your network between machines that are exchanging
PDUs using multicast, it may be necessary to increase the Time To Live (TTL) for
outgoing multicast packets, to insure that the packets are actually forwarded across the
routers. This can be achieved using DtSocket::setMcastTtl().
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8.3.5.

8.3.6.

Filtering PDUs

A DtExerciseConn can instruct its DtSocket to filter out PDUs based on certain criteria.
In this way, unwanted PDUSs require no processing by the DtExerciseConn. This is espe-
cially valuable if the DtExerciseConn is using a DtClientSocket connected to a packet
server. Filtering is then done in the asynchronous packet server, which may be running
on a different processor than your application.

By default, packets that are not of an expected protocol version and packets whose exer-
cise 1Ds do not match the exercise 1D of the DtExerciseConn are filtered out. Expected
protocol versions are those between the values of the global variables DtProtocolVersi-
onToRecvMin and DtProtocolVersionToRecvMax, declared in pdu.h. These parameters
default to 4 and 6 respectively, if you are building with DtDISVERS=5 (so that we
accept DIS 2.0.4 (IEEE 1278.1) and 2.1.4 (IEEE 1278.1a) PDUs), and to 3 and 3 if
you are building with DtDISVERS=3 (so that we accept DIS 2.0.3 PDUs only).

In addition, the DtExerciseConn maintains a list of all PDU kinds in which it is inter-
ested. This includes all PDU kinds on which callbacks have been registered, as well as
any PDU kinds in which an interest has been explicitly added using DtExercise-
Conn::addInterestinPduKind(). (subtractinterestinPduKind() removes interest in a
PDU kind). The DtExerciseConn’s DtSocket filters out all PDU kinds in which it has no
interest. The DtPduKind enumeration is in disEnums.h.

Filtering can be turned on and off with DtExerciseConn’s functions disableFiltering()
and enableFiltering().

Bundling and Unbundling PDU Packets

VR-Link supports the bundling of multiple PDUs into a single network packet, and
the unbundling of such packets into their constituent PDUs.

Bundling is off by default, but can be turned on using DtSocket’s setBundling() func-
tion. Pass to it the desired maximum size for a packet. When bundling is on, a sequence
of packets passed to a DtSocket’s DtSend() function (for example, from DtExercise-
Conn::sendStamped()), are concatenated together. The bundle is passed to
DtSocket::send To() whenever a packet would push the bundle size beyond maxSize.

A good choice for maxSize is the maximum size of the data portion of an ethernet
packet: 1464 bytes. If you are using a networking scheme other than ethernet, use the
maximum packet size for that scheme. Bundling is turned off by passing a maxSize of 0
to setBundling().

If you turn on bundling, other participants in your simulation must be able
to unbundle the packes.

You can force sending of the current bundle with DtSocket::flush(). If you are using
bundling, flush() should be called at the end of each simulation frame, to ensure that all
packets generated during a frame get sent before the next frame begins.
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isBundling() returns 0 if bundling is off; otherwise it returns the maximum bundle size.

Unbundling is enabled by default, but it can be turned on or off by passing 0 or 1 to
DtSocket::setUnbundling(). With unbundling on, when a packet arrives containing
more than one PDU, successive calls to DtRecv() (the call made by DtExercise-
Conn::netRead()) return successive PDUs from the packet. On the next call to
DtRecv() after the last PDU from a packet has been returned, the first PDU from the
next packet is returned.

If unbundling is disabled, but a bundled packet is received, all but the first PDU in the
packet is ignored.

When you are using the packet server, unbundling takes place in the server. So for
DtClientSockets, setUnbundling() merely instructs the packet server to turn unbundling
on. Since another DtClientSocket might turn unbundling on or off in your client’s
packet server unbeknownst to you, it is possible that your DtClientSocket will unbundle
when you have turned unbundling off with setUnbundling() or vice versa.

8.3.7. Sending and Receiving Packets Using DtSocket

A DtSocket is an object through which packets can be sent to and received from other
applications, without regard to the actual communications mechanism used.

Sending Packets

There are two functions involved in the sending of packets: DtSend() and sendTo().
sendTo() is a virtual function that, in derived classes, does the actual sending of the
data. DtSend() performs any processing common to all DtSockets (such as bundling)
before passing data on to sendTo() for actual sending.

A buffer, the number of bytes to send, and an optional address are passed to these func-
tions. If the address is omitted, the DtSocket’s default destination address is used. If the
packet cannot be sent, -1 is returned. Otherwise, the number of bytes actually sent is
returned. DtExerciseConn::send() and DtExerciseConn::sendStamped() use
DtSocket::DtSend() to send DIS PDUs.

| DtSockets don't know anything about byte swapping or PDU layout (with the
exception of some knowledge of PDU header layout used for filtering). The
data contained in the buffer passed to DtSocket’s sending functions are the
exact bytes that will go out onto the network.
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Receiving Packets

DtRecv() is used to receive packets through a DtSocket. This is the function called by
DtExerciseConn::netRead() to read a PDU from the exercise. There are three different
versions of DtRecv(). The first version reads the next packet available, and copies up to
size bytes into buffer buffer. The number of bytes read from the packet is returned. If
there is no packet available, O is returned:

int DtRecv(caddr_t buffer, size_t size);

The second version sets buffptr to point to an internal buffer containing the packet
read, and returns the size of the packet. If there is no packet available, buffptr is set to
NULL, and size 0 is returned:

int DtRecv(caddr_t *buffptr, int *status);

If status is non-NULL, it is set to indicate a return status. The status is
DtSOCKET_PACKET if a packet was successfully received, and
DtSOCKET_NO_PACKET if no packets are available. If a packet is received but is
filtered out, the return code is set to DtSOCKET_FILTERED_PACKET, buffptr is set
to NULL, and 0O is returned. Return codes other than these may be used when
DtRecv() returns because it received a control message that does not represent an actual
packet on the virtual network.

For callers uninterested in the packet size, the third version returns a pointer to an
internal buffer containing the packet read, or NULL if none is available:

caddr _t DtRecv();

DtSocket Functions
Table 8-2 describes DtSocket member functions other than send and receive functions.

Table 8-2: DtSocket member functions (Sheet 1 of 2)

Function Description

lastSourcelnetAddr() Returns the IP address of the sender of the packet received
in the last call to any of the DtRecv() functions. If an imple-
mentation does not support reporting of source IP
addresses, an address of O is returned.

DtReportPktsRcvd() Returns the total number of packets read through the
DtSocket since it was constructed.

DtBecomeNonBlocking() Ensures that reads and writes are non-blocking. This is
called by all DtExerciseConn constructors, even for sockets
which are passed to DtExerciseConn already constructed. If
this function is not called, DtNetSocket reads and writes and
DtClientSocket reads will block. DtClientSocket writes are always
non-blocking.

readFd() Returns the read file descriptors. Those types of DtSockets
that do not have associated file descriptors return -1.
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Table 8-2: DtSocket member functions (Sheet 2 of 2)

Function Description

writeFd() Returns the write file descriptors. Those types of DtSockets
that do not have associated file descriptors return -1.

notifyMe() Lets the DtSocket know that the caller is using the presence

listenToMulticastGroup()
dropMulticastGroup()

setMcastTtl()

isOk()

exerciseld()
protocolVersion()
pduKind()
ipAddr()

of data on the DtSocket’s read file descriptor as an indicator
that there are packets available on the virtual network. This
mechanism is useful for applications that are event-driven in
nature, and wish to wait via a DtSelect() for input from one
of various devices. The DtSocket ensures that there is data on
the read file descriptor whenever there are packets avail-
able, even if the underlying implementation does not cause
this to be true automatically.

Do what their names imply, but rarely need to be called
directly, since they are called by the preferred DtExercise-
Conn::addInterestinMcastAddr() and subtractinterestinM-
castAddr(). Do not use these functions if you are using the
DtExerciseConn versions in the same application.

Sets the IP time-to-live (TTL) field for multicast packets to
ttl hops (or seconds). The TTL field controls the number of
routers a packet is forwarded through. The DtSocket
constructor does not initialize the multicast TTL to any
particular value. Instead, the system default is used. Rather
than calling setMcastTtl() in an application, you may want
to change the system-wide default for multicast TTL (on
platforms that support this). For example, under Solaris2,
the following sets the system default to 64 hops:

ndd -set /dev/ip ip_broadcast _ttl 64

setMcastTtl() returns 1 on success and O on error (for
example, on a platform that does not support multicast).

Returns 1 if the DtSocket is currently able to send and receive
packets, O otherwise (for example, if a DtClientSocket's packet
server is down).

Return pointers to DtFilterTests (defined in Socket.h) that control
filtering on various attributes of PDUs. However, most of
these features are better accessed through the relevant
DtExerciseConn functions.
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8.4. Intercepting Incoming Entity State PDUs

In Chapter 5, The Protocol-Independent Interface, we mention that processing incoming
state updates for a particular entity must account for the protocol, because the concept
of an HLA attribute update is fairly different from the concept of a DIS entity state
PDU.

In DIS, there are two ways to intercept incoming entity state PDUs:

+ Register a callback on entity state PDUs, just as you would on any other kind of
PDU.

+ Override DtReflectedEntity::processEntityState().

When an entity state PDU arrives, it is dispatched to a callback that DtReflectedEntity-
List registers with the DtExerciseConn. Within this callback, the REL calls the appro-
priate DtReflectedEntity’s processEntityState(), depending on the entity ID in the PDU.

DtReflectedEntity’s default implementation of this virtual function is to update its own
DtEntityStateRepository based on the contents of the PDU. But by subclassing DtReflect-
edEntity, you can provide an alternate implementation. Your version of this function
should probably call down to DtReflectedEntity::processEntityState() to make sure that
the ESR is properly updated even if there is additional work you want to perform here.

Remember that when subclassing DtReflectedEntity, you must also subclass DtReflected-
EntityList so that it knows to create your new type of DtReflectedEntity. See “Creating
Reflected Entity Lists,” on page 5-21 for examples of subclassing these two classes.
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Utilities

VR-Link provides several utilities to help make it easier to write a simulation applica-
tion. These utilities include coordinate conversion routines, matrix and vector classes
and functions, time-related functions, and others.

This chapter describes the utilities as follows:

VeCtor and MaAtriX ClaSSES .......civeeeiieeireeeeeeeetee e sree et eteeeetreeetee e sbe e sabeeeeeens 9-2
Using the DEVECLOr Class .......vevveveiieiiiie e 9-2
USING the DEDCM ClaSS........cueiieiieiierie e se et sie e eee e 9-3
DtVector and DtDCm SEMANTICS........cvvviiiiieeiieieecre et 9-4
Vector and Matrix Manipulation FUNCtioNS.........ccccovviveniienenrieee 9-4

Orientation, Euler Angles, and DtTaitBryan...........ccccoeeviveiie i cciic e, 9-5
Converting Between Euler Angles and Matrix Representation................. 9-6

Co0rdinate CONVEISIONS. .....ccvieieireeireite st stee e steesteesbeeeteesbeesbeesbeesbeesbeereens 9-7
GEOCENTIIC COOIAINALES.....ccvveiceeeerie et ettt ree s 9-7
GEOEtIC COOMAINALES . ...viiiiireecie ettt ebeesbeene e 9-8
Topographic COOAINGALES .......cc.ervvieeieie e eee e 9-10
UTM COOTAINALES...c.veeiveeireereecte ettt sre e sbe e e b eres 9-12
Differences Between UTM and Topographic Coordinates.................... 9-14
Lower Level Coordinate Conversion FUNCLIONS ........c.cceeveeieinieienenen. 9-15

Time-Related ULIITIES.......cocveeerie ettt 9-16

Creating Linked Lists With DELISt........cccccceviiiiiiiiie v 9-17

Diagnostic ULHTIES ...ecuveiieiie ettt 9-19

IP Address Manipulation FUNCLIONS...........cccevviiieiie e 9-20

MisCEllaNEOUS FUNCLIONS .....vecveiiieiiiirie ettt ettt 9-21
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9.1. Vector and Matrix Classes

9-2

This section describes the classes that you use for vectors and matrices, DtVector and
DtDcm.

. Using the DtVector Class

You can use the DtVector class, found in vIVector.h, to represent vectors in three dimen-
sional space.

You can initialize DtVectors with their three components, as in:
Dt Vector vec(10.0, 20.0, 30.0);

The default constructor, which takes no arguments, constructs a vector containing
three zeros.

The copy constructor, assignment operator, equivalence and subscripting operator are
defined, so you can do things like:

Dt Vector vec(10.0, 20.0, 30.0);
Dt Vect or vec2(vec);

Dt Vect or vec3 = vec;

Dt Vect or vec4;

vec4 = vec;

if (vec == vec2) {...}

and
doubl e x = vec[O0];
double y = vec[1];
double z = vec[2];
or
vec[0] = x;
vec[1l] =vy;
vec[ 2] = z;

DtVector also has a string() member function that returns a text representation of the
contents of the vector, for example:

{ 10. 000, 20. 000, 30. 000}

The following static member functions of DtVector will return some commonly used
vectors:

zero() {0, 0, 0}
i() {1, 0, 0}
i0) {0,1, 0}
k() {0, 0,1}
ones() {1,1,1}
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9.1.2. Using the DtDcm Class

DtDcm, found in dem.h, is used to represent 3x3 matrices. The name DCM stands for
direction cosine matrix, and reflects the fact that we often use the class to store that
particular type of matrix in order to represent an orientation. (Alternatively, orientation
can be represented as a set of three Euler angles in the Tait Bryan sequence, using the
DtTaitBryan class. For more information, see “Orientation, Euler Angles, and DtTait-
Bryan,” on page 9-5.)

A DtDcm can be constructed from it's nine components, as in:

Dt Dcm mat (1.0, 2.0, 3.0,
4.0, 5. 6.0,
7.0, 8. 9.0);

- oo

or from three component vectors:

Dt Dcm i dent (Dt Vector::i (),
Dt Vector::j(),
Dt Vector::k());

If the constructor is used with no arguments, a matrix containing nine zeros is
constructed.

The copy constructor and assignment operators are defined, so you can do things like:

DtDcm mat (1,2, 3, 4,5,6,7,8,9);

Dt Dcm mat 2( mat ) ;

DitDcm mat 3 = mat;

Dt Dcm mat 4;

mat4 = mat;
The subscripting operator is defined as well, so you can obtain any of the three vectors
that make up the matrix:

Dt Vector firstRow = mat[O0];

In conjunction with DtVector's subscripting operator, the familiar double subscript
syntax is supported:

doubl e upperlLeft = mat[0][O0];
double lowerRi ght = mat[2][2];

or

mat [ 0] [ O]
mat [ 2] [ 2]

20. 0;

DtDcm has static member functions, zero() and identity(), that return the zero matrix
and identity matrix respectively.
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9.1.3. DtVector and DtDcm Semantics

Although VR-Link functions usually employ pass-by-pointer semantics when expecting
objects that they will modify, functions that operate on DtVectors and DtDcms are
exceptions. These objects are usually passed to VR-Link functions by reference, so that
the subscripting operator can be used without the awkwardness of having to dereference
a pointer. In functions that do not change DtVectors and DtDcms, they are passed by
const reference, just like other VR-Link classes.

We've created some typedefs to make this explicit. They are listed in Table 9-1.

Table 9-1: DtVector and DtDcm typedefs

Function Equivalent function
DtVectorRef DtVector&
DtDcmRef DtDcm&
DtConstVector const DtVector&
DtConstDcm const DtDcm&

DtVector can be passed to a function that takes a DtVectorRef or DtConstVector, while
a DtDcm can be passed to a function that takes a DtDcmRef or DtConstDcm.

9.1.4. Vector and Matrix Manipulation Functions

LibMatrix.h contains a variety of C-style functions that operate on DtVector and
DtDcm. The standard operations are included:

+ addition

+ subtraction

+ multiplication

+ scaling

+ dot products

+ cross products

+ negation

+ normalization

+ determinant calculation

«+ transpose

+ inverse.

And so on.
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9.2. Orientation, Euler Angles, and DtTaitBryan

Although direction cosine matrices are often used in VR-Link to represent orientation,
an alternative representation is a set of three Euler angles. Euler angles represent the
orientation of a body in space with respect to a certain coordinate system as three
ordered rotations needed to go from the reference coordinate system to the body coor-
dinate system.

DIS and the RPR FOM in HLA use Euler angles to represent the orientation of an
entity with respect to the geocentric coordinate axes. (The body coordinate system is
defined by X out the front, Y out the right side, Z out the bottom of the entity.)

There are many possible ways to order the three rotations, but the one used by DIS and
the RPR FOM, and hence VR-Link, is known as the Tait-Bryan sequence. The first
rotation is about the Z axis, the second about the new Y axis, and the third about the
newest X axis. The three angles are usually denoted by psi, theta, and phi respectively.

These three angles do not necessarily correspond to the familiar heading,
pitch and roll of an entity. Euler angles correspond to heading, pitch and roll
only when the reference coordinate system is a topographic system.
Specifically, the Euler angles sent in DIS entity state PDUs or RPR FOM
entity updates use the geocentric coordinate system as a reference, and thus
do not correspond to heading, pitch and roll. (See “Coordinate
Conversions,” on page 9-7 for information on converting between
geocentric-reference Euler angles and topographic-reference Euler angles.)

VR-Link's DtTaitBryan class, defined in taitBryan.h, is used to represent a set of Euler
angles. A DtTaitBryan can be constructed from its three component angles, specified in
radians, for example:

Dt Tai t Bryan angl es(3.14, 0.0, 1.57);

The class has the following inspector and mutator functions that provide access to the
individual angles:

* psi()
+ setPsi()
+ theta()
+ setTheta()
+ phi()
+ setPhi().
The assignment operator, equality operators, and copy constructor are implemented for

DtTaitBryan as well. The string() member function provides a string representation of
the contents of the object, in a similar fashion to DtVector::string().
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9.2.1. Converting Between Euler Angles and Matrix Representation

9-6

Euler.h contains functions that convert between the two representations of orientation.

These functions are not converting orientations from one coordinate system
to another; they are converting between two ways of expressing an
orientation within a given coordinate system.

Given a set of Euler angles that represent the orientation of a body with respect to some
reference frame (say, the geocentric frame, or a topographic frame),
DtEuler_to_BodyToRef() produces a rotation matrix (or DtDcm) that can rotate from
body coordinates to reference coordinates, while DtEuler_to_RefToBody() produces its
inverse — a matrix that can rotate from reference to body coordinates.

For example:

Dt Tai t Bryan geocEul er Angles(...);
Dt Dcm bodyToGeoc;
Dt Eul er _t o_BodyToRef (geocEul er Angl es, bodyToGeoc);

The functions DtBodyToRef _to_Euler(), and DtRefToBody_to_Euler() go the other
way — producing Euler angles from the matrix representation.
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9.3. Coordinate Conversions

9.3.1.

VR-Link supports several coordinate systems and provides classes and functions for
converting locations, vectors, and orientations from one system to another.

Geocentric Coordinates

DIS and the RPR FOM in HLA specify that world locations, velocities, accelerations
and orientations be represented with respect to a right-hand geocentric Cartesian coor-
dinate system. The origin of this geocentric coordinate system is the center of the earth.
The positive X-axis passes through the prime meridian at the equator; the positive Y-
axis passes through 90 degrees east longitude at the equator; and the positive Z-axis
passes though the north pole (Figure 9-1).

The DtVector class is typically used to represent locations and vectors in geocentric
coordinates, while DtTaitBryan or DtDcm is used to represent orientation.

North pole

90° East

Center of Earth

X

Prime meridian

Figure 9-1. Geocentric coordinate system
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9.3.2. Geodetic Coordinates

9-8

Geodetic coordinates are another means of specifying location in the world. VR-Link
geodetic coordinates consist of latitude and longitude in radians, and altitude in meters
above a certain reference ellipsoid, for example, the surface of the earth at sea level.

VR-Link uses the class DtGeodeticCoord (defined in geodCoord.h) to represent geodetic
coordinates. A DtGeodeticCoord can be initialized from a latitude, longitude, and alti-
tude. Negative latitudes are south latitudes; negative longitudes are west longitudes.

Dt Geodeti cCoord myLoc( Dt Deg2Rad(45.0), Dt Deg2Rad(30.0), 1000.0);

If the default constructor is used, the resulting object represents a latitude, longitude,
and altitude of zero.

DtGeodeticCoord has the following inspectors and mutators to get and set values for the
individual components of a geodetic coordinate:

lat()
setlLat()

lon()
setLon()

alt()
o setAlt().

DtGeodeticCoord also has member functions that enable you to convert to and from
geocentric coordinates. DtGeodeticCoord::geocentric() returns the geocentric equiva-
lent of a geodetic coordinate. For example:

*

*

*

*

*

Dt Geodet i cCoord geod( Dt Deg2Rad(30. 0), Dt Deg2Rad(100.0), 1000.0);
Dt Vect or geoc = geod. geocentric();

After these lines of code, geoc will contain the coordinate:
{-960122.075, 5445122.868, 3170873.735}

which represents the same point in space as 30 degrees north latitude, 100 degrees east
longitude, 1000 meters altitude.

A similar function is DtGeodeticCoord::getGeocentric(), which, rather than returning
a geocentric coordinate, sets the value of an existing DtVector, for example,

Dt Geodet i cCoord geod( Dt Deg2Rad(30. 0), Dt Deg2Rad(100.0), 1000.0);

Dt Vect or geoc;

geod. get Geocentri c(geoc);
Going the other direction, DtGeodeticCoord::setGeocentric() sets the value of a
DtGeodeticCoord to the lat/long/alt equivalent of a given geocentric coordinate:

Dt Vect or geoc(-960122. 075, 5445122.868, 3170873.735);

Dt Geodet i cCoord geod;
geod. set Geocentri c(geoc);
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Also in geodCoord.h, are the C-style functions DtGeocToGeod() and DtGeocToGeod()
that can be used instead of the member functions described previously to convert
between geocentric and geodetic coordinates, although their use is discouraged in favor
of the member functions.

Choosing a Reference Ellipsoid

The default reference ellipsoid used for geocentric to geodetic conversions is WGS84,
but this is configurable through the function DtUseMapDatum(), declared in geod-
Coord.h. Any DtMapDatum can be passed to this function. DtMapDatum is defined as:

typedef struct Dt Spheroid
{
Dt Fl oat 64 senmi Mpjor; // seminmgjor axis of the ellipsoid,
/lin meters
Dt Fl oat 64 semi M nor; // semimnor axis of the ellipsoid,
/1 in meters
} Dt Spheroi d;
typedef struct Dt MapDatum
{
Dt Spheroi d spheroi d;
Dt Fl oat 64 datunshift[3]; // added to wgs84 to get GCC
//in this datum
} Dt MapDat um

VR-Link has the following DtMapDatums pre-defined in geodCoord.h:
Dt WGS84, Dt ED50, Dt NASANAD27, Dt NASBNAD27, Dt CONUSNAD27.

If you'd like to use the ED50 reference, for example, try
Dt UseMapDat un( &Dt ED50) ;
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9.3.3. Topographic Coordinates

VR-Link defines a topographic coordinate system as a right-handed Cartesian coordi-
nate system whose X-Y plane is tangent to the earth's surface at the origin, with the
positive X axis pointing north, the positive Y axis pointing east, and the positive Z axis
pointing down (Figure 9-2). Obviously, there are an infinite number of topographic
coordinate systems — one for each point on the earth's surface.

North pole

Point on Earth’s
surface

Center of Earth

Equator

Figure 9-2. Topographic coordinate system

A DtVector is usually used in VR-Link to represent a topographic coordinate.
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DtCoordTransform

The easiest way to convert between geocentric and topographic coordinates is by using
a DtCoordTransform object, defined in LibMatrix.h. A DtCoordTransform is an object
that can transform locations, vectors, or orientations from one Cartesian coordinate
system to another.

In general, a DtCoordTransform can be constructed by passing to its constructor the
origin of one system with respect to the other, and a rotation matrix that indicates the
orientation of one system with respect to the other. However, in the case of a geocentric
to topographic transformation, VR-Link provides the function DtGeocToTopoTrans-
form() to initialize a DtCoordTransform for you. This function, declared in topoCoord.h,
does the following:

1. Takes the latitude and longitude of a point on the earth and computes the rotation
matrix that expresses the orientation of the topographic system defined by that
point

2. Initializes a DtCoordTransform using this matrix along with the geocentric represen-
tation of the chosen point.

For example, to create a DtCoordTransform that can convert between geocentric coordi-
nates and the topographic coordinate system whose origin is at 30 degrees north lati-
tude, 100 degrees east longitude, you can do the following:

Dt Coor dTr ansf or m geocToTopo;

Dt GeocToTopoTr ansf or n( Dt Deg2Rad( 30. 0), Dt Deg2Rad( 100. 0),

&geocToTopo) ;

Now, this transform can be used to convert from geocentric to topographic coordinates.
For example, if we have a geocentric location in a DtEntityStateRepository, and we wish
to convert it to our topographic frame, we can use DtCoordTransform::coord Trans():

DtEntityStateRepository *esr = ...;

Dt Vect or topolLocati on;
geocToTopo. coordTrans(esr->location(), topolLocation);

If we want to do the reverse, we can initialize a second DtCoordTransform to convert
from topographic to geocentric using the member function setBylnverse():

Dt Coor dTransform t opoToGeoc;

t opoToCeoc. set Byl nver se(geocToTopo) ;
Now, we can use topoToGeoc() to convert to geocentric, say, for filling in a locally
simulated entity's ESR:

DtEntityStateRepository *esr = ...;

Dt Vect or geoclLocati on;

t opoToCeoc. coor dTrans(topoLocati on, geoclLocation);

esr->set Locati on(geocLocati on);
In addition to coordTrans(), DtCoord Transform also has vecTrans() and eulerTrans()
member functions for converting vectors (such as velocity and acceleration), and orien-
tations (expressed as Euler angles) between two different Cartesian coordinate systems.
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9.3.4.

9-12

Heading, Pitch and Roll

Converting Euler angles from geocentric to topographic coordinates (or vice versa) is
often particularly useful, since topographic-referenced Euler angles correspond to
heading, pitch and roll.

Using a DtCoordTransform that can convert from geocentric to topographic coordi-
nates, we can obtain an entity's heading, pitch, and roll as follows:

Dt Tai t Bryan topoEul er;

geocToTopo. eul erTrans(esr->ori entati on, & opoEul er);

doubl e headi ng = topoEul er.psi();

doubl e pitch = topoEuler.theta();
doubl e roll = topoEul er. phi();

UTM Coordinates

Locations in the world can be specified using a UTM coordinate system. UTM coordi-
nates are mapped to a reference ellipsoid approximating the surface of the earth using a
Universal Transverse Mercator projection. The coordinates consist of easting and
northing from an origin or reference location, and an altitude above a reference ellip-
soid, all in meters.

In a true UTM coordinate system, the origin or reference point (0,0,0) is often a point
on the equator at the center of a particular UTM zone. (The world is longitudinally
divided into 60 UTM zones, each centered on an odd multiple of 3 degrees). However,
VR-Link allows you to define an “offset UTM” coordinate system by passing any arbi-
trary reference point, to the function DtUtmInit().

DtUtmInit() must be called to establish the world location of the origin of your UTM
attribute system before you use any of the UTM coordinate conversion functions.
Currently, VR-Link supports the use of only one UTM reference point at a time.
However, you can call DtUtmInit() multiple times in your application to define the
UTM origin you want to use for the next set of conversions.

Using DtUtmlnit()

The first two arguments to DtUtmlnit() are DtDegMinSec Structures, representing the
latitude and longitude of the reference point. DtDegMinSec has the following definition:

enum Dt Pol arDirection { DtEast, DtWest, DtNorth, DtSouth };
typedef struct

doubl e deg, min, sec;
Dt Pol arDirection direction;
} Dt DegM nSec;

The following code initializes VR-Link's UTM conversion routines so that they use 35°
north latitude and 122° west longitude as the reference point:

Dt DegM nSec | atRef = {35.0, 0.0, 0.0, DtNorth};
Dt DegM nSec | onRef = {122.0, 0.0, 0.0, DtWest};
DtUtmnit(latRef, |onRef, 0);
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The optional third argument to DtUtmlInit() indicates that a particular convention
should be used, whereby 500,000 meters are added to all easting values and 10,000,000
meters are added to all north values, in order to eliminate the use of negative numbers
in UTM coordinates. Rare applications that need to use this convention should pass a
value of 1 for this argument as opposed to the more common O.

The optional fourth argument (not shown) controls the level of diagnostic information
printed by the function.

A UTM coordinate is represented using DtUtmCoord, defined in utmCoord.h. A
DtUtmCoord can be constructed by passing its three components (in meters) to the
constructor:

Dt Ut nCoord ut mLoc(50.0, 100.0, 70.0);

Assuming that DtUtmInit() was called as above, this DtUtmCoord would represent a
point of altitude 70 meters, that is 50 meters east and 100 meters north of our reference
point of 35 degrees north by 122 degrees west.

The class has a copy constructor and assignment operator defined, and has the
following inspectors and mutators to access the various components: east, setEast,
north, setNorth, up, setUp.

DtUtmCoord also has member functions that enable you to convert to and from
geocentric or geodetic coordinates. DtUtmCoord::geocentric() and DtUtm-
Coord::geodetic() return the geodetic and geocentric equivalents of a UTM coordinate
respectively. For example:

DtUtmnit(...);

Dt Ut nCoor d ut m{50. 0, 60.0, 70.0);

Dt Geodet i cCoord geod = utm geodetic();
The member functions getGeocentric() and getGeodetic() work similarly, but fill in an
existing object passed by reference to the function, rather than returning the desired
object.

Alternatively, the C-style functions DtGeodToUtm(), DtUtmToGeod(),
DtGeocToUtm(), and DtUtmToGeoc() can also convert locations in UTM coordinates
to geocentric or geodetic coordinates, and vice-versa. However their use is discouraged
in favor of the member functions.
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9.3.5. Differences Between UTM and Topographic Coordinates

Trouble often arises when programmers do not understand the differences between a
UTM coordinate system and a topographic coordinate system that share the same

origin.
Although the coordinates of a point near the origin may be similar in the two systems,
they are different in several ways.

+ Ina UTM system, Z represents altitude above the earth's surface. In the topo-

graphic frame, -Z represents height above a plane tangent to the earth's surface,
which deviates from altitude above the earth’s surface itself as one moves away from

the origin (Figure 9-3).

Point above Earth’s

. surface
UTM 7 Topographic -Z
Topographic tangent plane
4
Surface of Earth

Figure 9-3. Comparison of UTM Z and topographic -Z
+ Neglecting the small angle between northing and north, UTM coordinates X, Y,
and Z correspond to east, north, and up, while the topographic X, Y, and Z corre-
spond to north, east, and down.

North pole

UTM X, Y, Z

Topographic X, Y, Z

\ X

Center of Earth o

Equator

Figure 9-4. Topographic X, Y, and Z compared to UTM
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+ Although lines of constant easting in UTM coordinates run very close to
north/south, they do not run truly north/south as lines of longitude do. This
means that two points with equal easting values in their UTM coordinates, such as
{100, 100, 0} and {200, 100, 0} do not lie exactly on the same line of longitude.
The second point is not due north of the first. Depending on location within a
UTM zone, the deviation can be plus or minus a couple of degrees. The function
DtUtmCoord::gridDeclination() returns the magnitude (in radians) of the angle
between northing and true north at a particular UTM location.

9.3.6. Lower Level Coordinate Conversion Functions

If you would like a greater level of control over your coordinate conversions than that
offered by the DtCoordTransform class described in “DtCoordTransform,” on
page 9-11, there are several lower-level functions that can help.

If you have a rotation matrix that expresses a rotation between two coordinate systems,
you can multiply that matrix by a vector, such as velocity, or acceleration using DtDcm-
VecMul() in order to convert that vector between the coordinate systems.

For geocentric/topographic conversions, the needed rotation matrix can be obtained
using DtLatLon_to_GeocToTopo() or DtLatLon_to_TopoToGeoc(), declared in topo-
Coord.h. These functions take a latitude and longitude and return rotation matrices to
convert between the geocentric frame and the topographic frame defined by that point
on earth.

For example:

Dt Geodeti cCoord myOri gi nl nGeod(35.0, -122.0, 0.0);

// Obtain a rotation matrix for the topo frame in question
Dt Dcm geoc2Topo;

Dt Lat Lon_t o_GeocToTopo(myOri gi nl nGeod, geoc2Topo);

Dt EntityStat eRepository* esr = ...;

Dt Vect or topoVel;

/1 Performthe vector rotation, using the matrix.

Dt DenmiVecMul (geoc2Topo, esr->velocity(), topoVel);

You can also use a rotation matrix to rotate a set of Euler angles from one coordinate
system to another, using the function DtEulerToEuler(), declared in Euler.h, for
example:

Dt Tai t Bryan topoOrient;
Dt Eul er ToEul er (esr->orientation(), geoc2Topo, topoOrient);

But if your goal is to obtain an entity's orientation as topographic Euler angles
(heading, pitch, and roll), a more efficient way would be:

1. Use esr->bodyToGeoc() rather than orientation.

2. Multiply this returned matrix by geoc2Topo or by a geocentric to topographic rota-
tion matrix obtained using DtLatLon_to_GeocToTopo as described in the example
above.

MAK VR-Link Developer’s Guide 9-15



Utilities — Time-Related Utilities

3. Convert the result to Euler angles using DtBodyToRef _to_Euler() as follows:

Dt Dcm bodyToTopo;

Dt DemDeniVul (geoc2Topo, esr->bodyToGeoc(), bodyToTopo);
Dt Tai t Bryan topoEul er;

Dt BodyToRef _t o_Eul er (bodyToTopo, topoEul er);

Coordinate locations cannot be transformed using only a rotation matrix. The transla-
tional offset between the two coordinate systems is also required. To transform from
one cartesian system to another:

1. Subtract the origin of the second system from the point being transformed.
2. Perform the rotation as above.

For example, to transform a location from geocentric to a topographic coordinate:

/1 Find the local origin expressed in geocentric coordinates
Dt Vector nyOrigi nl nGeoc = myOri gi nl nGeod. geocentric();

/1 Subtract the local origin fromthe point being transfornmed
Dt Vect or tnp;

Dt VecSub(esr->l ocation(), myOriginl nGeoc, tnp);

/!l Rotate the result

Dt Vect or topoloc;

Dt DcnmivecMul (geoc2Topo, tnp, topolLoc);

9.4. Time-Related Utilities

VR-Link's time-related functions are declared in viTime.h.

Before any of VR-Link's time-related functions are used, you need to call DtTimelnit.
This applies to almost all applications, since DtExerciseConn, DtReflectedEntityList, and
DtEntityPublisher all use time-related functions.

Usually, you will want to advance VR-Link simulation time each frame, in proportion
to the amount of real time that has elapsed since the previous frame, so that it becomes
a discrete approximation to (possibly scaled or offset) real time.

The following functions may be of assistance in this task:

+ DtAbsReal Time() provides a machine-independent interface to obtaining the abso-
lute current time, in seconds

+ DtGetElapsedReal Time() returns the time, in seconds, since DtTimelnit() was
called.

For more information, see “Managing Time,” on page 3-13.
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9.5. Creating Linked Lists with Dtlist

DtList, defined in viList.h, provides a general linked-list capability in VR-Link. To
enable DtList to be used to represent a list of any type of object, pointers to the objects
being listed are represented by void*, and must be explicitly cast back to the data type
you are listing when you want to inspect data in the list.

Within VR-Link, a DtList is used to represent the list of articulated parts that an entity
possesses, the list of HLA objects in the exercise, and other such lists. For these reasons,
you may need to work with DtLists even if you do not choose to use them to represent
your own lists.
A DtList is constructed as follows:

DtList list;
Elements can be added to a DtList using:

+ addToStart()

addToEnd()

addBefore()

addAfter()

add() — which is equivalent to addToEnd().

*

*

*

*

These functions return a pointer to a DtListltem — an envelope in which your data gets
wrapped before insertion into the list.

These functions take a pointer to the element to be added. (As an exception, we some-
times store simple data types that are <=32 bits directly in the list rather than by using
pointers.) These pointers must remain valid for the duration of the time they are in the
list. For example, the address of automatic variables should not be put in a list if the list
remains beyond the scope of the automatic variables. As a result, in general, the pointers
in a list should typically be from new’ed data.

DtList’s first() and last() functions return pointers to DtListltems that hold the first and
last elements of the list.

DtListltem’s data() member function can be used to get back the pointer you added to
the list.

first() and last() return NULL when the list is empty.

DtListltem has prev() and next() member functions that facilitate iterating through a
list. These functions return NULL when the beginning and end of the list have been
reached, respectively. Thus, you can iterate through the elements in a list as follows:

DtList list;

for (DtListltent item= list.first(); item item= item>next());
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The following example adds several items to a list (in this case instances of class A), and
pulls them out of the list later:

/1 Definition of class A
class A
{
public:
A(int num) { a = num }
int a;
i
/1l Create the list
Dt List list;
/Il Create three instances of class A
A* al = new A(1l);
A* a2 new A(2);
A* a3 new A(3);
/1 Add the instances to the list
list.add(al);
list.add(a2);
list.add(a3);
/1 lterate through the list, inspect the data
for (DtListltent item= list.first(); item item= item>next())
{

/1 Use DtListltem:data to get back the pointer you added.

/1 You'll need to cast the pointer back to an A* froma voi d*
A* current = (A*) item>data();

printf("%l\n", current->a);
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9.6. Diagnostic Utilities

The amount of diagnostic information printed by VR-Link can be controlled by setting
the global variable DtNotifyLevel, declared in viprint.h. DtNotifyLevel may be set to any of
the following values:

DtNIFatal Only fatal messages are printed.

DtNIWarn Warning messages and fatal messages are printed.

DtNlInfo Some diagnostic information is printed with warnings and fatal
messages.

DtNIVerbose ~ Maximum information is printed.

The default is DtNIlInfo.

You can use this notify level to control messages generated by your own application as
well, if you use VR-Link's printing functions rather than printf() or cout() directly.
These printing functions are also declared in viprint.h, and have the same prototype as
printf(). They include:

+ DtFatalPerror() and DtWarnPerror(), which print perror information in addition
to the information you pass to the function

+ DtFatalError()

+ DtWarn()

+ Dtinfo().

The fatal functions call DtAbort after printing their messages.
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9.7. IP Address Manipulation Functions

vlutil.h, has a set of functions for obtaining and manipulating IP addresses. These func-
tions are often useful for generating addresses to use in initializing a DIS exercise
connection.

VR-Link represents IP addresses with the DtInetAddr type, which is equivalent to an
unsigned 32 bit integer.

DtStringTolnetAddr() constructs a DtinetAddr from a string containing the common
dot notation for an IP address. For example:

Dt | net Addr nmyAddr = Dt StringTol net Addr ("207. 86.232.1");

DtInetAddrString() goes the other way, returning a string representation of a Dtlnet-
Addr.

DtinetAddrOfDevice() returns the IP address of a particular device, specified by its
device name. Device names are typically something like le0 or ec0. Similarly, DtNet-
MaskOfDevice() returns the netmask of a device.

DtInetBroadcastOfDevice() computes and returns the broadcast address of a device, by
using those portions of the device's IP address that are covered by the netmask, and
setting the lower order bits to 1's. For example, if the IP address of a device is
207.86.232.1, and the netmask is OxffffffO0 (class C network), then the broadcast
address will be 207.86.232.255.

On some UNIX platforms, this does not match the erroneous broadcast
address reported by ifconfig.

DtFirstHostInetAddr() returns the IP address of the host's primary network device.

DtlsMulticastAddr() returns 1 if the address passed to it is a valid multicast address,
that is, one between 224.0.0.0 and 239.255.255.255.
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9.8. Miscellaneous Functions
Table 9-2 lists additional miscellaneous functions.

Table 9-2: Miscellaneous functions

Function Description

DtSleep() Provides a machine-independent way to halt program execution for
some period of time. It's argument is the time, in seconds, for which to
“sleep”. The implementation of DtSleep() is machine-dependent, but it
uses system calls such as UNIX's select, rather than a CPU-intensive
busy loop. (See ProcControl.h)

DtSelect() Provides a machine-independent interface to the UNIX select system
call, which takes different arguments on different platforms. DtSe-
lect()'s arguments are a number of file descriptors, three arrays of file
descriptors to monitor for presence of data to read, availability for
writing, and pending exceptional conditions, respectively, and a timeout
in seconds. (See Vlutil.h)

DtAbort() Is called whenever VR-Link generates a fatal error. In turn, it makes the
abort system call. If you need to modify VR-Link's abort behavior, you
can write your own definition for DtAbort(). Because VR-Link's defini-
tion for DtAbort() resides in its own object file, your definition will
merely supersede ours with no other effects. If your definition is linked
into your application through a library that you create (rather than
through an object file on your link line), make sure that your library
appears before libvlutil.a on your link line. (See Vvlprint.h.)
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Example and Utility Applications

VR-Link includes a set of supporting applications that can help you develop and trou-
bleshoot your own applications.

The following example programs are included with VR-Link, with source code:

THe F18 PrOgram.......c.cciiiie et e sttt 10-3
NELAUMP (DIS ONIY) ..o 10-7
NEtheX (DIS ONIY) c..oviieicice e 10-10
hlaNetdump (HLA ONIY) ..o 10-9
TAIK AN TISTEN. ...t s 10-10
vdc — the VR-Link Daemon Controller............ccooveririeiiniinii e, 10-11
The following executables are included without source code:
The MAK Packet Server (UNIX ONIY) .....c.c.ovvveeeeeerireeeeeeeeeee e, 10-13
buffgrep (UNDX ONIY) oo, 10-23
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10.1. About the Applications

VR-Link’s example and utility applications are provided to make your development and
troubleshooting tasks easier, and to demonstrate how VR-Link’s classes and functions
are used in practice.

The executables for these programs are in the . /bin directories described in “VR-Link
Files Installed,” on page 2-4. You can find source code for the example applications in
subdirectories under . /examples.

The buffgrep program and vrlinkd3i packet server are provided only as utilities, and do
not include source code. The vrlinkdu packet server is available as a separate option.

10.1.1. License Enforcement for the Example Applications

The prebuilt example applications in the . /bin directories do not cause a VR-Link
license to be checked out, so you can run them freely.

If you rebuild the example applications, be careful not to overwrite the
original versions. Your new versions will require VR-Link licenses in order to
run.

All VR-Link libraries for PCs were compiled with Microsoft Developer
Studio 5.0.
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10.2. The f18 Program

The f18 program simulates a simple HLA or DIS vehicle. By default, that vehicle is an
F/A18, flying in a circle, just off the coast of Fort Hunter-Liggett, but you can control
the entity type, location and route.

18 generates predictable HLA entity update messages (or DIS entity state PDUs), so it
is a useful tool for debugging applications that receive and interpret these messages. f18
can also fire munitions and react to detonations.

The 18 syntax is:

f18 -h
f18 [options...]

> To exit f18, press “q” followed by Enter or Return.

Table 10-1 summarizes f18’s command line options.

Table 10-1: {18 Startup Options (Sheet 1 of 2)

Option Description
Protocol Independent
-d secs Set the delay (in seconds) between the time f18 receives a detonation
interaction (or PDU), and the time it broadcasts its final message and
exits.
-D al go Set dead reckoning algorithm to al go, where al go is one of:
O - Other
1 - Static

2 - Fixed rotation, positional DR, world coordinates
3 - Rotational DR, positional DR, world coordinates
4 - Rotational DR, velocital DR, world coordinates
5 - Fixed rotation, velocital DR, world coordinates

-h Displays a summary of command-line options, then exits.

-H deg Sets the initial heading of the f18 to deg degrees.

-1 file Loads the specified .mtl (MAK Technologies Lisp) configuration file.

-L n,eu Set initial position, as nort h, east, up in topographic coordinates.

-O lat,long Sets the reference latitude and longitude for the topographic coordinate
system.

-r radius Sets turn radius of the f18 to the specified number of meters. Setting
the radius to 0.0 causes the 18 to move in a straight line.

-s nps Sets initial speed of the f18 to nps meters/second.

-T type Sets the entity type, specified as a string of the form:

kind:domain:country:category:subcategory:specific:extra

-Wx,y,z Sets the initial position in geocentric coordinates.
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Table 10-1: 18 Startup Options (Sheet 2 of 2)

Option Description

-X ex-nane Sets the exercise ID for DIS (default is 1), or the federation execution
name for HLA (default is VR-Link).

DIS Only

-aID Sets the second component of the entity ID to ID. By default, the
entity ID is 1:2:1, however if you want to run multiple f18's at once,
each needs a unique entity ID.

- A addr Sets the default destination IP address for outgoing PDUs to addr. addr
is in the form 123.123.123.123.

-P portnum Specifies the UDP port. Defaults to 3000.

-S addr Subscribes to the multicast address specified by addr. Multiple -S' s can
appear on a command line. Multicast is not supported on all platforms.
addr is in the form 123.123.123.123.

-V ver Sets the DIS protocol version contained in outgoing PDUs. Replace ver
with an integer as follows:
3-DIS 2.0.3 5 - IEEE 1278.1
4-DIS 2.0.4 6 - DIS 2.1.4 (IEEE 1278.1a)

10.2.1. The 18 Configuration File

By default, f18 loads the configuration file f18.mtl, if it exists in the current directory.
This file sets many of the f18's default parameters, including notify level, dead-reck-
oning algorithm, and initial heading, position, and speed.

To change default parameters:

+ Edit the f18.mtl, file
+ Use command-line options to override parameters
+ Use the -1 option to specify an alternate configuration file.

You can rebuild 18, or create a new application based on f18 that does not use a config-
uration file.

> To write a variation of f18 that does not use a configuration file, remove the
initMtl() call.

You can also specify a different configuration file in your code, at the DtcLoadLispFile()
function call.
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10.2.2. Firing Munitions

> To cause the F18 to fire at another entity, press the Enter or Return key.

If other entities exist in the exercise, f18 issues a fire message directed at the closest one.
Though there is no tracked munition, 18 issues a detonate message three seconds later
to indicate that the target was hit.

> To change the delay, edit the munitionFlightTime parameter in the configuration file.

10.2.3. Reactions to Detonate Messages

The F18 reacts to detonation PDUs or RPR FOM Detonation Interactions. If a deto-
nation occurs within the lethalDetonationRange, or if the detonation result is entity
impact or entity proximate, the F18 is destroyed. Updates reflect a damage state of
DamageDestroyed for a period of destroyedToFinalDelay seconds, at which point the
entity leaves the exercise and f18 exits.

LethalDetonationRange defaults to 20 meters, and destroyedToFinalDelay defaults to zero.
You can change these parameters in f18.mtl.

10.2.4. Absolute timestamping

The value of the ti mest anpType flag in f18.mtl determines whether absolute or relative
timestamps are used in f18's outgoing state update messages. The flag defaults to rela-
tive (0), but can be set to absolute (1). When the ti mest ampType is absolute, f18 dead-
reckons remote entities based on their absolute timestamps, when applicable. Absolute
timestamping should only be used when the local machine's clock is synchronized with
the clock being used by other applications in the exercise for their absolute timestamps.

For more information about timestamps, see “Timestamps,” on page 3-18.

10.2.5. Using A Modified FOM

The f18 example has a source file called config.cxx that shows how you can configure
VR-Link to use a modified FOM. It shows how you can instruct VR-Link to represent
position on the network as Z, Y, X, rather than X, Y, Z. For this purpose, we use a new
attribute of the BaseEntity object class called ReversePasition instead of the default Position
attribute, and a new parameter of the WeaponFire interaction class called ReverseFiringLo-
cation instead of the default FiringLocation.

By default, this functionality is #ifdefed out. But if you include the definition
REVERSE=1 on your make line, when building f18, for example:

nmake REVERSE=1 f 18

it will be compiled in. If you want to try this out, remember to modify the .fed file to
reflect the expected changes before running the executable.
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10.3. Calling VR-Link from Other Languages

The simple C example demonstrates how to use VR-Link from within a C language
application. It is in examples/simpleC. Since most other languages can interact with C,

this should also serve as a starting point for applications written in other languages that
use VR-Link.

10.4. Launcher

The launcher example demonstrates use of articulated and attached parts in VR-Link
for both DIS and HLA. It is in the examples/test directory.
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10.5. netdump (DIS Only)

netdump is a DIS debugging tool that displays the contents of arriving DIS PDUs in an
easy-to-read form. (Its HLA counterpart, hlaNetdump, is described on page 10-9.)

Netdump writes its output to stdout. For each PDU, netdump prints the number of
PDUs it has received and the PDU?’s arrival time (relative to netdump's initialization).

You can filter PDUs based on specific fields by piping netdump's output through VR-
Link's buffgrep utility.

netdump’s usage is:

netdunp -h

netdunp [-c] [-e O]1] [-P port] [-S address]

Table 10-2 describes the command-line options.

Table 10-2: netdump startup options

Option

Description

-C

Clears the screen between PDUs.

This option is especially useful for debugging single-entity applica-
tions. The screen is cleared between PDUs, so corresponding fields of
successive PDUs appear in the same place. This makes changes in
various parameters easily visible.

-e level

Sets the level of aggressiveness in trying to print erroneous PDUs. If
level is 0, netdump always tries to print each PDU. If | evel is 1,
netdump doesn't try to print PDUs when the size indicated in the DIS
header doesn't match the size of the packet received. Default: 1.

-h

Displays a summary of command-line options, then exits.

-P portnum

Specifies the UDP port. Defaults to 3000.

-S addr

Subscribes to the multicast address specified by addr. Multiple -S' s
can appear on a command line. Multicast is not supported on all plat-
forms. addr is in the form 225.10.10.10.

Notes:

+ If netdump has been linked with libvl in the ./bin5 directory, it prints all fields of
DIS 2.0.4, IEEE 1278.1 or DIS 2.1.4 (IEEE 1278.1a) PDUs.

« If it has been linked with libvI3 in the ./bin3 directory, it prints fields from DIS

2.0.3 PDUs.

+ When it receives PDUs of the wrong DIS version, netdump prints the DIS header
information and a hex dump of the rest of the PDU.
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10-8

+ netdump prints version information as described in Table 10-3:

Table 10-3: PDU versions and DIS protocol versions

PDU Version

DIS Protocol Version

3
4
5

2.0.3

2.0.4

IEEE 1278.1

2.1.4 (IEEE 1278.1a)
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10.6. hlaNetdump (HLA only)

hlaNetdump listens to an HLA federation execution, subscribes to all object and interac-
tion classes in the FOM, and prints out data whenever it receives an attribute update or
interaction.

hlaNetdump handles interactions similarly to netdump (page 10-7) — it interprets and
prints out the data in the interaction.

When hlaNetdump receives an attribute update message, it is decoded into a DtEntity-
StateRepository, then the state repository is printed.

hlaNetdump prints default values (usually zero or false) for attributes not
contained in the update. A list appears above the state information, showing
the names of attributes actually contained in the update.

The usage for hlaNetdump is:

hl aNet dunp -h
hl aNetdunp [-c] [-r] [-m [-X exec-nane]

Table 10-4 describes the command-line options.

Table 10-4: hlaNetdump Startup Options

Option Description

-C Clears the screen between messages (updates or interactions).

This option is especially useful for debugging single entity applica-
tions. The screen is cleared between messages, so corresponding
fields of successive messages appear in the same place. This
makes changes in various parameters easily visible.

-h Displays a summary of command-line options, then exits.
-m Subscribes to MOM classes.
-r Runs hlaNetdump in raw mode. For more information, see the

paragraph following this table.

-X exec-name Specifies the name of the federation execution to be monitored.
Default is VR-Link.

When you run hlaNetdump with the -r option, it behaves like nethex. For each
attribute update or interaction received, it prints the name of the attribute, the size of
the value of that attribute, and a hexadecimal dump of the value of the attribute.
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hlaNetdump can print incoming HLA data in a completely FOM-independent manner.
It subscribes to every class in the .fed file (including MOM classes if you use the - m
argument). If an update or interaction represents a class that VR-Link “knows” how to
decode, (includes all BaseEntity subclasses, Aggregates, Fire, Detonate and Collision
Interactions) the data is printed as the correct data types (unless you're using raw
mode). If the message represents a class that VR-Link cannot decode, hlaNetdump
prints the name of the class, and the name, size and hex value of all attributes and
parameters.

10.7. nethex (DIS only)

nethex is a DIS debugging tool that prints out arriving DIS PDUs in raw, hexadecimal
format. Using nethex, you can see the information contained in each byte of a PDU.
nethex writes its output to stdout.

nethex’s usage is:

net hex -h
nethex [-P portnuml [-S addr]

Table 10-5 describes the command-line options.

Table 10-5: nethex Startup Options

Option Description

-h Displays a summary of command-line options, then executes.

-P portnum Specifies the UDP port. Defaults to 3000.

-S addr Subscribes to the multicast address specified by addr. Multiple -S' s
can appear on a command line. Multicast is not supported on all plat-
forms. addr is of the form 225.10.10.10.

10.8. talk and listen

10-10

talk and listen are simple send-only and receive-only programs. They demonstrate many
VR-Link fundamentals.

talk simulates the flight of an F18 aircraft. listen repeatedly prints an entity’s updated
position, and if a fire PDU or interaction occurs, prints the entity ID of the attacker.
Both programs are written for protocol-independence.

For detailed descriptions, see “A Listen-Only Example,” on page 3-19 and “A Send-
Only Example,” on page 3-22.
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10.9. vdec - the VR-Link Daemon Controller

vdc, the vrlink-daemon controller, lets you send messages that control the Packet Server
(described in “The MAK Packet Server (UNIX Only),” on page 10-13). Its source code
is provided as a working example of how a VR-Link application can control the Packet
Server at runtime.

vdc controls the Packet Server whether it is running in the background (as a daemon) or
in the foreground. However, vdc’s terminate command is ignored if the Packet Server is
running in the foreground.

To issue a vdc command, enter the following:
vdc port [cnd]

where port is the required UDP port number and cnd is a one-letter command from
Table 10-6 below. If you omit the command, vdc sends an a command (test if alive).

Table 10-6: vdc Control Keys

Key Purpose

a Test if alive.
c Print server client status.
e Set Packet Server to external mode.

i Set Packet Server to internal mode.

n Turn unbundling off.

p Cause server to ping clients.
q Terminate Packet Server.

s Print server status.

t Quietly test if alive.

u Turn unbundling on.

All commands except a and t have the same meaning as those used by the
Packet Server itself.

The a and t commands are unique to vdc. You can use them to perform a conditional
action depending on whether the Packet Server is running. See “vdc Examples,” on
page 10-12 for examples.

When you control the Packet Server through vdc, status messages and diagnostics are
displayed by vdc, rather than by the Packet Server. A terminate request sent by vdc is
ignored if the Packet Server is running in the foreground.
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10.9.1. vde Examples

vdc accepts multiple commands in a string, as in these examples:

Change to internal mode and then
display server status.

vde 3000 pcPing clients and then display client

status.

You can use the test commands a and t to perform a different action depending on
whether the Packet Server is running:

vdc 3000 is

If the server does not exist, exit vdc quietly; otherwise

terminate the server. ) )
vdc 3000 a || vrlinkd3i 3000 Start server if not already running.

vdc 3000 t && echo hi || echo bye . . . .
Display “hi” if the server is running; otherwise display “bye”.

vdc 3000 tq

10.9.2. vde Diagnostics

If you receive the message
no vrlink server on port nnnn

and you know that the Packet Server is running on the specified port, the server's
AF-UNIX socket file may have become unlinked. See “The Server Socket File,” on

page 10-22 for more information.
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10.10. The MAK Packet Server (UNIX Only)

The MAK Packet Server, also called the VR-Link daemon, or vrlinkd, is an application
with several purposes:

+ On some UNIX platforms, multiple applications running on the same machine
cannot all receive network packets from a single UDP port. On these platforms, the
Packet Server acts as a necessary intermediary, receiving packets from the UDP port
and forwarding them to all connected client applications through shared memory.

+ In many circumstances, even on platforms that do allow multiple applications to
read from the same UDP port, using the Packet Server can offer performance
advantages and can limit the effect of dropped packets.

+ The Packet Server allows multiple applications running on the same machine to
communicate with each other, without generating network traffic.

Though typically used with DIS applications, the Packet Server can be used with HLA
applications in conjunction with the MAK RTI. For more information about using the
Packet Server with HLA, see “Using the Packet Server in HLA,” on page 10-15.

| You need a VR-Link license for each VR-Link-based application that you run
concurrently, whether or not you are using a Packet Server.

10.10.1. Packet Server Modes

The Packet Server operates in two modes, external and internal.

In external mode, the Packet Server serves as an intermediary between its client applica-
tions and a UDP socket. It asynchronously reads packets from a specified UDP port
and forwards the packets to client applications through a shared memory interface. It
also provides client-specific filtering based on exercise 1D, DIS protocol version, and
PDU kind.

In internal mode, the Packet Server allows client applications on a single machine to
exchange packets among themselves, without interacting with the network.

The server can switch between internal and external mode, bringing its clients into and
out of a larger exercise.
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10.10.2. Packet Server Configurations

The Packet Server is available in two configurations, distinguished by the number of
clients they support:

+ vrlinkd3i supports three clients in internal mode, or one client in external mode.
This version is included as a standard part of the VR-Link toolkit.

«+ vrlinkdu supports an unlimited number of clients in either internal or external
mode. It is available as a separate product and requires a license.

You can start multiple Packet Servers to service more than one UDP port on a host.

10.10.3. How Applications Connect to the Packet Server

A DIS application based on VR-Link that uses the default exercise connection
constructor automatically uses the Packet Server if one is running on its port. Other-
wise, the application connects directly to the network.

If a Packet Server is running, but is already handling its maximum number of clients,
further clients will terminate when they attempt to connect to the Packet Server.

10.10.4. Using the Packet Server

10-14

You can use the packet server with one client or multiple clients.

Using the Packet Server with Only One Client Application

If only one DIS application based on VR-Link is running per machine, the applications
can communicate directly with the network and no Packet Server is necessary. However,
the Packet Server can be beneficial even when there is only one client.

Because the asynchronous server can respond more quickly than a fixed-rate client to
network traffic, the Packet Server may reduce the number of dropped packets. More-
over, if the client cannot drain packets from the Packet Server quickly enough, the
Packet Server ensures that the oldest packets are dropped rather than the newest. The
opposite would be true if the client were reading directly from the network. In addition,
the Packet Server can enable a higher packet throughput when it can run on a separate
processor.

When only one client needs to connect to the Packet Server, you can use vrlinkd3i,
which comes standard with VR-Link.
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Using the Packet Server with Multiple Clients per Host

On some UNIX platforms, you need a Packet Server to run more than one VR-Link
DIS application on a single machine. You can use the vrlinkd3i version if you are
running two or three applications and the applications communicate only among
themselves. Otherwise, you need the vrlinkdu version.

Figure 10-7 depicts some common configurations of applications using a Packet Server.
In scenario A, each machine hosts one application, so no Packet Server is necessary.
However, Machine #3 uses one anyway for improved packet handling. In scenario B,
one machine hosts two applications. On some platforms, the unlimited vrlinkdu
version is required in such a case to connect multiple applications to an external
network. In scenario C, the Packet Server is used in internal mode to connect three
applications on the same machine.

10.10.5. Using the Packet Server in HLA
When you use the MAK RTI, you might want to use the Packet Server for the same
reasons you would in DIS, to:

+ Get around a platform’s one-application-per-port rule

+ Offload network 1/O to a separate process

+ Run an exercise solely on a single machine without generating any network traffic.
Like VR-Link-based DIS applications, applications that use the MAK RTI automati-

cally connect to a packet server if one is running on the port you are using, otherwise
they connect directly to the network.
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10-16

A Machine #1 Machine #2 Machine #3
Application #1 Application #2 Application #3
b e b e b e

vrlinkd3i
Packet Server
* * DIS Network

B Machine #1 Machine #2
Application #1 Application #2 Application #3
o N || . e

vrlinkdu
Packet Server
DIS Network *
C Machine #1

Application #1 Application #2 Application #3
N b % b

g /
vrlinkd3i
Packet Server

—

—
Only one machine is used in
the exercise. No network
connection is needed.

Figure 10-7. Scenarios using the Packet Server.
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10.10.6. Starting the Packet Server

> To start the Packet Server, run vrlinkd3i or vrlinkdu with the number specifying the
UDP port to be serviced.

The example below starts a Packet Server on port 3000, which is the default port for
VR-Link applications:

vrlinkd3i 3000
By default, the Packet Server starts in external mode.
> To run the Packet Server in internal mode, start it with the -1 option.

> To run the Packet Server in the background after initialization (as a daemon), start
it with the - B option.

For example, the following command starts an internal Packer Server in the back-
ground on UDP port 3001.

vrlinkd3i -1 -B 3001

Startup options appear before the port number on the command line. The options in
Table 10-8 apply to both Packet Server configurations.

Table 10-8: Packet Server Startup Options (Sheet 1 of 2)

Option Description
portnum The UDP port number is the Packet Server’s only required argument.
- A addr Specifies where to send packets that are received from clients

created with VR-Link versions prior to 2.4.2. addr is an IP address,
and may be a broadcast, point-to-point or multicast address.

This option does not apply to applications created with newer VR-
Link versions, which choose their own destination address.

Do not use this option with -D.

-B Tells the Packet Server to execute in the background (as a daemon),
and sets the notify level (option -N) to 2.

-D device Tells the Packet Server to listen to the network on which devi ce
listens. devi ce is the name of a network device, (for example, ecO or
le0). Use netstat -i to list available devices.

The destination address for packets sent by pre-2.4.2 clients is set to
the broadcast address of devi ce. The -D and -A should not be used
together.

-1 Starts the Packet Server in internal mode, ignoring the network.

-n Tells the Packet Server to drop new packets rather than old ones
when the queue is full and the drop mode is not specified by the
client.
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Table 10-8: Packet Server Startup Options (Sheet 2 of 2)

Option Description
-N level Sets notify level to one of the following:
0 FATAL 2 NOTIFY
1 WARNINGS 3 INFO (default)
-r size Sets the size of the queue the Packet Server uses to receive packets

from pre-2.4.2 clients for clients that do not specify a size. The
default is 20 KB.

-s size Sets the size of the queue the Packet Server uses to send packets to
clients for clients that do not specify a size. The default is 200 KB.

-u state Turns unbundling on or off depending on whether state is 1 or O
respectively. Unbundling is on by default.

-w Tells the Packet Server, when dropping old packets, not to wait for the
queue lock when the client has the lock, and to drop the packet
instead. The Packet Server may run slightly faster in this mode while
dropping relatively few new packets.
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10.10.7. Stopping the Packet Server

> If the Packet Server is running in the foreground, stop it by typing ‘q’, then Enter,
or Ctrl-C.

> If the Packet Server is running in the background, stop it using the VR-Link
daemon controller:

vdc server-port q

The Packet Server also can terminate in response to a SIGTERM or SIGINT signal, or
a terminate message from another process.

When terminating, the Packet Server first notifies each client that it is closing the
connection to the client. Typically, the next read or write by a client after such notifica-
tion causes a fatal error in the client.

The Packet Server also closes connections if you change its mode and it is serving too
many clients for the new mode. For example, if you connect three clients to vrlinkd3i
running in internal mode, then to switch to external mode, the connections to all but
the first client are closed.

10.10.8. Packet Server Controls

When the Packet Server is running in the foreground, you can control it using its
keyboard controls. When it is running in the background, you can control it through
messages from another process such as the vdc program (see “vdc — the VR-Link
Daemon Controller,” on page 10-11) or your own application.

The keyboard controls consist of the single-character commands summarized in Table
10-9. Each command is followed by the Enter key.

Table 10-9: Packet Server Control Keys

Key Purpose

c Print server client status.
e Set Packet Server to external mode.

i Set Packet Server to internal mode.

n Turn unbundling off.

p Cause server to ping clients.
q Terminate Packet Server.

s Print server status.

u Turn unbundling on.
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When you run the Packet Server in the background, the vdc daemon controller
program uses these same single character commands and some additional ones. See
“Background Operation,” on page 10-21 for more information.

10.10.9. Pinging Clients

> To cause the Packet Server to ping its clients, press the “p” key.

It determines whether the clients are still alive, and then sends them a control message.
Client applications then typically display a reception message, thus indicating that
packet-server connections are intact.

If a client is no longer alive, the Packet Server removes it from its list of clients.

10.10.10. Unbundling Packets

The Packet Server can extract individual PDUs that are concatenated into the same IP
packet. The PDUs are served to clients one at a time as if each had arrived in its own
packet. Unbundling is on by default.

> To turn off packet bundling, use the - u o startup option, or press the “n” key.

10.10.11. Status Commands

The server status command (the “s” key) displays the following information:

+ The Packet Server’s internal/external mode status

The UDP port number

The bundling mode

The number of packet clients and control-only clients

The maximum number of clients allowed for the current mode.

*

*

*

*

The client status command (the ¢ key) displays the server status followed by this infor-
mation for each client:
+ Whether the client is a packet client or control client
The client’s ID (used for IPC keys) and process 1D
The number of messages sent and received
Old messages and new messages dropped
Size of the send and receive queues
The list of mode flags currently in effect (Read, Write, Notify, and so on).

*

*

*

*

*
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10.10.12. Queue Sizes

Packets are dropped when a client does not drain the buffers often enough for a given
queue size. You may be able to compensate for this problem by increasing the size of the
Packet Server’s send queue.

Shared memory is always allocated in full page sizes, typically 4kBytes. The
Packet Server allocates a single shared memory segment equal to the
combined size of the send and receive queues. Therefore, for the most
efficient use of system resources, specify send and receive queue sizes that add
up to a multiple of 4kB.

> To set the send and receive queue sizes, use the -s and - r startup options, respec-
tively.

10.10.13. Technical Notes

This section contains additional technical information.

External-Mode Operation with a Single Client

vrlinkd3i supports one client in external mode. Using the packet server in this way
moves filtering into a separate process, which is useful on multiprocessing machines. It
also allows the application to vary the effective amount of network packet buffering,
which can be especially helpful to applications that do not service the network often.
Finally, it allows the network to be turned on and off from the application or from an
external controller such as vdc.

Background Operation

Using the - B option to run the Packet Server as a daemon is similar to executing a shell
background job, but differs in the following respects:

+ Control is returned to the caller only after the port is tested for availability

+ Termination by the control client is enabled

+ Diagnostics are sent to sysl og

+ The notify level is set to ignore Info.

The server behaves as a polite daemon (own process group, no control terminal, and
cwd Set to /tmp).

The Application’s Interface to the Packet Server

Client applications use the DtClientSocket packet interface to send and receive packets
through the server. The DtClientSocket is a DtSocket that sends and receives packets
with the help of the Packet Server. For details, see
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Constraints Imposed by System Resources

While vrlinkdu has no inherent limit to the number of clients it can support, it may be
limited by the availability of System V IPC resources. Each client uses a separate sema-
phore id. Some UNIX systems are configured to allow only ten. You can modify this by
reconfiguring the kernel. For large numbers of clients, you may also need to increase the
total system-wide number of semaphores (which is different from the limit on sema-
phore ids) and the number of shared memory segments.

The allowable maximum queue size is also constrained by the system limit on the size of
shared memaory segments.

The Server Socket File

The server accepts control requests (for example, add new client) on an AF-UNIX
socket file in /tmp (for example, /tmp/vld-3000). If this file is removed, then no further
control requests will be accepted. In fact, control requests will return with the error:

no vrlink server on port nnnn

Without its socket file, the server will continue to function with existing clients, but
will not be able to add new clients or change communication mode.

> To restore these capabilities, restart the server and reestablish connections for the
clients.

> To terminate a background server that has lost its socket file, use ki1 -15.
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10.11. buffgrep (UNIX only)

The buffgrep utility searches the standard input for buffers matching one or more
patterns. It is typically used with netdump (“netdump (DIS Only),” on page 10-7) or
hlaNetdump (“hlaNetdump (HLA only),” on page 10-9).

A buffer is defined as all the lines from the end of the last buffer (or the beginning of
the stream) up to and including the first line that matches a specified ending pattern.
Buffers that contain any of the search patterns specified are copied to the standard
output. buffgrep patterns are regular expressions like those used by grep and ed.

The buffgrep syntax is:
buffgrep [-v] endpattern patl [pat2.]

The -v option causes buffgrep to print a buffer only if no line contains any of the speci-
fied patterns patl, pat2, and so on.

buffgrep is often useful in conjunction with netdump (or hlaNetdump) and awk. When
using buffgrep in this manner, use the following sequence as the endpattern:

CAg

10.11.1. buffgrep Examples
Print out all DIS EntityState PDUs:

netdunp | buffgrep '~$ EntityState
Print out all attribute updates from objects of the class MilitaryAirLandPlatform:
hl aNetdunp | buffgrep '~$'" MlitaryAirLandPl atform
Print out all Fire Interactions from object named MyEnt
hl aNet dunp | buffgrep '*$' Firelnteraction | buffgrep '*$ 'From*MWEnt'
Print out all HLA fire interactions:
hl aNet dunp | buffgrep '*$' Firelnteraction
Print out all EntityState PDUs from entity 1:8:1:
netdunp | buffgrep '~$' EntityState | buffgrep '~$ 'From*1:8:1'
Print out all Fire Interactions from entity named “F18”:
hl aNet dunp | buffgrep '~$' Firelnteraction | buffgrep -v '~$ 'From *F18'
Print out only the PDU banner, TimeStamp, and Velocity for Collision PDUs:
netdunp | buffgrep '~$ Collision | awk '/PDU /TineStanp/ /Velocity/"
Print out the TimeStamp changes in updates from entity named F18:

hl aNet dunp | buffgrep '~$ ' Nane.*F18' |
awk '/ TimeStanp:/ {dt=%$2-t; t=%$2; print $0, " ", dt}'
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Guide to VR-Link Header Files — Convenience Header Files

A.1. Convenience Header Files

Some VR-Link header files exist simply for convenience or to provide protocol inde-
pendence, and do not require further description in this manual.

The following four files each include the other header files for their respective libraries:

matrixInc.h
vlinc.h
mtlinc.h
vlutillnc.h.

*

*

*

*

For convenience, you can include just these general header files in your code. However,
you might speed up compilation by including only the header files you need.

The following files group other related header files together for convenience:

+ mathTypes.h
+ pdus.h

groups math-related headers, defines math macros
groups all PDU headers.

A.1.1. Header Files for Protocol Independence

A-2

Table A-1 lists header files that are used for protocol-independence.

Table A-1: Header files for protocol independence (Page 1 of 2)

This file: Provides protocol independence for:

acklinter.h Acknowledge interactions

actReqlnter.h Action request interactions

actResplnter.h Action response interactions

aggPub.h
collidelnter.h
commentinter.h
createEntint.h
datalnter.h
dataQlnter.h
detonatelnter.h
entityPub.h
eventReplnter.h
exerciseConn.h

firelnter.h

Local aggregates
Collision interactions
Comment interactions
Entity interactions

Data interactions

Data query interactions
Detonation interactions
Local entities

Event report interactions
Exercise connections

Fire interactions
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Table A-1: Header files for protocol independence (Page 2 of 2)

This file:

Provides protocol independence for:

interaction.h
Icinter.h
refEmitLst.h
reflAggList.h
reflectedAgg.h
reflectedEnt.h
reflEmittr.h
reflEntList.h
remEntinter.h
reflObjList.h
reflectedObj.h
repComplinter.h
repRespinter.h
resupplylnter.h
servReqlnter.h
setDatalnter.h
signallnter.h
startinter.h
stateMsg.h
stoplinter.h

vcinter.h

Base interactions

Logger control interactions
Reflected emitter lists
Reflected aggregate lists
Reflected aggregates
Reflected entities

Reflected emitters

Reflected entity lists
Remove entity interactions
Reflected object lists
Reflected objects

Repair complete interactions
Repair response interactions
Resupply interactions
Service request interactions
Set data interactions

Signal interactions

Start and resume interactions
State messages

Stop and freeze interactions

View control interactions

MAK VR-Link Developer’s Guide



Guide to VR-Link Header Files — Class-to-Header Cross Reference

A.2. Class-to-Header Cross Reference

A-4

Table A-2 contains an alphabetical list of VR-Link classes along with the header file that
contains each one. In the VR-Link Reference Manual, the The names of the header files

are links to the header file code.

Table A-2: Classes and their Corresponding Header Files (Page 1 of 19)

Class

Header File

DtAbsNotifyObserver
DtAbsoluteVCPdu
DtAcknowledgeDecoder
DtAcknowledgeEncoder
DtAcknowledgelnteraction
DtAcknowledgePdu
DtAcknowledgeRPdu
DtAckPredOpt
DtActionRequestDecoder
DtActionRequestEncoder
DtActionRequestinteraction
DtActionRequestPdu
DtActionRequestRPdu
DtActionRequestToObjDecoder
DtActionRequestToObjEncoder
DtActionRequestToObjinter
DtActionResponseDecoder
DtActionResponseEncoder
DtActionResponselnteraction
DtActionResponseFromObjDecoder
DtActionResponseFromObjEncoder
DtActionResponseFromObijlnter
DtActionResponsePdu

DtActionResponseRPdu

absNotifyObs.h
vcPdu.h
hAckDec.h
hAckEnc.h
hAckInter.h
ackPdu.h
ackRPdu.h
smUtil.h
hActRegDec.h
hActRegEnc.h
hActReqlnter.h
actionPdu.h
actRegRPdu.h
hActReqObjDec.h
hActReqObjEnc.h
hActReqObijlnt.h
hActRespDec.h
hActRespEnc.h
hActResplinter.h
hActRspObjDec.h
hActRspObjEnc.h
hActRspObjint.h
actionPdu.h

actRespRPdu.h
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Table A-2: Classes and their Corresponding Header Files (Page 2 of 19)

Class

Header File

DtAggregateEntityDecoder
DtAggregateEntityEncoder
DtAggregatePublisher
DtAggregatePublisher
DtAggregateStateDecoder
DtAggregateStateEncoder
DtAggregateStateRepository
DtAggregateStatePdu
DtAntennaPatternRecord
DtApproximator
DtAppSpecificRadioSignalDecoder
DtAppSpecificRadioSignalEncoder
DtArealObjectStatePdu

DtArtPart

DtArtPartList
DtArtPartThresholder
DtAttachedPartList
DtAttributeChangeRegDec
DtAttributeChangeReqgEnc
DtAttributeChangeReglnter
DtAttributeChangeResDec
DtAttributeChangeResEnc
DtAttributeChangeResInter
DtBaseEmbeddedSystemDecoder
DtBaseEmbeddedSystemEncoder
DtBaseEmitterBeamDecoder
DtBaseEmitterBeamEncoder

DtBaseEntityDecoder

aggEntDec.h
aggEntEnc.h
dAggPub.h
hAggPub.h
dAggDec.h
dAggEnc.h
aggregateSR.h
aggStatePdu.h
antPatRec.h
approximator.h
hAppRadSigDec.h
hAppRadSigEnc.h
arealObjStPdu.h
artPart.h
artPartList.h
artPartThresh.h
attPartList.h
hAttChgReqgDec.h
hAttChgRegEnc.h
hAttChgReqlint.h
hAttChgResDec.h
hAttChgResEnc.h
hAttChgResInt.h
baseEmbedDec.h
baseEmbedEnc.h
baseEmittrDec.h
baseEmittrEnc.h

baseEntDec.h
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A-6

Table A-2: Classes and their Corresponding Header Files (Page 3 of 19)

Class

Header File

DtBaseEntityEncoder
DtBaseEntityStateRepository
DtBaseExerciseConn
DtBaseHashKey

DtBaseMsg
DtBaseReflectedAggregate
DtBaseReflectedEntity
DtBasicFixedWingAircraftRecord
DtBasicGroundCombatSoldierRecord
DtBasicGroundCombatVehicleRecord
DtBasicRotorWingAircraftRecord
DtBeamAntennaPatternRecord
DtBurstDescriptor
DtCartesianView

DtClientSocket
DtCollisionDecoder
DtCollisionEncoder
DtCollisionElasticPdu
DtCollisionInteraction
DtCollisionPdu
DtCommentDecoder
DtCommentEncoder
DtCommentlinteraction
DtCommentPdu
DtCommentRPdu
DtCompassVCPdu
DtCoordTransform

DtCoordTranslation

baseEntEnc.h
baseEntitySR.h
baseExConn.h
baseHashKey.h
baseMsg.h
baseReflAgg.h
baseReflEnt.h
gedBasFixWing.h
gedBasSoldier.h
gedBasVehicle.h
gedBasRotWing.h
beamAntRec.h
hostStructs.h
cartView.h
ClientSocket.h
hCollideDec.h
hCollideEnc.h
collisElasPdu.h
hCollideInter.h
collidePdu.h
hCommentDec.h
hCommentEnc.h
hCommentinter.h
commentPdu.h
commentRPdu.h
vcPdu.h
LibMatrix.h

LibMatrix.h
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Table A-2: Classes and their Corresponding Header Files (Page 4 of 19)

Class Header File
DtCreateEntityDecoder hCreatEntDec.h
DtCreateEntityEncoder hCreatEntEnc.h

DtCreateEntitylnteraction
DtCreateEntityPdu
DtCreateEntityRPdu
DtCreateObjRegDecoder
DtCreateObjRegEncoder
DtCreateObjReglnter
DtCreateObjectResultDecoder
DtCreateObjectResultEncoder
DtCreateObjectResultinter
DtCsFilterTest
DtDatabaselndexRadioSignalDecoder
DtDatabaselndexRadioSignalEncoder
DtDataDecoder
DtDataEncoder
DtDatalnteration

DtDataPdu
DtDataQueryDecoder
DtDataQueryEncoder
DtDataQuerylnteraction
DtDataQueryPdu
DtDataQueryRPdu
DtDataRPdu

DtDatumMap
DtDatumMapEntry

DtDatumRecordSet
DtVarDatumSpec

hCreatEntint.h
createPdu.h
createEntRPdu.h
hCrtObjRegDec.h
hCrtObjRegEnc.h
hCrtObjReqInt.h
hCrtObjResDec.h
hCrtObjResEnc.h
hCrtObjReslInt.h
ClientSocket.h
hDbiRadSigDec.h
hDbiRadSigEnc.h
hDataDec.h
hDataEnc.h
hDatalnter.h
dataPdu.h
hDataQDec.h
hDataQEnc.h
hDataQlnter.h
queryPdu.h
dataQueryRPdu.h
dataRPdu.h
datumMap.h
datumMap.h

datumRecSet.h
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A-8

Table A-2: Classes and their Corresponding Header Files (Page 5 of 19)

Class Header File
DtDcm dcm.h
DtDeadReckoner deadReckoner.h

DtStateDecoderFactory
DtDesignatorDecoder
DtDesignatorEncoder
DtDesignatorPdu
DtDesignatorPublisher
DtDesignatorRepository
DtDetonationDecoder
DtDetonationEncoder
DtDetonationInteraction
DtDetonationPdu
DtDirectedRotRate
DtDirectRtiAmbassador
DtDiscoverObjectCblinfo
DtEntityPublisher
DtExerciseConn
DtDisPduFactory
DtReflectedEntity
DtReflectedEntityList
DtDmeGlobalFcns
DtElectromagneticEmissionPdu
DtEmbeddedSystemRepository
DtEmissionPdu
DtEmitterBeamPublisher
DtEmitterBeamRepository
DtEmitterSystemDecoder

DtEmitterSystemEncoder

decFactory.h
designatorDec.h
designatorEnc.h
designatePdu.h
hDesignatrPub.h
designatorSR.h
hDetDec.h
hDetEnc.h
hDetlnter.h
detonatePdu.h
directRotRate.h
dirRtiAmb.h
dscvObjCblinfo.h
dEntityPub.h
dExerciseConn.h
disPduFactory.h
dReflectedEnt.h
dReflEntList.h
datumMap.h
elecEmitPdu.h
embedSystemSR.h
emissionPdu.h
hEmitrBeamPub.h
emittrBeamSR.h
emitterSysDec.h

emitterSysEnc.h
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Table A-2: Classes and their Corresponding Header Files (Page 6 of 19)

Class

Header File

DtEmitterSystemPublisher
DtEmitterSystemRepository
DtEmptyFomMapper
DtEncodedAudioRadioSignalDecoder
DtEncodedAudioRadioSignalEncoder
DtEnhancedFixedWingAircraftRecord
DtEnhancedGroundCombatSoldierRecord
DtEnhancedGroundCombatVehicleRecord
DtEnhancedRotorWingAircraftRecord
DtEnvironmentalEntityDecoder
DtEnvironmentalEntityEncoder
DtEntityldentifier

DtEntityPublisher

DtEntityStateDecoder
DtEntityStateEncoder
DtEntityStatePdu
DtEntityStateRepository
DtEntityStateUpdatePdu
DtEntityType
DtEnvironmentalProcessPdu
DtEnvironmentTypeRecord
DtEventld
DtEventReportDecoder
DtEventReportEncoder
DtEventReportinteraction
DtEventReportPdu

DtEventReptRPdu

hEmittrSysPub.h
emitterSysSR.h
emptyFomMap.h
hEncARSigDec.h
hEncARSigEnc.h
gedEnhFixWing.h
gedEnhSoldier.h
gedEnhVehicle.h
gedEnhRotWing.h
envDec.h
envEnc.h
hostStructs.h

dEntityPub.h
hEntityPub.h

dEntityDec.h
dEntityEnc.h
esPdu.h
entitySR.h
esUpdatePdu.h
hostStructs.h
envProcPdu.h
enviroTypeRec.h
eventld.h
hEventRepDec.h
hEventRepEnc.h
hEventReplInt.h
eventReptPdu.h

eventReptRPdu.h
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A-10

Table A-2: Classes and their Corresponding Header Files (Page 7 of 19)

Class

Header File

DtExerciseConn

DtFederateld

DtFedReader

DtFedTarget

DtFilename

DtFilterTest

DtFireDecoder

DtFireEncoder
DtFirelnteraction

DtFirePdu

DtFom

DtFomMapper
DtFundamentalParameterData
DtFundamentalParameterData
DtGenericObjectDecoder
DtGenericObjectEncoder
DtGenericObjectPublisher
DtGenericStateRepository
DtGeodeticCoord
DtGloballdHashList
DtGlobalObjectDesignator
DtGlobalObjectDesignatorList
DtGridAxisRecordFixed
DtGridAxisRecordVariable
DtGridDataRecord
DtGridDataRecordTypeO
DtGridDataRecordType

DtGridDataRecordType2

hExerciseConn.h
hostStructs.h
fedReader.h
fedTarget.h
filename.h
Socket.h
hFireDec.h
hFireEnc.h
hFirelnter.h
firePdu.h

fom.h
fomMapper.h
elecEmitPdu.h
emissionPdu.h
genericDec.h
genericEnc.h
genericPub.h
genericSR.h
geodCoord.h
globldHLst.h
globalObjDes.h
objDesList.h
gridAxiRecFix.h
gridAxiRecVar.h
gridDataRec.h
gridDataRecTO.h
gridDataRecT1.h

gridDataRecT2.h
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Table A-2: Classes and their Corresponding Header Files (Page 8 of 19)

Class

Header File

DtGriddedDataPdu
DtGroundLogisticsVehicleRecord
DtGroupVCPdu
DtHashedltem

DtHashltem

DtHashlist

DtHlaObject
DtHlaObjectFactory
DtHlaObjectWithStateRep
DtHlaStateDecoder
DtHlaStateEncoder
DtIffAtcNavaidsBeamData
DtIffAtcNavaidsLayerHeader
DtlffAtcNavaidsOperational
DtIffAtcNavaidsParameter

DtIffAtcNavaidsPdu

DtIffAtcNavaidsSecondOperational

DtlffAtcNavaidsSystemID
Dtinteraction

Dtinteraction
DtinteractionDecoder
DtInteractionDecoderFactory
DtinteractionEncoder
DtinteractionEncoderFactory
DtinteractionFactory
DtinteractionManager
DtinteractionWithData

DtInteractionWithEncDec

gridDataPdu.h
gedLogVehicle.h
vcPdu.h
DtOldHashlist, DtOldIntrusiveHashlist
hashltem.h
hashlist.h
hlaObj.h
hlaObjFact.h
hlaObjWithSR.h
hStateDecoder.h
hStateEncoder.h
iffAtcNavBeam.h
iffAtcNavLayr.h
iffAtcNavOper.h
iffAtcNavParm.h
iffAtcNavPdu.h
iffAtcNavOpr2.h
iffAtcNavSyID.h
dinteraction.h
hinteraction.h
interDecoder.h
intDecFact.h
interEncoder.h
intEncFact.h
hinterFactory.h
interMgr.h
hinterWData.h

hintWEncDec.h
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A-12

Table A-2: Classes and their Corresponding Header Files (Page 9 of 19)

Class

Header File

DtinterClassDesc
DtintercomControlPdu
DtintercomEntityDestRec
DtIntercomGroupAsgmtRec
DtintercomGroupDestRec
DtintercomParmRec
DtIntercomSignalPdu
DtIntHashKey
Dtintrusivelist
DtlsGroupOfPdu
DtlsPartOfPdu
DtJammerBeamDecoder
DtJammerBeamEncoder
DtLaserPdu
DtLeAppearancePdu

DtLeArticulatedPartsPdu

DtLeDeadReckoningParameters

DtLeDetonationPdu
DtLeEntityID

DtLeEntityLinearVelocity

DtLeEntityLocationEntityCoordinates

DtLeEntityLocationWorldCoordinates

DtLeEntityOrientation
DtLeFirePdu
DtLeOrientationError
DtLePositionError
DtLeTspiPdu

DtLgrControlDecoder

intClassDesc.h
intercmCtIPdu.h
intercmEntDst.h
intercmGrpAsg.h
intercmGrpDst.h
intercmParRec.h
intercmSigPdu.h
intHashKey.h
viList.h
isGroupOfPdu.h
isPartOfPdu.h
jammerBeamDec.h
jammerBeamEnc.h
laserPdu.h
leAppearPdu.h
leArtPartsPdu.h
leDeadReck.h
leDetonPdu.h
leEntitylD.h
leEntityVel.h
leLocEntity.h
leLocWorld.h
leEntityOri.h
leFirePdu.h
leOriError.h
lePosError.h
leTspiPdu.h

hLcDec.h
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Table A-2: Classes and their Corresponding Header Files (Page 10 of 19)

Class Header File
DtLgrControlEncoder hLcEnc.h
DtLgrControlinteraction hLcInter.h
DtLgrControlPdu IcPdu.h
DtLgrEndPdu IcEnd.h
DtLgrEofActionPdu IcEofAction.h
DtLgrHeartbeatPdu IcHeartbeat.h
DtLgrPausePdu IcPause.h
DtLgrPlayPdu IcPlay.h
DtLgrPlayActionPdu IcPlayAction.h

DtLgrPbFilePdu
DtLgrQuitPdu
DtLgrRecordActionPdu
DtLgrRecFilePdu
DtLgrRecordPdu
DtLgrSetTimePdu
DtLgrSkipTimePdu
DtLgrStartPdu
DtLgrStopPdu
DtLgrTimeScalePdu
DtLgrTimeoutPdu
DtLinearObjectStatePdu
DtLinearSegmentParameter
DtList

DtListedObj

DtListltem
DtLocalHlaObjectManager
DtMessagePdu

DtMilitaryEntityDecoder

IcPlayFile.h
IcQuit.h
IcRecAction.h
IcRecFile.h
IcRecord.h
IcSetTime.h
IcSkipTime.h
IcStart.h
IcStop.h
IcTimeScale.h
IcTimeout.h
linObjStPdu.h
linSegParam.h
viList.h
viList.h
viList.h
locObjMgr.h
messagePdu.h

milEntDec.h
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Table A-2: Classes and their Corresponding Header Files (Page 11 of 19)

Class Header File
DtMilitaryEntityEncoder milEntEnc.h
DtMilitaryPlatformEntityDecoder milPlatDec.h
DtMilitaryPlatformEntityEncoder milPlatEnc.h
DtMimicTrackVCPdu vcPdu.h
DtMimicVCPdu vcPdu.h

DtMinefieldDataPdu
DtMinefieldPerimeterRecord
DtMinefieldQueryPdu
DtMinefieldResponseNackPdu
DtMinefieldStatePdu
DtModelessVCPdu
DtModulationType
DtMunitionEntityDecoder
DtMunitionEntityEncoder
DtNet32Vector
DtNet64Vector
DtNetBoolean
DtNetBurstDescriptor
DtNetEntityldentifier
DtNetEntityMarking
DtNetEntity Type
DtNetEulerAngles
DtNetEventld
DtNetFederateld
DtNetFloat32

DtNetFloat64
DtNetGlobalObjectDesignator

DtNetInt16

mineDataPdu.h

minePerimeter.h
mineQueryPdu.h
mineRsNackPdu.h

mineStatePdu.h

vcPdu.h
transmitPdu.h
munEntDec.h
munEntEnc.h
NetStructs.h
NetStructs.h
netBoolean.h
NetStructs.h
NetStructs.h
NetStructs.h
NetStructs.h
NetStructs.h
NetStructs.h
NetStructs.h
NetTypes.h
NetTypes.h
NetStructs.h

NetTypes.h
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Table A-2: Classes and their Corresponding Header Files (Page 12 of 19)

Class

Header File

DtNetInt32
DtNetRadioEntity Type
DtNetSimulationAddress
DtNetSocket
DtNetTimeStamp
DtNetU16

DtNetU32
DtNullFederateAmbassador
DtObjClassDesc

DtObjectld
DtObjectldHashKey
DtObjectldHashlist
DtObjectPublisher
DtObjectReflectAttributeValuesCblinfo
DtObjectType

DtOldHashlist, DtOldIntrusiveHashlist

NetTypes.h
NetStructs.h
NetStructs.h
NetSocket.h
netTimeStamp.h
NetTypes.h
NetTypes.h
nullFedAmb.h
objClassDesc.h
hostStructs.h
objldHashKey.h
objldHashLst.h
hObjPub.h
objRefCbInfo.h

objectType.h

In VR-Link 3.3, we significantly changed the semantics of our DtHashlist class. The
new version is defined in hashlist.h. The older DtHashlist class has been renamed
DtOldHashlist, and is still defined here in this file for backwards compatibility. While
we suggest that you port your code to the new DtHashlist, which is cleaner and
easier to use, if you do not want to make that change, you can just use DtOldHashlist
wherever you used to use DtHashlist, and the rest of your old code should work.

DtOrbitVCPdu

DtPdu
DtPduCallbackinfo
DtPduCallbackManager
DtPduDatumRecordSet
DtPduFactory
DtPduWithData

DtPhysicalEntityDecoder

vcPdu.h

pdu.h
pduCblinfo.h
pduCbMgr.h
pduDatRecSet.h
pduFactory.h
pduWithData.h

physEntDec.h
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Table A-2: Classes and their Corresponding Header Files (Page 13 of 19)

Class

Header File

DtPhysicalEntityEncoder
DtPointObjectStatePdu
DtPropulsionSystem
DtRadarBeamDecoder
DtRadarBeamEncoder
DtRadioEntity Type
DtRadioReceiverDecoder
DtRadioReceiverEncoder
DtRadioReceiverPublisher
DtRadioReceiverRepository
DtRadioTransmitterDecoder
DtRadioTransmitterEncoder
DtRadioTransmitterPublisher
DtRadioTransmitterRepository
DtRawBinaryRadioSignalDecoder
DtRawBinaryRadioSignalEncoder
DtReceivelnteractionCbinfo
DtReceiverPdu

DtRecordPdu
DtRecordQueryPdu
DtRecordSet

DtRecordSetPdu
DtReflectAttributeValuesCbinfo
DtReflectAttributeValuesCbList
DtReflectedAggregate
DtReflectedAggregate
DtReflected Aggregatelist

DtReflectedAggregatelList

physEntEnc.h
pointObjStPdu.h
supEmisEsProp.h
radarBeamDec.h
radarBeamEnc.h
hostStructs.h
radioRecvrDec.h
radioRecvrEnc.h
hRadioRcvrPub.h
radioRecvrSR.h
radioXmitDec.h
radioXmitEnc.h
hRadioXmitPub.h
radioXmitSR.h
hRawBinRSDec.h
hRawBinRSEnc.h
recintrCbinfo.h
receivePdu.h
recordPdu.h
recQueryPdu.h
recordSet.h
recordSetPdu.h
refAttrCbinfo.h
refAttrCbList.h
dReflectedAgg.h
hReflectedAgg.h
dReflAgglList.h

hReflAggList.h
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Table A-2: Classes and their Corresponding Header Files (Page 14 of 19)

Class

Header File

DtReflectedEmitterBeamList
DtReflectedDesignatorList
DtReflectedEmitterSystemList
DtReflectedEmitterBeam
DtReflectedDesignator

DtReflectedEmitterSystem

DtReflectedEmitterSystemList

DtReflectedEntity

DtReflectedEntityList

DtReflectedGenericObject
DtReflectedGenericObjectList
DtReflectedHlaObjectManager

DtReflectedObject

DtReflectedObjectCallbackinfo

DtReflectedObjectList

DtReflectedRadioReceiver
DtReflectedRadioTransmitter
DtReflectedRadioRecieverList
DtReflectedRadioTransmitterList
DtRegControlCblinfo
DtRegControlCbList
DtRemoveEntityDecoder
DtRemoveEntityEncoder

DtRemoveEntitylnteraction

hRefBeamlList.h
hRefDesigList.h
hRefEmSysList.h
hReflBeam.h
hReflDesigntr.h

hReflEmitrSys.h
dReflEmitrSys.h

dRefEmSyslList.h

dReflectedEnt.h
hReflectedEnt.h

hReflEntList.h
dReflEntList.h

refGenericObj.h
refGenList.h
refObjMgr.h

hReflectedObj.h
dReflectedObj.h

refObjCblinfo.h

hRefObijList.h
dRefObijList.h

hReflRadRecvr.h
hReflRadXmitr.h
hRefRadRvList.h
hRefRadXmlList.h
regCtICblinfo.h
regCtICbList.h
hRemovEntDec.h
hRemovEntEnc.h

hRemovEntint.h
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Table A-2: Classes and their Corresponding Header Files (Page 15 of 19)

Class Header File
DtRemoveEntityPdu removePdu.h
DtRemoveEntityRPdu removeEntRPdu.h

DtRemoveObjectCblinfo

DtRemoveObjectRequestDecoder

DtRemoveObjectRequestEncoder

DtRemoveObjectRequestinter

DtRemoveObjectResultDecoder

DtRemoveObjectResultEncoder

DtRemoveObjectResultinter
DtRepairCompleteDecoder
DtRepairCompleteEncoder
DtRepairCompletelnteraction
DtRepairCompletePdu
DtRepairResponseDecoder
DtRepairResponseEncoder
DtRepairResponselnteraction
DtRepairResponsePdu
DtResupplyCancelDecoder
DtResupplyCancelEncoder
DtResupplyCancellnteraction
DtResupplyCancelPdu
DtResupplyOfferDecoder
DtResupplyOfferEncoder
DtResupplyOfferinteraction
DtResupplyOfferPdu
DtResupplyReceivedDecoder
DtResupplyReceivedEncoder

DtResupplyReclinteraction

remObjCbInfo.h
hRemObjReqgDec.h
hRemObjReqEnc.h
hRemObjReqint.h
hRemObjResDec.h
hRemObjResEnc.h
hRemObjResInt.h
hRepCompDec.h
hRepCompEnc.h
hRepComplnter.h
repairPdu.h
hRepRespDec.h
hRepRespEnc.h
hRepResplnter.h
repairPdu.h
hResCancDec.h
hResCancEnc.h
hResCanclnter.h
resupplyPdu.h
hResOffDec.h
hResOffEnc.h
hResOffInter.h
resupplyPdu.h
hResRecDec.h
hResRecEnc.h

hResRecInter.h
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Table A-2: Classes and their Corresponding Header Files (Page 16 of 19)

Class

Header File

DtResupplyReceivedPdu
DtRprFomMapper
DtRprHIaObjectFactory
DtRprinteractionDecoderFactory
DtRprinteractionEncoderFactory
DtRprinteractionFactory
DtRprStateDecoderFactory
DtRprStateEncoderFactory
DtScript

DtSelectParam
DtServiceRequestDecoder
DtServiceRequestEncoder
DtServiceRequestinteraction
DtServiceRequestPdu
DtSetDataDecoder
DtSetDataEncoder
DtSetDatalnteraction
DtSetDataPdu
DtSetDataRPdu
DtSetRecordPdu
DtSignallnteraction
DtSignalPdu
DtSilentAggregatelList
DtSilentEntityList
DtSimanPdu
DtDimpleRprFomMapper
DtSmoother

DtSmoothOrient

resupplyPdu.h
rorFomMap.h
rprObjFact.h
rpriDecFact.h
rprlEncFact.h
rprinterFact.h
rprDecFact.h
rprEncFact.h
script.h

vlutil.h
hServRegDec.h
hServRegEnc.h
hServReqlnter.h
servReqPdu.h
hSetDataDec.h
hSetDataEnc.h
hSetDatalnter.h
setDataPdu.h
setDataRPdu.h
setRecordPdu.h
hSignalinter.h
signalPdu.h
aggAgglList.h
aggEntList.h
simanPdu.h
simRprFomMap.h
smoother.h

smoothUtil.h
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Table A-2: Classes and their Corresponding Header Files (Page 17 of 19)

Class Header File
DtSmoothOriWithDr smoothOriWDR.h
DtSmoothPos smoothUtil.h
DtSmoothPosWithDr smoothPosWDR.h
DtSocket Socket.h
DtSocketPairSocket pairSock.h
DtSoldierDecoder soldierDec.h

DtSoldierEncoder
DtStartResumeDecoder
DtStartResumeEncoder
DtStartResumelnteraction
DtStartResumePdu
DtStartResumeRPdu
DtStartStoplnterCbinfo
DtStartStopinterCbList
DtStateEncoderFactory
DtStateMsg
DtStateMsg
DtStateRepository
DtStopFreezeDecoder
DtStopFreezeEncoder
DtStopFreezelnteraction
DtStopFreezePdu
DtStopFreezeRPdu
DtString
DtStringHashKey
DtSuppEmisEntStatePdu
DtSystemHashKey

DtTaitBryan

soldierEnc.h
hStartDec.h
hStartEnc.h
hStartinter.h
startPdu.h
startResRPdu.h
stIintCbinfo.h
stintCbList.h
encFactory.h
dStateMsg.h
hStateMsg.h
stateRep.h
hStopDec.h
hStopEnc.h
hStoplnter.h
stopPdu.h
stopFrzRPdu.h
str.h
strHashKey.h
supEmisEsPdu.h
sysHashKey.h

taitBryan.h
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Table A-2: Classes and their Corresponding Header Files (Page 18 of 19)

Class Header File
DtTcpForwarder tcpForwarder.h
DtTcpSocket tcpSocket.h
DtTcpSocketMgr tcpSocketMgr.h
DtTetherTrackVCPdu vcPdu.h
DtTetherVCPdu vcPdu.h
DtThresholder thresholder.h
DtTopoView topoView.h

DtTrackJamBeamDecoder
DtTrackJamBeamEncoder
DtTrackJamDesignator
DtTrackJamDesignatorList
DtTrackJamTarget

DtTrackJamTarget

DtTrackVCPdu
DtTransferControlRequestPdu
DtTransmitterPdu
DtUnderwaterAcousticAddtnlPassiveAct
DtUnderwaterAcousticBeam
DtUnderwaterAcousticEmitterSystem
DtUnderwaterAcousticPdu
DtUnderwaterAcousticShaftSpeed
DtUnknownHlaObject
DtUnknownlnteraction
DtUnknownPdu

DtUnknownVCPdu
DtUpdateControlCblinfo

DtUpdateControlCbList

trkJamBeamDec.h
trkJamBeamEnc.h
trackJamDes.h
tkdmDesLst.h
elecEmitPdu.h
emissionPdu.h
vcPdu.h
transCtIPdu.h
transmitPdu.h
undwaAcPasAct.h
undwaAcBeam.h
undwaAcEmtSys.h
undwaAcPdu.h
undwaAcShaft.h
unknownHODbj.h
hUnknownlinter.h
unknownPdu.h
vcPdu.h
updCtICbinfo.h

updCtlICbList.h
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Table A-2: Classes and their Corresponding Header Files (Page 19 of 19)

Class Header File
DtUtmCoord utmCoord.h
DtUtmView utmView.h

DtVariableDatumRecord
DtVector
DtVectoringNozzleSystem
DtViewControlDecoder
DtViewControlEncoder
DtViewControlinteraction
DtViewControlPdu
DtVrIFederateAmbassador
DtVrIFedTime

DtVrIRtiAmbassador

varDatumRec.h
viVector.h
supEmisEsNozz.h
hVcDec.h
hVcEnc.h
hVcinter.h
vcPdu.h
vrIFedAmb.h
vrlFedTime.h

vrIRtiAmb.h
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A.3. Header-to-Class Cross Reference

Table A-3 contains an alphabetical list of VR-Link header files, along with the classes
they contain. In the VR-Link Reference Manual, the The names of the header files are
links to the header file code.

Table A-3: Header Files and the Classes they Contain (Page 1 of 18)

Header File

Class

absNotifyObs.h
ackPdu.h
ackRPdu.h

actionPdu.h

actRegRPdu.h
actRespRPdu.h
aggAgglList.h
aggEntDec.h
aggEntEnc.h
aggEntList.h
aggregateSR.h
aggStatePdu.h
antPatRec.h
approximator.h
arealObjStPdu.h
artPart.h
artPartList.h
artPartThresh.h
attPartList.h
baseEmbedDec.h
baseEmbedEnc.h
baseEmittrDec.h
baseEmittrEnc.h

baseEntDec.h

DtAbsNotifyObserver
DtAcknowledgePdu
DtAcknowledgeRPdu

DtActionRequestPdu
DtActionResponsePdu

DtActionRequestRPdu
DtActionResponseRPdu
DtSilentAggregatelist
DtAggregateEntityDecoder
DtAggregatedEntityEncoder
DtSilentEntityList
DtAggregateStateRepository
DtAggregateStatePdu
DtAntennaPatternRecord
DtApproximator
DtArealObjectStatePdu

DtArtPart

DtArtPartList
DtArtPartThresholder
DtAttachedPartList
DtBaseEmbeddedSystemDecoder
DtBaseEmbeddedSystemEncoder
DtBaseEmitterBeamDecoder
DtBaseEmitterBeamEncoder

DtBaseEntityDecoder
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Table A-3: Header Files and the Classes they Contain (Page 2 of 18)

Header File

Class

baseEntEnc.h
baseEntitySR.h
baseExConn.h
baseHashKey.h
baseMsg.h
baseReflAgg.h
baseReflEnt.h
beamAntRec.h
cartView.h

ClientSocket.h

collidePdu.h
collisElasPdu.h
commentPdu.h
commentRPdu.h
createEntRPdu.h
createPdu.h
dAggDec.h
dAggEnc.h
dAggPub.h
dataPdu.h
dataQueryRPdu.h
dataRPdu.h

datumMap.h

datumRecSet.h

dcm.h

deadReckoner.h

DtBaseEntityEncoder
DrBaseEntityStateRepository

DtBaseExerciseConn

DtBaseHashKey

DtBaseMsg

DtBaseReflectedAggregate
DtBaseReflectedEntity

DtBeamAntennaPatternRecord

DtCartesianView

DtClientSocket
DtCsFilterTest

DtCollisionPdu

DtCollisionElasticPdu

DtCommentPdu

DtCommentRPdu

DtCreateEntityRPdu

DtCreateEntityPdu

DtAggregateStateDecoder
DtAggregateStateEncoder

DtAggregatePublisher

DtDataPdu
DtDataQueryRPdu
DtDataRPdu

DtDatumMap
DtDatumMapEntry
DtDmeGlobalFcns

DtVarDatumSpec

DtDatumRecordSet

DtDcm

DtDeadReckoner
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Table A-3: Header Files and the Classes they Contain (Page 3 of 18)

Header File

Class

decFactory.h
dEntityDec.h
dEntityEnc.h
dEntityPub.h
designatePdu.h
designatorDec.h
designatorEnc.h
designatorSR.h
detonatePdu.h
dExerciseConn.h
dinteraction.h
directRotRate.h
dirRtiAmb.h
disPduFactory.h
dRefEmSysList.h
dReflAggList.h
dReflectedAgg.h
dReflectedEnt.h
dReflectedObj.h
dReflEmitrSys.h
dReflEntList.h
dRefObijList.h
dscvObjCblinfo.h
dStateMsg.h

elecEmitPdu.h

embedSystemSR.h

DtStateDecoderFactory
DtEntityStateDecoder
DtEntityStateEncoder
DtEntityPublisher
DtDesignatorPdu
DtDesignatorDecoder
DtDesignatorEncoder
DtDesignatorRepository
DtDetonationPdu
DtExerciseConn
Dtinteraction
DtDirectedRotRate
DtDirectRtiAmbassador
DtDisPduFactory
DtReflectedEmitterSystemlList
DtReflectedAggregatelList
DtReflectedAggregate
DtReflectedEntity
DtReflectedObject
DtReflectedEmitterSystem
DtReflectedEntityList
DtReflectedObjectList
DtDiscoverObjectCbinfo
DtStateMsg

DtElectromagneticEmissionPdu
DtFundamentalParameterData
DtTrackJamTarget

DtEmbeddedSystemRepository
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Table A-3: Header Files and the Classes they Contain (Page 4 of 18)

Header File Class

emissionPdu.h DtEmissionPdu
DtFundamentalParameterData
DtTrackJamTarget

emitterSysDec.h DtEmitterSystemDecoder

emitterSysEnc.h DtEmitterSystemEncoder

emitterSysSR.h DtEmitterSystemRepository

emittrBeamSR.h DtEmitterBeamRepository

emptyFomMap.h DtEmptyFomMapper

encFactory.h DtStateEncoderFactory

entitySR.h DtEntityStateRepository

envDec.h DtEnvironmentalEntityDecoder

envEnc.h DtEnvironmentalEntityEncoder

enviroTypeRec.h DtEnvironmentTypeRecord

envProcPdu.h DtEnvironmentalProcessPdu

esPdu.h DtEntityStatePdu

esUpdatePdu.h DtEntityStateUpdatePdu

eventld.h DtEventld

eventReptPdu.h DtEventReportPdu

eventReptRPdu.h DtEventReptRPdu

fedReader.h DtFedReader

fedTarget.h DtFedTarget

filename.h DtFilename

firePdu.h DtFirePdu

fom.h DtFom

fomMapper.h DtFomMapper

gedBasFixWing.h DtBasicFixedWingAircraftRecord

gedBasRotWing.h DtBasicRotorWingAircraftRecord

gedBasSoldier.h DtBasicGroundCombatSoldierRecord

gedBasVehicle.h DtBasicGroundCombatVehicleRecord
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Table A-3: Header Files and the Classes they Contain (Page 5 of 18)

Header File

Class

gedEnhFixWing.h
gedEnhRotWing.h
gedEnhSoldier.h
gedEnhVehicle.h
gedLogVehicle.h
genericDec.h
genericEnc.h
genericPub.h
genericSR.h
geodCoord.h
globalObjDes.h
globldHLst.h
gridAxiRecFix.h
gridAxiRecVar.h
gridDataPdu.h
gridDataRec.h
gridDataRecTO.h
gridDataRecT1.h
gridDataRecT2.h
hAckDec.h
hAckEnc.h
hAckinter.h
hActRegDec.h
hActRegEnc.h
hActReglnter.h
hActReqObjDec.h
hActReqObjEnc.h

hActReqObijlnt.h

DtEnhancedFixedWingAircraftRecord
DtEnhancedRotorWingAircraftRecord
DtEnhancedGroundCombatSoldierRecord
DtEnhancedGroundCombatVehicleRecord
DtGroundLogisticsVehicleRecord
DtGenericObjectDecoder
DtGenericObjectEncoder
DtGenericObjectPublisher
DtGenericStateRepository
DtGeodeticCoord
DtGlobalObjectDesignator
DtGloballdHashList
DtGridAxisRecordFixed
DtGridAxisRecordVariable
DtGriddedDataPdu
DtGridDataRecord
DtGridDataRecordTypeO
DtGridDataRecordType1
DtGridDataRecordType2
DtAcknowledgeDecoder
DtAcknowledgeEncoder
DtAcknowledgelnteraction
DtActionRequestDecoder
DtActionRequestEncoder
DtActionRequestinteraction
DtActionRequestToObjDecoder
DtActionRequestToObjEncoder

DtActionRequestToObjlnter
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Table A-3: Header Files and the Classes they Contain (Page 6 of 18)

Header File

Class

hActRespDec.h
hActRespEnc.h
hActResplnter.h
hActRspObjDec.h
hActRspObjEnc.h
hActRspObjint.h
hAggPub.h
hAppRadSigDec.h
hAppRadSigEnc.h
hashltem.h
hashlist.h
hAttChgReqgDec.h
hAttChgRegEnc.h
hAttChgReqlint.h
hAttChgResDec.h
hAttChgResEnc.h
hAttChgResInt.h
hCollideDec.h
hCollideEnc.h
hCollideInter.h
hCommentDec.h
hCommentEnc.h
hCommentinter.h
hCreatEntDec.h
hCreatEntEnc.h
hCreatEntint.h
hCrtObjRegDec.h

hCrtObjRegEnc.h

DtActionResponseDecoder
DtActionResponseEncoder
DtActionResponselnteraction
DtActionResponseFromObjDecoder
DtActionResponseFromObjEncoder
DtActionResponseFromObjlnter
DtAggregatePublisher
DtAppSpecificRadioSignalDecoder

DtAppSpecificRadioSignalEncoder

DtHashltem

DtHashlist

DtAttributeChangeRegDec
DtAttributeChangeReqEnc
DtAttributeChangeReqlnter
DtAttributeChangeResDec
DtAttributeChangeResEnc

DtAttributeChangeResInter

DtCollisionDecoder

DtCollisionEncoder

DtCollisionInteraction
DtCommentDecoder
DtCommentEncoder
DtCommentinteraction
DtCreateEntityDecoder
DtCreateEntityEncoder
DtCreateEntitylnteraction
DtCreateObjRegDecoder

DtCreateObjReqgEncoder
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Table A-3: Header Files and the Classes they Contain (Page 7 of 18)

Header File

Class

hCrtObjReqlInt.h
hCrtObjResDec.h
hCrtObjResEnc.h
hCrtObjReslInt.h
hDataDec.h
hDataEnc.h
hDatalnter.h
hDataQDec.h
hDataQEnc.h
hDataQlnter.h
hDbiRadSigDec.h
hDbiRadSigEnc.h
hDesignatrPub.h
hDetDec.h
hDetEnc.h
hDetlnter.h
hEmitrBeamPub.h
hEmittrSysPub.h
hEncARSigDec.h
hEncARSigEnc.h
hEntityPub.h
hEventRepDec.h
hEventRepEnc.h
hEventReplint.h
hExerciseConn.h
hFireDec.h
hFireEnc.h

hFirelnter.h

DtCreateObjReglnter
DtCreateObjectResultDecoder
DtCreateObjectResultEncoder
DtCreateObjectResultinter
DtDataDecoder

DtDataEncoder

DtDatalnteration
DtDataQueryDecoder
DtDataQueryEncoder
DtDataQuerylnteraction
DtDatabaselndexRadioSignalDecoder
DtDatabaselndexRadioSignalEncoder
DtDesignatorPublisher
DtDetonationDecoder
DtDetonationEncoder
DtDetonationInteraction
DtEmitterBeamPublisher
DtEmitterSystemPublisher
DtEncodedAudioRadioSignalDecoder
DtEncodedAudioRadioSignalEncoder
DtEntityPublisher
DtEventReportDecoder
DtEventReportEncoder
DtEventReportinteraction
DtExerciseConn

DtFireDecoder

DtFireEncoder

DtFirelnteraction
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Table A-3: Header Files and the Classes they Contain (Page 8 of 18)

Header File

Class

hinteraction.h
hinterFactory.h
hinterWData.h
hintWEncDec.h
hlaObj.h
hlaObjFact.h
hlaObjWithSR.h
hLcDec.h
hLcEnc.h
hLclnter.h
hObjPub.h

hostStructs.h

hRadioRcvrPub.h
hRadioXmitPub.h
hRawBinRSDec.h
hRawBinRSEnc.h
hRefBeamlList.h
hRefDesigList.h
hRefEmSysList.h
hReflAggList.h
hReflBeam.h
hReflDesigntr.h
hReflectedAgg.h
hReflectedObj.h

hReflEmitrSys.h

DtInteraction

DtInteractionFactory
DtinteractionWithData

DtInteractionWithEncDec

DtHlaObject

DtHlaObjectFactory
DtHlaObjectWithStateRep
DtLgrControlDecoder
DtLgrControlEncoder
DtLgrControlinteraction
DtObjectPublisher

DtBurstDescriptor

DtEntityldentifier
DtEntity Type
DtFederateld
DtObjectld

DtRadioEntity Type
DtRadioReceiverPublisher
DtRadioTransmitterPublisher
DtRawBinaryRadioSignalDecoder
DtRawBinaryRadioSignalEncoder
DtReflectedEmitterBeamList
DtReflectedDesignatorList
DtReflectedEmitterSystemList
DtReflected Aggregatelist
DtReflectedEmitterBeam
DtReflectedDesignator
DtReflectedAggregate
DtReflectedObject

DtReflectedEmitterSystem
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Table A-3: Header Files and the Classes they Contain (Page 9 of 18)

Header File

Class

hReflectedEnt.h
hReflEntList.h
hReflRadRecvr.h
hReflRadXmitr.h
hRefObijList.h
hRefRadRvList.h
hRefRadXmlList.h
hRemObjRegDec.h
hRemObjRegEnc.h
hRemObjReqInt.h
hRemObjResDec.h
hRemObjResEnc.h
hRemObjReslInt.h
hRemovEntDec.h
hRemovEntEnc.h
hRemovEntint.h
hRepCompDec.h
hRepCompEnc.h
hRepComplnter.h
hRepRespDec.h
hRepRespEnc.h
hRepResplnter.h
hResCancDec.h
hResCancEnc.h
hResCanclnter.h
hResOffDec.h
hResOffEnc.h

hResOffInter.h

DtReflectedEntity
DtReflectedEntityList
DtReflectedRadioReceiver
DtReflectedRadioTransmitter
DtReflectedObjectList
DtReflectedRadioReceiverList
DtReflectedRadioTransmitterList
DtRemoveObjectRequestDecoder
DtRemoveObjectRequestEncoder
DtRemoveObjectRequestinter
DtRemoveObjectResultDecoder
DtRemoveObjectResultEncoder
DtRemoveObjectResultinter
DtRemoveEntityDecoder
DtRemoveEntityEncoder
DtRemoveEntitylnteraction
DtRepairCompleteDecoder
DtRepairCompleteEncoder
DtRepairCompletelnteraction
DtRepairResponseDecoder
DtRepairResponseEncoder
DtRepairResponselnteraction
DtResupplyCancelDecoder
DtResupplyCancelEncoder
DtResupplyCancellnteraction
DtResupplyOfferDecoder
DtResupplyOfferEncoder

DtResupplyOfferinteraction
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Table A-3: Header Files and the Classes they Contain (Page 10 of 18)

Header File

Class

hResRecDec.h
hResRecEnc.h
hResRecInter.h
hServReqgDec.h
hServRegEnc.h
hServReglnter.h
hSetDataDec.h
hSetDataEnc.h
hSetDatalnter.h
hSignallnter.h
hStartDec.h
hStartEnc.h
hStartinter.h
hStateDecoder.h
hStateEncoder.h
hStateMsg.h
hStopDec.h
hStopEnc.h
hStoplnter.h
hUnknownlnter.h
hVcDec.h
hVcEnc.h
hVcinter.h
iffAtcNavBeam.h
iffAtcNavLayr.h
iffAtcNavOper.h
iffAtcNavOpr2.h

iffAtcNavParm.h

DtResupplyReceivedDecoder
DtResupplyReceivedEncoder
DtResupplyReclInteraction
DtServiceRequestDecoder
DtServiceRequestEncoder

DtServiceRequestinteraction

DtSetDataDecoder

DtSetDataEncoder

DtSetDatalnteraction
DtSignallnteraction
DtStartResumeDecoder
DtStartResumeEncoder
DtStartResumelnteraction
DtHlaStateDecoder

DtHIlaStateEncoder

DtStateMsg

DtStopFreezeDecoder
DtStopFreezeEncoder
DtStopFreezelnteraction
DtUnknownlnteraction
DtViewControlDecoder
DtViewControlEncoder
DtViewControlinteraction
DtlffAtcNavaidsBeamData
DtlffAtcNavaidsLayerHeader
DtIffAtcNavaidsOperational
DtIffAtcNavaidsSecondOperational

DtlffAtcNavaidsParameter
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Table A-3: Header Files and the Classes they Contain (Page 11 of 18)

Header File

Class

iffAtcNavPdu.h
iffAtcNavSyID.h
intClassDesc.h
intDecFact.h
intEncFact.h
intercmCtlPdu.h
intercmEntDst.h
intercmGrpAsg.h
intercmGrpDst.h
intercmParRec.h
intercmSigPdu.h
interDecoder.h
interEncoder.h
interMgr.h
intHashKey.h
isGroupOfPdu.h
isPartOfPdu.h
jammerBeamDec.h
jammerBeamEnc.h
laserPdu.h
IcEnd.h
IcEofAction.h
IcHeartbeat.h
IcPause.h
IcPdu.h

IcPlay.h
IcPlayAction.h

IcPlayFile.h

DtIffAtcNavaidsPdu
DtlffAtcNavaidsSystemID
DtinterClassDesc
DtInteractionDecoderFactory
DtInteractionEncoderFactory
DtintercomControlPdu
DtintercomEntityDestRec
DtintercomGroupAsgmtRec
DtintercomGroupDestRec
DtintercomParmRec
DtIntercomSignalPdu
DtInteractionDecoder
DtinteractionEncoder
DtinteractionManager
DtintHashKey
DtlsGroupOfPdu
DtlsPartOfPdu
DtJammerBeamDecoder
DtJammerBeamEncoder
DtLaserPdu

DtLgrEndPdu
DtLgrEofActionPdu
DtLgrHeartbeatPdu
DtLgrPausePdu
DtLgrControlPdu
DtLgrPlayPdu
DtLgrPlayActionPdu

DtLgrPbFilePdu
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Table A-3: Header Files and the Classes they Contain (Page 12 of 18)

Header File

Class

IcQuit.h
IcRecAction.h
IcRecFile.h
IcRecord.h
IcSetTime.h
IcSkipTime.h
IcStart.h
IcStop.h
IcTimeScale.h
IcTimeout.h
leAppearPdu.h
leArtPartsPdu.h
leDeadReck.h
leDetonPdu.h
leEntitylD.h
leEntityOri.h
leEntityVel.h
leFirePdu.h
leLocEntity.h
leLocWorld.h
leOriError.h
lePosError.h
leTspiPdu.h

LibMatrix.h

linObjStPdu.h
linSegParam.h

locObjMgr.h

DtLgrQuitPdu

DtLgrRecordActionPdu

DtLgrRecFilePdu
DtLgrRecordPdu

DtLgrSetTimePdu

DtLgrSkipTimePdu

DtLgrStartPdu

DtLgrStopPdu

DtLgrTimeScalePdu

DtLgrTimeoutPdu

DtLeAppearancePdu
DtLeArticulatedPartsPdu
DtLeDeadReckoningParameters

DtLeDetonationPdu

DtLeEntitylD

DtLeEntityOrientation

DtLeEntityLinearVelocity

DtLeFirePdu

DtLeEntityLocationEntityCoordinates
DtLeEntityLocationWorldCoordinates

DtLeOrientationError

DtLePositionError

DtLeTspiPdu

DtCoordTransform
DtCoordTranslation

DtLinearObjectStatePdu
DtLinearSegmentParameter

DtLocalHlaObjectManager
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Table A-3: Header Files and the Classes they Contain (Page 13 of 18)

Header File

Class

messagePdu.h
milEntDec.h
milEntEnc.h
milPlatDec.h
milPlatEnc.h
mineDataPdu.h
minePerimeter.h
mineQueryPdu.h
mineRsNackPdu.h
mineStatePdu.h
munEntDec.h
munEntEnc.h
netBoolean.h
NetSocket.h

NetStructs.h

netTimeStamp.h

NetTypes.h

nullFedAmb.h

objClassDesc.h

DtMessagePdu
DtMilitaryEntityDecoder
DtMilitaryEntityEncoder
DtMilitaryPlatformEntityDecoder
DtMilitaryPlatformEntityEncoder
DtMinefieldDataPdu
DtMinefieldPerimeterRecord
DtMinefieldQueryPdu
DtMinefieldResponseNackPdu
DtMinefieldStatePdu
DtMunitionEntityDecoder
DtMunitionEntityEncoder
DtNetBoolean

DtNetSocket

DtNet32Vector
DtNet64Vector
DtNetBurstDescriptor
DtNetEntityldentifier
DtNetEntityMarking
DtNetEntity Type
DtNetEulerAngles
DtNetEventld
DtNetFederateld
DtNetGlobalObjectDesignator
DtNetRadioEntity Type
DtNetSimulationAddress

DtNetTimeStamp

DtNetFloat32
DtNetFloat64
DtNetInt16
DtNetInt32
DtNetU16
DtNetU32

DtNullFederateAmbassador

DtObjClassDesc
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Table A-3: Header Files and the Classes they Contain (Page 14 of 18)

Header File

Class

objDeslList.h
objectType.h
objldHashKey.h
objldHashLst.h
objRefCbInfo.h

oldHashList.h

pairSock.h
pdu.h
pduCbinfo.h
pduCbMgr.h
pduDatRecSet.h
pduFactory.h
pduWithData.h
physEntDec.h
physEntEnc.h
pointObjStPdu.h
queryPdu.h
radarBeamDec.h
radarBeamEnc.h
radioRecvrDec.h
radioRecvrEnc.h
radioRecvrSR.h

radioXmitDec.h

DtGlobalObjectDesignatorList
DtObjectType

DtObjectldHashKey
DtObjectldHashlist
DtObjectReflectAttributeValuesCblinfo

In VR-Link 3.3, we significantly changed the semantics of
our DtHashlist class. The new version is defined in
hashlist.h. The older DtHashlist class has been renamed
DtOldHashlist, and is still defined here in this file for back-
wards compatibility. While we suggest that you port your
code to the new DtHashlist, which is cleaner and easier to
use, if you do not want to make that change, you can just
use DtOldHashlist wherever you used to use DtHashlist, and
the rest of your old code should work.

DtSocketPairSocket
DtPdu
DtPduCallbackInfo
DtPduCallbackManager
DtPduDatumRecordSet
DtPduFactory
DtPduWithData
DtPhysicalEntityDecoder
DtPhysicalEntityEncoder
DtPointObjectStatePdu
DtDataQueryPdu
DtRadarBeamDecoder
DtRadarBeamEncoder
DtRadioReceiverDecoder
DtRadioReceiverEncoder
DtRadioReceiverRepository

DtRadioTransmitterDecoder
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Table A-3: Header Files and the Classes they Contain (Page 15 of 18)

Header File

Class

radioXmitEnc.h
radioXmitSR.h
receivePdu.h
recintrCbinfo.h
recordPdu.h
recordSet.h
recordSetPdu.h
recQueryPdu.h
refAttrCbinfo.h
refAttrCbList.h
refGenericObj.h
refGenList.h
refObjCblinfo.h
refObjMgr.h
regCtICbInfo.h
regCtICbList.h
remObjCblinfo.h
removeEntRPdu.h
removePdu.h

repairPdu.h

resupplyPdu.h

rprDecFact.h
rprEncFact.h
rprFomMap.h
rpriDecFact.h

rprlEncFact.h

DtRadioTransmitterEncoder
DtRadioTransmitterRepository
DtReceiverPdu
DtReceivelnteractionCbinfo
DtRecordPdu

DtRecordSet

DtRecordSetPdu
DtRecordQueryPdu
DtReflectAttributeValuesCbinfo
DtReflectAttributeValuesCbList
DtReflectedGenericObject
DtReflectedGenericObjectList
DtReflectedObjectCallbackinfo
DtReflectedHlaObjectManager
DtRegControlCblinfo
DtRegControlCbList
DtRemoveObjectCbinfo
DtRemoveEntityRPdu
DtRemoveEntityPdu

DtRepairCompletePdu
DtRepairResponsePdu

DtResupplyCancelPdu
DtResupplyOfferPdu
DtResupplyReceivedPdu

DtRprStateDecoderFactory
DtRprStateEncoderFactory
DtRprFomMapper
DtRprinteractionDecoderFactory

DtRprinteractionEncoderFactory
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Table A-3: Header Files and the Classes they Contain (Page 16 of 18)

Header File

Class

rprinterFact.h
rprObjFact.h
script.h
servReqPdu.h
setDataPdu.h
setDataRPdu.h
setRecordPdu.h
signalPdu.h
simanPdu.h
simRprFomMap.h
smoother.h

smoothOriwWDR.h

smoothPosWDR.h

smoothUtil.h

smUtil.h

Socket.h

soldierDec.h
soldierEnc.h
startPdu.h
startResRPdu.h
stateRep.h
stintCbInfo.h
stintCbList.h
stopFrzRPdu.h
stopPdu.h

str.h

strHashKey.h

DtRprinteractionFactory

DtRprHIlaObjectFactory

DtScript

DtServiceRequestPdu

DtSetDataPdu
DtSetDataRPdu
DtSetRecordPdu
DtSignalPdu

DtSimanPdu

DtDimpleRprFomMapper

DtSmoother

DtSmoothOriWithDr

DtSmoothPosWithDr

DtSmoothOrient
DtSmoothPos

DtAckPredOpt

DtFilterTest
DtSocket

DtSoldierDecoder

DtSoldierEncoder

DtStartResumePdu
DtStartResumeRPdu
DtStateRepository
DtStartStoplnterCblinfo
DtStartStopinterCbList

DtStopFreezeRPdu

DtStopFreezePdu
DtString

DtStringHashKey
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Table A-3: Header Files and the Classes they Contain (Page 17 of 18)

Header File

Class

supEmisEsNozz.h
supEmisEsPdu.h
supEmisEsProp.h
sysHashKey.h
taitBryan.h
tcpForwarder.h
tcpSocket.h
tcpSocketMgr.h
thresholder.h
tkdmDesLst.h
topoView.h
trackJamDes.h
transCtIPdu.h

transmitPdu.h

trkJamBeamDec.h
trkJamBeamEnc.h
tStampType.h
undwaAcBeam.h
undwaAcEmtSys.h
undwaAcPasAct.h
undwaAcPdu.h
undwaAcShaft.h
unknownHODbj.h
unknownPdu.h
updCtICbInfo.h
updCtICbList.h

utmCoord.h

DtVectoringNozzleSystem
DtSuppEmisEntStatePdu
DtPropulsionSystem
DtSystemHashKey
DtTaitBryan
DtTcpForwarder
DtTcpSocket
DtTcpSocketMgr
DtThresholder
DtTrackJamDesignatorList
DtTopoView
DtTrackJamDesignator
DtTransferControlRequestPdu

DtModulationType
DtTransmitterPdu

DtTrackJamBeamDecoder
DtTrackJamBeamEncoder
DtTimeStampType
DtUnderwaterAcousticBeam
DtUnderwaterAcousticEmitterSystem
DtUnderwaterAcousticAddtnlPassiveAct
DtUnderwaterAcousticPdu
DtUnderwaterAcousticShaftSpeed
DtUnknownHlaObject
DtUnknownPdu
DtUpdateControlCblinfo
DtUpdateControlCbList

DtUtmCoord
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Table A-3: Header Files and the Classes they Contain (Page 18 of 18)

Header File Class

utmView.h DtUtmView

varDatumRec.h DtVariableDatumRecord

vcPdu.h DtAbsoluteVCPdu
DtCompassVCPdu
DtGroupVCPdu

DtMimicTrackVCPdu
DtMimicVCPdu
DtModelessVCPdu
DtOrbitVCPdu
DtTetherTrackVCPdu
DtTetherVCPdu
DtTrackVCPdu
DtUnknownVCPdu
DtViewControlPdu

viList.h DtIntrusiveList
DtList
DtListltem
DtListedObj

vlutil.h DtSelectParam

viVector.h DtVector

vrIFedAmb.h DtVrIFederateAmbassador
vrlFedTime.h DtVrIFedTime

vriRtiAmb.h DtVrIRtiAmbassador
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A.4. Other Header Files

Table A-4 lists header files that do not contain classes.

Table A-4: Other Header Files

Header Flle

Contents

datumldType.h

disEnums.h

EntityTypes.h

enum2string.h

Euler.h

MachineTypes.h
mathTypes.h
printUtil.h
ProcControl.h

topoCoord.h

vlprint.h

viTime.h

Definitions and functions that map from DtDatumParam to type
enumerations.

Contains enumerations specified by the DIS protocol and RPR
FOM.

Contains enumerations of entity-type fields.

Contains functions that map from DtPduKind enumerations to
strings.

Contains functions that convert between Euler angles and trans-
formation matrices.

Defines primitive data types in a machine-independent manner.
Contains math macros, includes other math-related headers.
Defines printing functions.

Defines functions for sleeping and polling stdin.

Defines functions to generate matrices that convert between
geodetic and topographic orientation.

Contains functions related to the printing of notification
messages.

Contains functions related to time.
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Glossary

For additional terms and definitions, see the HLA glossary at:
http://hla.dmso.mil/hla/general/hlagloss.html
absolute dead reckoning

A method of dead-reckoning in which the VR-Link uses the time stamps contained
within state updates if the sender is using absolute time stamping. Contrast with rela-
tive dead reckoning.

aggregate

The combination of individual entities, aggregates, or both into a single object. For
example, an organizational group such as a platoon.

articulated part

A part of an entity that is capable of movement relative to the entity, such as a turret or
gun.
attached part

An object that is attached to another object, such as a rocket attached to a jet.
body coordinate frame

A coordinate framework centered on an entity. To represent the orientation of an entity,
VR-Link uses Euler angles or a rotation matrix that rotates from a reference frame to
the body frame.

Cartesian coordinates

A system for indicating location by means of three planes intersecting at right angles to
one another at the origin.
dead-reckoning

A process by which the VR-Link calculates the expected location of an entity during
periods between state updates, based on velocity, acceleration, and rotational velocity.
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Defense Modeling and Simulation Office

The executive secretariat for the Executive Council on Modeling and Simulation
(EXCIMS), which provides a full-time focal point for information concerning Depart-
ment of Defense modeling and simulation (M&S) activities. Currently the DMSO
promulgates M&S policy, initiatives, and guidance to promote cooperation among
DoD components to maximize efficiency and effectiveness.

designator

A simulated device capable of lasing, or designating, a target to be destroyed by guided
munitions.

DIS
Distributed Interactive Simulation.
Distributed Interactive Simulation

The DIS protocol is a set of standards that govern how participating applications share
information about the virtual world. The protocol specifies a set of packets, called
protocol data units (PDUs), that communicate this information. Each PDU identifies
the sender and contains other information depending on the PDU type. The DIS
protocol also specifies when and how frequently PDUs are sent.

The DIS protocol has been superseded by the High-Level Architecture protocol for use
by the Department of Defense.

DMSO
Defense Modeling and Simulation Office.
emitter

A simulated device on an entity that emits electromagnetic radiation, for example,
radar.

entity

An element in a simulation, such as a vehicle or a person, that is represented in the
simulation through the issuance of state messages.
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entity-type

A list of seven components as specified by the DIS protocol and RPR FOM. If none of
the seven components contains a wildcard (-1) value, then the entity type refers to a
specific, narrowly-defined entity. If some components contain a wildcard, then the
entity type refers to a class of entities. A larger number of wildcards indicates a broader,
more general class.

The components of an entity-type are:

+ Entity kind

+ Domain

+ Country

+ Category

+ Subcategory

+ Specific

+ Extra

Euler angles

A set of three angles used to describe the orientation of an entity as a set of three succes-
sive rotations about three different orthogonal axes (x, y, and z). These angles specify
successive rotations needed to transform from a reference coordinate system to the
entity’s body coordinate system.

event

An interaction between objects or between an object and the terrain, such as firing of a
munition, or a collision of entities.

exercise

The DIS term for a one or more interacting simulation applications. Compare to feder-
ation execution in HLA.

exercise connection

The object (DtExerciseConn) through which a VR-Link application connects to the
network. State messages are sent through the exercise connection and information
about remote entities is received through the exercise connection.

exercise 1D
A numeric identification for a DIS simulation exercise.
FED file

Federation Execution Data file. The Federation Execution Data is the subset of FOM
data needed and read by the RTI. VR-Link also reads the FED file.

federate

A connection to the RTI. Typically a single simulation application can be thought of as
a federate.
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federation

A group of HLA federates capable of playing in the same federation execution.
Federation Object Model

Defines the data content of a federation execution.
federation execution

A federation execution is the HLA equivalent of a DIS simulation exercise.
FOM

Federation Object Model.
geocentric coordinates

A coordinate system calculated with respect to the earth’s center. The origin of the
geocentric coordinate system is the center of the earth. The positive X-axis passes
through the prime meridian at the equator; the positive Y-axis passes through 90
degrees east longitude at the equator; and the positive Z-axis passes though the north
pole.

geodetic coordinates

A coordinate system in which position is determined relative to a reference ellipsoid,
such as the surface of the earth at sea level. VR-Link geodetic coordinates consist of lati-
tude and longitude in radians, and altitude in meters above the reference ellipsoid.

guise

An alternative entity type used to display an object depending on the force ID. For
example, a tank could look like an M1A1 to friendly forces and a T72 to hostile forces.

heartbeat

In DIS, the frequency with which current PDUs are sent to the network regardless of
whether or not the entity’s state has changed.

High-Level Architecture

The High Level Architecture (HLA) for simulations is a DOD-wide initiative to
provide an architecture to support interoperability and reuse of simulations. The HLA
supersedes DIS for the Department of Defense.

HLA
High-Level Architecture.
interaction

A message describing a simulation event. An HLA interaction describes an event, rather
than an object’s state.

logger control messages

A set of DIS PDUSs or HLA interactions that let you control the MAK Logger remotely.
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MAK Technologies Lisp

An adaptation of the Lisp language used in configuration files for MAK Technologies
products.

message

A general term used to refer to DIS PDUs and HLA interactions and state updates.
MTL

MAK Technologies Lisp.
object

An element in a simulation that has persistence, as opposed to an interaction, which is a
transient element.

object handle

An integer that an application uses to identify a particular object in RT1 service calls.
An object handle is meaningful only to a particular federate. The same object can be
known to different federates by different object handles.

object name

A character string that can be used to identify an object. The object name is known to
the RTI, and the RT1 provides functions to find out an object’s name, given its handle,
and vice versa. Object names can be chosen by applications that register the objects
with the RTI, however if you do not want to choose names for objects, the RT1 will
assign names for you.

PDU

Protocol Data Unit.
Protocol Data Unit

A message (packet) that is passed on a network between DIS simulation applications.
radio transmitter

A simulated device on an entity, capable of transmitting radio communications.
radio receiver

A simulated device on an entity, capable of receiving radio communications.
Realtime Platform Reference FOM

An HLA reference FOM based on the DIS protocol.
reflected entity list

A list of entities simulated by remote applications (federates in HLA) and about which
the local simulation has received information over the network.

MAK VR-Link Developer’s Guide g-5



Glossary

reference FOM

A FOM designed to be used as a whole, or with modification, by a wide variety of
similar federation executions.

relative dead reckoning

A method of dead reckoning in which the VR-Link approximates the location of an
object based on the local time of receipt of the last state update message.

RTI Initialization Data (RID)

Data required by an RTI during initialization, independent of the FOM being used.
RID data is usually dependent on a specific implementation of the RTI.

RPR FOM

Realtime Platform Reference FOM.
RTI

Run-Time Infrastructure.
Run-Time Infrastructure

A library and other supporting software that implements the HLA interface specifica-
tion. All federates communicate with one another in an HLA environment through
RTI functions.

Simulation Interoperability Standards Organization

A group that seeks to promote modeling and simulation interoperability and reuse for
the benefit of diverse M&S communities, including developers, procurers, and users,
world-wide.

simulation time

VR-Link simulation time is used in dead-reckoning of remote entities and thresholding
of local entities. Typically, VR-Link simulation time is set once during each iteration of
the application's main simulation loop so that all entities are dead-reckoned based on
the same value of current time.

SISO
Simulation Interoperability Standards Organization

smoothing
A method of ensuring that transitions from an entity’s dead-reckoned position to its
actual position aren't so abrupt as to be visually disconcerting.

state

The current status of an object, including location, direction of movement, extent of
damage, and so on.
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topographic coordinates

A right-handed Cartesian coordinate system whose X-Y plane is tangent to the earth's
surface at the origin, with the positive X axis pointing north, the positive Y axis
pointing east, and the positive Z axis pointing down. There are an infinite number of
topographic coordinate systems — one for each point on the earth's surface.

topographic coordinate frame

A coordinate frame in the context of the terrain. When the eyepoint moves with respect
to the terrain, we describe it as movement in a topographic coordinate frame.

UDP port

A network channel through which the VR-Link sends and receives data for DIS exer-
cises.

Universal Transverse Mercator

In general, a non-cartesian coordinate system in which the X, Y, and Z correspond to
easting (nearly east), northing (nearly north), and height above an ellipsoid that approx-
imates the surface of the earth.

UTM coordinates
Universal Transverse Mercator coordinates.
view control messages

A set of DIS PDUs or HLA interactions that let you control the MAK Stealth remotely.
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~RTlambassador RTI service 6-18

A

abort behavior, modifying 9-21
absolute timestamp 3-18
acceleration() function 5-23, 5-37
acklInter.h header file A-2
actReqlInter.h header file A-2
actRespinter.h header file A-2
add() function 9-17
addAfter() function 9-17
addAttributeChecker() function 6-32
addAttributeDecoder() function 6-32
addAttributeEncoder() function 6-32
addBeam() function 5-35
addBefore() function 9-17
addCallback() function 5-12, 6-25, 7-19, 8-16
writing DtPdu 8-17
addCallback() function 8-4
addChecker() function 6-28
addCreator() function 6-26, 7-19
addDecoder() function 6-28, 6-31, 7-22
addDiscoverObjectCallback() function 6-10
addEncoder() function 6-28, 6-31
addEntityAdditionCallback() function 5-27
addEntityRemovalCallback() function 5-27
adding
attributes and parameters to FOM classes 7-12
elements to DtList 9-17
entities
notification 5-27
addInterestinMcastAddr() function 8-28, 8-32
addInterestinPduKind() function 8-5, 8-29
addParameterDecoder() function 6-32
addParameterEncoder() function 6-32
addPduCallback() function 8-4
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addPostDrainCallback() function 5-7, 5-9, 5-13
addPostReflectCh() function 6-11
addPostUpdateCallback() function 5-28
addRemoveObjectCallback() function 6-11
addRemoveObjectCh() function 6-11
address
broadcast 2-16
broadcast, returning 9-20
destination in DIS 8-24
IP 9-20
MAK Technologies xiv
multicast 8-28
addToEnd() function 9-17
addToStart() function 9-17
Adobe Acrobat Xii
AF-UNIX socket file 10-12
aggPub.h header file A-2
aggregate 5-25, 5-34
AggregateEntity class 6-7
agility
FOM 6-20
ahvps() function 6-12
algorithm
dead-reckoning 5-15
allHlaObjects() function 6-9
allocating
memory for PDU 8-19, 8-21
alt() function 9-8
angles() function 5-41
appearance, setting for entity 5-17
application
buffgrep 10-23
development approaches 3-3
hlaNetdump 10-9
included with VR-Link 10-1
nethex 10-10
notifying of state updates 5-28
sample, source code 10-2
application number
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DIS 5-5
applications
example 1-4
argument
classDesc 6-13
destAddr 8-28
DtBindToDestAddr 8-25
DtQuiet 8-25
DtRead 8-25
DtReadWrite 8-25
DtWrite 8-25
exConn 6-13
handleList 6-7
maxSize 8-29
paramHandle 6-29
retCode 8-6
sleepTime 8-6
timeNow 5-17
usr 3-15, 5-9
val 5-40
articulated parts 5-40
setting values 5-42
artParamVal() function 5-43
artPartFromPartNum() function 5-41
artPartFromPartType() function 5-41
artPartList() function 5-40, 5-42
artPartThresholder() function 5-20
attached part 5-44
attached parts 5-44
attachedType 5-42
attPartList() function 5-44
attribute
adding to FOM classes 7-12
encoding and decoding 6-26
encoding and decoding for FOM mapping 6-
22
EntitylD 5-32
forcing update 6-12
publishing and subscribing to 6-6
publishing and subscribing to subset 6-6
updates in HLA 3-11, 5-19
value, intercepting 6-11
attribute update in hla 5-28
attribute updates 8-33
attributesNeededByFederation() function 6-10

background
packet server 10-21

i-2

BaseEntity class 6-7
beamList() function 5-36
bin directories 10-2
blank PDU 8-8
body coordinate system 9-5
bodyToGeoc() function 5-23 to 5-26, 5-37, 9-15
bodyToLocal() function 5-39
broadcast 8-26
broadcast address
as default PDU destination 2-16, 5-6, 8-23
returning 9-20
broadcast packets 8-23
buffer
argument to PDU constructor 8-9 to 8-11
draining 10-21
external, in PDU 8-11
buffgrep 10-23
buffgrep example application 10-7
bundling 8-30
packets 8-29
byte swapping 8-14, 8-16, 8-30

C
C language 4-9
call
RTI 5-13
to RTI services 6-16
callback
and PDU kind list 8-29
calling sequence of 5-12
discoverObject 6-10
entity-addition and entity-deletion 5-27
example 3-21
execution of 5-8
for DtPdu subclass 8-17
functions 7-29
handling PDUs 8-4
implementing 8-20
post-drain 3-15, 5-8
post-update 5-28
registering on entity state PDUs 8-33
registering with PDU kind 8-14
RTI 5-28
RTland 5-13
callback functions 3-14
callbacks
interaction 5-12
Cartesian coordinate system 5-37, 5-39, 9-7
Cartesian coordinates 3-16
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chooselnteractionClass() function 6-25
chooseObjectClass() function 6-23
choosing
DtFomMapper 6-32
entity identifiers 5-16
class
AggregateEntity 6-7
BaseEntity 6-7
creating interaction 7-18
creating object 7-26
DtAggregatePublisher 5-34
DtAggregateStateRepository 5-34
DtArtPart 5-40, 5-42
DtArtPartList 5-40
DtArtPartSpec 5-42
DtArtPartThresholder 5-20
DtBaseEntityStateRepository
entity state 5-17
DtBaseExerciseConn 5-4
DtBoolean 5-17
DtCartesianView 5-37, 5-39
DtClientSocket 8-6, 8-23, 8-29
configuring 8-25
DtCollisionInteraction 5-10
DtCollisionPdu 5-10
DtConstVector 9-4
DtCoordTransform 9-11
DtDcm 5-39, 9-3 to 9-4, 9-6 to 9-7
DtDeadReckoner 5-26
DtDesignatorPublisher 5-34
DtDesignatorRepository 5-34
DtDetonationlnteraction 5-10
DtDetonationPdu 5-10
DtEmitterBeamPublisher 5-35
DtEmitterBeamRepository 5-35
DtEmitterSystemPublisher 5-34
DtEmitterSystemRepository 5-34
DtEmptyFomMapper 6-34
DtEntityldentifier 5-16, 5-32 to 5-33, 8-13
DtEntityPublisher 3-11, 5-14
articulated part list 5-42
entity state 5-17
tick() function 5-19
time management 9-16
DtEntityStatePdu 5-10, 8-16
DtEntityStateRepository 3-11, 5-14
articulated parts 5-42
DIS 8-33
inspecting state 5-23
setting state information 5-18
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DtEntityType 5-15, 6-24
DtExerciseConn 3-9, 5-5, 6-15, 6-34
basic description 5-4
creating 5-4
DIS constructors 8-23
drainlnput() function 5-21
filtering PDUs 8-29
functions 5-7
multicast subscription 8-28
packet server, with 8-6
RTland 6-3
sending interactions 5-11
telling about derived class 6-4
time management 9-16
DtExerciseConn constructor 8-23
DtFilterTests 8-32
DtFirelnteraction 5-10
DtFirePdu 5-10
DtFom 6-5
DtFomMapper 6-22 to 6-23, 6-26, 6-32
DtGeodeticCoord 9-8
DtGlobalObjectDesignator 5-33
DtGroupSocket 8-27
DtHIaObject 6-9 to 6-10
DtHlaStateDecoder 6-27
DtHlaStateEncoder 6-27, 6-29
DtHlaStateEncoderFactory 6-32
Dtinteraction 3-12, 5-12, 6-25
draining input 5-8
interaction classes 5-10
using 6-13
DtlinteractionDecoder 6-27
DtlinteractionDecoderFactory 6-31
DtlinteractionEncoder 6-27, 7-23
DtlinteractionEncoderFactory 6-31
DtlnteractionFactory 6-26
DtinterClassDesc 6-5, 6-13
DtLgrControlInteraction 5-47
DtLgrControlPdu 5-47
DtList 9-17
DtListltem 9-17
DtLocalHIaObjectManager 6-9
DtMapDatum 9-9
DtNet64Vector 6-29
DtNetInt32 8-14, 8-16
DtNetSocket 8-23, 8-25
DtNetU16 6-29
DtObjClassDesc 6-5 to 6-6
DtObjectld 5-33, 8-13
DtObjectPublisher 6-9, 6-12, 6-23
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DtPdu 5-8, 5-10, 8-3, 8-7 to 8-8 DtViewControlPdu 5-45
constructor 8-12 DtVrlFederateAmbassador 6-3 to 6-4
deriving classes from 8-16 DtVrlFedTime 6-16
external buffers 8-11 DtVrIRtiAmbassador 6-3

DtPdu, efficient use of 8-12 encode 6-30

DtPduFactory 8-9 to 8-10 FederateAmbassadorRTI

DtRadioReceiverPublisher 5-34 FederateAmbassador 6-3

DtRadioReceiverRepository 5-34 interaction descriptor 6-13

DtRadioTransmitterPublisher 5-34 listed alphabetically A-4

DtRadioTransmitterRepository 5-34 listed by header file A-23

DtReflectedAggreate 5-34 mapping

DtReflectedAggregateList 5-34 mapping 6-23

DtReflectedDesignator 5-34 mapping between FOMs 6-22

DtReflectedDesignatorList 5-34 object 5-14

DtReflectedEmitterBeam 5-35 overview 3-7

DtReflectedEmitterBeamList 5-35 publishing 6-6

DtReflectedEmitterSystem 5-34 RTlambassador 6-3

DtReflectedEmitterSystemList 5-34 setTimeStamp 6-15

DtReflectedEntity 3-11, 5-21 subscribing to 6-6
entity list 5-21 subscribing to object 6-24
incoming PDUs 8-33 timeStamp 6-15
looking up by ID 5-22 view 3-16, 5-37
subclassing 5-30 class descriptors 6-5

DtReflectedEntityList 3-11, 5-21, 5-26, 6-7 class handle 6-6
and time 9-16 classDesc argument 6-13
timeouts 5-30 classDesc() function 6-10
with PDUs 8-33 classes 6-23

DtReflectedHIaObjectManager 6-9 classNeededByFederation() function 6-10

DtReflectedObject 6-9, 6-24 clock

DtReflectedRadioReceiver 5-34 external 3-18

DtReflectedRadioReceiverList 5-34 clone() function 6-31, 7-26

DtReflectedRadioTransmitter 5-34 collideInter.h file A-2

DtReflectedRadioTransmitterList 5-34 commentinter.h header file A-2

DtRprFomMapper 6-33, 6-35 compile flag 4-4

DtSimpleRprFomMapper 6-35 compiling 4-2, 4-5

DtSmoother 5-26 conditional 5-4, 5-6

DtSocket 8-5, 8-23 to 8-25, 8-27, 8-29 to 8-30 UNIX 4-4

DtStateDecoderFactory 6-31 concept

DtStateEncoderFactory 6-31 callbacks 3-14

DtStateMessage 3-18 coordinate systems 3-16

DtString 5-32 to 5-33 dead-reckoning 3-17

DtTaitBryan 5-18, 5-24, 9-3, 9-5, 9-7 exercise connection 3-9

DtThresholder 5-20 interaction 3-12

DtTopoView 5-37 to 5-38 local entity 3-11

DtUnknownPdu 8-10, 8-13 to 8-14 smoothing 3-17

DtUtmCoord 5-39, 9-13 state information 3-10

DtUtmView 5-37 concepts

DtVector 5-39, 6-29, 9-2, 9-4, 9-7 VR-Link 3-7
topographic coordinate 9-10 conditional compilation 3-5, 5-4

DtViewControlInteraction 5-45 to 5-46 conditional compiling 5-6
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conditions for sending data 5-19
configFomMapper() function 7-14
configuring
broadcast address and netmask for UNIX 2-16
DtNetSocket 8-25
f18 application 10-4
FOM mapper 7-9
network connection for DIS 8-23
packet server 10-14
system for DMSO RTI 2-14
system for MAK RTI 2-13
VR-Link for DIS 2-16
connecting
exercise to 3-9
exercises to 5-4
connecting to network
DIS 8-23
constructor
DtPdu 8-8
PDU 8-8
controlling
MAK Stealth and Logger 5-45
packet server 10-19
conventions
manual xv
converting
coordinates 9-7, 9-15
Euler angles between geocentric and
topographic 9-12
geocentric to topographic 9-11
orientation 9-7
vectors 9-7
coordinate
conversion 5-37, 9-7
conversion functions 9-15
geocentric 5-18, 5-24
getting and setting geocentric 9-8
right-hand geocentric 9-7
views 5-37
coordinate system
body 9-5
Cartesian 5-37, 5-39, 9-7
concepts 3-16
converting between geocentric and topographic
9-11
geocentric 9-5, 9-8
topographic 5-37 to 5-38, 9-5, 9-10
UTM 5-37,9-12
coordTrans() function 9-11
copying
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PDUs 8-12
count() function 5-22
create() function 6-26, 6-34, 7-13

PDU 8-17, 8-20

PDU creator 8-11
createDecoder() function 6-31, 7-19
createEncoder() function 6-31, 7-19
createEntInt.h header file A-2
createFederationExecution RT1 service 6-16
createlnteraction() function 6-26
createPdu() function 8-10 to 8-11
creating

DtEntityPublisher 5-15

DtReflectedEntityList 5-21

exercise connection 5-4

exercise connection for DIS 5-5

interaction classes 7-18

interactions 6-26

linked lists 9-17

object classes 7-26

PDUs 8-13

socket for DIS 8-25
creating new class 7-26
currentTimeForStamping() function 5-11

daemon controller. See vdc
damageState() function 5-23
data() function 9-17
datalnter.h header file A-2
dataQInter.h header file A-2
dead reckoning
disabling 5-41
and DtEntityStateRepository 5-25
and tick() function 5-19
dead-reckoning 5-25
concepts 3-17
and VR-Link simulation time 3-13
dead-reckoning algorithm 5-15
decode() function 6-27 to 6-28
decoder factory 6-31
decoding
attributes and parameters 6-26
factories 6-31
functions 6-28
interactions 6-28
mapping attributes and parameters 6-22
object state updates 6-29
default broadcast address 5-6
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deleteBytes() function 8-21
deleteObjectinstance RTI service 5-20, 6-17
deleting
entities
notification 5-27
entity 5-20
deriving
PDU classes 8-16
deriving classes from 8-16
descriptor
interaction class 6-13
descriptors
class 6-5
designator 5-34
destAddr argument 8-28
destination address
default 8-30
specifying in DIS 8-4, 8-24
destroyFederationExecution RTI service 6-16
detecting new entities 5-21
detonatelnter.h header file A-2
detonation
f18 10-5
device
secondary network 8-24
device name, returning IP address of 9-20
diagnostic information
printing 9-19
setting notify level 9-13
diagnostics
vdc 10-12
direction cosine matrix 9-3, 9-5
directory
bin 10-2
directory tree, VR-Link 2-4
DIS
across networks 8-26
compiling for 4-4
configuring network connection 8-23
creating exercise connection 5-5
DIS-specific functionality 8-1
DtExerciseConn constructor 8-23
entity identifier 3-14
executables 2-4
final PDU 5-20
identifying objects 5-32
introduction to 3-5
network configuration 2-16
object ID 8-13
PDUs 8-3
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protocol version in netdump 10-8

reading packets 8-5

receiving PDUs 8-4

sending data 5-19

sending packets 8-30

setting protocol version 8-7

thresholds 5-19

time threshold 5-20

UDP port 5-5
DIS enumerations document 3-6
disableFiltering() function 8-5, 8-29
disabling

dead reckoning 5-41
discovering

new HLA objects 6-10
discoverObject RTI service 5-28, 6-3
discoverObject() function 5-28

discoverObjectinstance RTI service 6-18
displaying HLA messages and PDUs 10-7, 10-

9 to 10-10

DLL 6-33
DMSO RTI 2-14, 6-16

configuring 2-14

FED file search path 5-5
documentation, location of 2-4
draining

buffers 10-21
drainlnput() 3-11
drainlnput() function 3-12, 8-5

and readUntil() 8-6

callbacks 3-14, 5-12

example 3-21

in HLA 5-13

protocol independent 5-7

receiving information 5-8

timeouts 5-30

with reflected entities 5-21
dropMulticastGroup() function 8-32
DSO 6-33
DtAbort() function 9-19, 9-21
DtAbsReal Time() function 9-16
DtAggregatePublisher class 5-34
DtAggregateStateRepository class 5-34
DtArtParamType 5-40, 5-42
DtArtPart class 5-40, 5-42
DtArtPartList class 5-40
DtArtPartSpec class 5-42
DtArtPartThresholder class 5-20
DtArtPartType 5-40, 5-42
DtAttachedToBase 5-41 to 5-42
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DtBaseEntityStateRepository class

entity state 5-17
DtBaseExerciseConn class 5-4
DtBecomeNonBlocking() function 8-31
DtBindToDestAddr argument 8-25
DtBodyToRef to Euler() function 9-6, 9-16
DtBoolean class 5-17
DtBufferPtr 8-11
DtCartesianView class 5-37, 5-39
DtClientSocket class 8-6, 8-23, 8-29

configuring 8-25
DtcLoadLispFile() function 10-4
DtCollisionInteraction class 5-10
DtCollisionPdu class 5-10
DtConstDcm 9-4
DtConstVector 9-4
DtConstVector class 9-4
DtCoordTransform class 9-11
DtCreateFomMapper() function 6-33, 7-11
DtDcm class 5-39, 9-3 to 9-4, 9-6 to 9-7
DtDcm& 9-4
DtDcmRef 9-4
DtDcmVelMul() function 9-15
DtDeadReckoner class 5-26
DtDegMinSec 9-12
DtDeleteFomMapper() function 6-33, 7-11
DtDesignatorPublisher class 5-34
DtDesignatorRepository class 5-34
DtDetonationlInteraction class 5-10
DtDetonationPdu class 5-10
DtDISVERS 8-9, 8-11
DtEmitterBeamPublisher class 5-35
DtEmitterBeamRepository class 5-35
DtEmitterSystemPublisher class 5-34
DtEmitterSystemRepository class 5-34
DtEmptyFomMapper class 6-34

DtEmptyFomMapper::create() function 6-34
DtEntityldentifier class 5-16, 5-32 to 5-33, 8-13

DtEntityPublisher class 3-11, 5-14

articulated part list 5-42

creating 5-15

destructor 5-20

entity state 5-17

tick() function 5-19

time management 9-16
DtEntityPublisher::tick() function 5-17
DtEntityStatePdu class 5-10, 8-16
DtEntityStateRepository class 3-11, 5-14

articulated parts 5-42

coordinates and 3-16
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DIS 8-33

inspecting state 5-23

setting state information 5-18
DtEntityType class 5-15, 6-24
DtEuler_to BodyToRef() function 9-6
DtEuler_to_RefToBody() function 9-6
DtEulerToEuler() function 9-15
DtExerciseConn class 3-9, 5-5, 6-15, 6-34

basic description 5-4

constructor 8-23

creating 5-4

DIS constructors 8-23

drainlnput() function 5-21

filtering PDUs 8-29

functions 5-7

HLAin 5-4

multicast subscription 8-28

packet server, with 8-6

post-drain callback 3-15

RTland 6-3

See also exercise connection

sending interactions 5-11

telling about derived class 6-4

time management 9-16

timestamps 3-18
DtExerciseConn class

registering and unregistering functions with 5-

7
DtFatalError() function 9-19
DtFatalPerror() function 9-19
DtFedAmbCreator() function 6-4
DtFilterTests class 8-32
DtFirelnteraction class 5-10
DtFirePdu class 5-10
DtFirstHostInetAddr() function 9-20
DtFom class 6-5

DtFomMapper class 6-22 to 6-23, 6-26, 6-32

DtGeocToGeod() function 9-9
DtGeocToTopoTransform() function 9-11
DtGeocToUtm() function 9-13
DtGeodeticCoord class 9-8
DtGeodToUtm() function 9-13
DtGetElapsedReal Time() function 9-16
DtGlobalObjectDesignator class 5-33
DtGroupSocket class 8-27

DtHLA compile line option 5-4, 5-15, 5-21
DtHIaObject class 6-9 to 6-10
DtHIaStateDecoder class 6-27
DtHIaStateEncoder class 6-27, 6-29
DtHIaStateEncoderFactory class 6-32
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DtlnetAddr 9-20
DtInetAddrOfDevice() function 9-20
DtInetAddrString() function 9-20
DtlInetBroadcastOfDevice() function 9-20
Dtinfo() function 9-19
Dtlnteraction class 3-12, 5-12, 6-25

draining input 5-8

interaction classes 5-10

using 6-13
DtlnteractionDecoder class 6-27
DtinteractionDecoderFactory class 6-31
DtlnteractionEncoder class 6-27, 7-23
DtinteractionEncoderFactory class 6-31
DtinteractionFactory class 6-26
DtinterClassDesc class 6-5, 6-13
DtlsMulticastAddr() function 9-20
DtLatLon_to_GeocToTopo() function 9-15
DtLatLon_to_TopoToGeoc() function 9-15
DtLgrControlInteraction class 5-47
DtLgrControlPdu class 5-47
DtList class 9-17
DtListltem class 9-17
DtLocalHIlaObjectManager class 6-9
DtMapDatum class 9-9
DINET_READ_BAD_PACKET 8-6
DINET_READ_NO_PACKETS 8-6
DINET_READ_SERVER_MSG 8-6
DINET_READ_SIZE_MISMATCH 8-6
DINET_READ_SUCCESS 8-6
DtNet64Vector class 6-29
DtNetInt32 class 8-14, 8-16
DtNetmask environment variable 2-16
DtNetMaskOfDevice() function 9-20
DtNetSocket class 8-23, 8-25
DtNetU16 class 6-29
DtNotifyLevel variable 9-19
DtNullArtPartSpec macro 5-43
DtObjClassDesc class 6-5 to 6-6
DtObjectld class 5-33, 8-13
DtObjectPublisher class 6-9, 6-12, 6-23
DtPacketServerlsAlive() function 8-25
DtPdu class 5-8, 5-10, 8-3, 8-7, 8-16

constructor 8-12

constructors 8-8

efficient use of 8-12

external buffers 8-11
DtPduFactory class 8-9 to 8-10
DtProtocolVersionToRecvMax variable 8-11, 8-

29
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DtProtocolVersionToRecvMin variable 8-11, 8-
29

DtProtocolVersionToSend variable 8-9
DtQuiet argument 8-25
DtRadioReceiverPublisher class 5-34
DtRadioReceiverRepository class 5-34
DtRadioTransmitterPublisher class 5-34
DtRadioTransmitterRepository class 5-34
DtRead argument 8-25
DtReadWrite argument 8-25
DtRecv() function 8-23, 8-30 to 8-31
DtReflectedAggreate class 5-34
DtReflectedAggregateList class 5-34
DtReflectedDesignator class 5-34
DtReflectedDesignatorList class 5-34
DtReflectedEmitterBeam class 5-35
DtReflectedEmitterBeamList class 5-35
DtReflectedEmitterSystem class 5-34
DtReflectedEmitterSystemList class 5-34
DtReflectedEntity class 3-11, 5-21

entity list 5-21

incoming PDUs 8-33

looking up by ID 5-22

subclassing 5-30
DtReflectedEntityList class 3-11, 5-21, 5-26, 6-7

and time 9-16

callbacks in 3-15

creating 5-21

timeouts 5-30

with PDUs 8-33
DtReflectedHIaObjectManager class 6-9
DtReflectedObject class 6-9, 6-24
DtReflectedRadioReceiver class 5-34
DtReflectedRadioReceiverList class 5-34
DtReflectedRadio Transmitter class 5-34
DtReflectedRadio TransmitterList class 5-34
DtRefToBody_to_Euler() function 9-6
DtReportPktsRevd() function 8-31
DtRprFomMapper class 6-33, 6-35
DtSelect() function 8-32, 9-21
DtSend() function 8-23, 8-29 to 8-30
DtSetSimTime() function 3-13, 5-25
DtSimpleRprFomMapper class 6-35
DtSleep() function 9-21
DtSmoother class 5-26
DtSocket class 8-5, 8-23 to 8-25, 8-27, 8-29 to 8-

30

DtSOCKET_FILTERED_PACKET 8-31
DtSOCKET_NO_PACKET 8-31
DtSOCKET_PACKET 8-31

MAK Technologies



Index

DtStateDecoderFactory class 6-31
DtStateEncoderFactory class 6-31
DtStateMessage class 3-18
DtSTATUS_OK 8-10
DtString class 5-32 to 5-33
DtStringTolnetAddr() function 9-20
DtTaitBryan class 5-18, 5-24, 9-3, 9-5, 9-7
DtThresholder class 5-20
DtTimelnit() function 9-16
DtTopoView class 5-37 to 5-38
DtUnknownPdu class 8-10, 8-13 to 8-14
DtUSE_INTERNAL_BUFFER 8-9
DtUseMapDatum() function 9-9
DtUtmCoord class 5-39, 9-13
DtUtmlnit() function 5-39, 9-12

using 9-12
DtUtmToGeoc() function 9-13
DtUtmToGeod() function 9-13
DtUtmView class 5-37
DtUtmView view 5-39
DtVector class 5-39, 6-29, 9-2, 9-4, 9-7

topographic coordinate 9-10
DtVector& 9-4
DtVectorRef 9-4
DtViewControllInteraction class 5-45 to 5-46
DtViewControlPdu class 5-45
DtVrlFederateAmbassador class 6-3 to 6-4
DtVrlFedTime class 6-16
DtVrIRtiAmbassador class 6-3
DtWarn() function 9-19
DtWarnPerror() function 9-19
DtWrite argument 8-25

E

efficiency of DtPdu 8-12
elements
adding to DtList 9-17
emitter 5-34
managing 5-35
emitterSystemRep() function 5-35
enableAttributeRelevanceAdvisorySwitch RTI
service 6-18
enableClassRelevanceAdvisorySwitch RT1 service
6-18
enableFiltering() function 8-29
enablelnteractionRelevanceAdvisorySwitch RTI
service 6-18
encode class 6-30
encode() function 6-27
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encoder factory 6-31
encoding
attributes and parameters 6-26
factory 6-31
functions 6-28
interactions 6-29
mapping attributes and parameters 6-22
objects 6-29
engineSmokeOn() function 5-23
entity
appearance, getting 5-23
articulated parts 5-40
counting in reflected entity list 5-22
deleting 5-20
detecting new 5-21
inspecting state 5-23
locally-simulated 5-14
locating in reflected entity list 5-22
low-fidelity state 5-19
managing 5-14
notification of addition and deletion 5-27
and protocol independence 5-15
setting appearance 5-17
setting state 5-17
timing out 5-30
types 5-15
updating 3-11
entity ID 8-33
getting 5-22, 8-13
uniqueness 8-13
Entity Identifier 5-32
entity identifier 3-14
entity identifiers
choosing 5-16
entity list. See reflected entity list
entity state PDU 8-16
receiving 8-33
entity state repository 3-21, 3-23 to 3-24, 5-17
in example 3-21, 3-23
printing contents of 5-19
setting entity state 5-17
entityAdded() function 5-27 to 5-28
EntityID attribute 5-32
entityPub.h header file A-2
entityStateRep() function 5-17, 5-23
entityType() function 8-3
enumeration 5-15, 5-24
enumerations 5-17, 8-7
enumerations document 3-6
environment variable
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DtNetmask 2-16
license manager 2-8
MAKLMGRD_LICENSE_FILE 2-8
RTI_CONFIG 2-14
error, fatal 9-21
ESR. See entity state repository
esr() function 5-17, 5-23, 5-35, 7-16
Euler angles
converting between geocentric and topographic
9-12
in dead reckoning 5-25
representing orientation 9-5
topographic 9-15
UTM coordinates 5-39
eulerTrans() function 9-11
event
information 3-12
event ID 5-7
event PDU. See interactions
eventRepInter.h header file A-2
example
FOM mapping 7-2
example applications 1-4
and licenses 10-2
f18 10-3
hlaNetdump 10-9
listen 10-10
netdump 10-7
nethex 10-10
source code for 1-4, 10-2
talk 10-10
exConn argument 6-13
executables
DIS 2-4
HLA 2-4
exercise
connecting to 5-4
exercise connection 3-7, 3-9, 5-4
creating 5-4
creating in HLA 5-4
differences between HLA and DIS 5-4
parameters 5-4 to 5-5
and protocol 5-4
and RTI ambassador 5-5
exercise ID
examining 8-23
global 8-23
in constructor 8-23
requirement in DIS 5-5
setting in PDU 8-3, 8-23

i-10

exerciseConn.h header file A-2
exerciseld() function 8-7, 8-23, 8-32
extending
FOM 7-2
extensibility
FOM 6-20
external buffers
using in DtPdu 8-11
external clock 3-18
external mode
in packet server 10-13
vrlink3di 10-21

F

f18 10-3
configuring 10-4
factory
encoding and decoding 6-31
fatal error 9-21
fax
MAK Technologies xiv
features 1-3
FED file 2-14,5-4
introduction to 3-4
fedAmb() function 6-5
federate name 5-5
FederateAmbassador class 6-3
federation
time 6-16
Federation Execution Data file 3-4
Federation Object Model
introduction to 3-4
file
AF-UNIX socket 10-12
FED 2-14
libfedtime.dll 6-16
libfedtime.so 6-16
RID 2-14
RTLRID 2-14
vrlFedTimeMD.dIl 6-16
VR-Link.fed 3-4, 5-4
file descriptors, reading and writing 8-31 to 8-32
filtering PDUs 8-5, 8-29, 8-32
final PDU 5-20
firelnter.h header file A-2
first() function 5-22, 9-17
firstinterClass() function 6-5
firstObjClass() function 6-5
firstValidParamType() function 5-41
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fixed-length PDU 8-21
flag
compile and link 4-4
flamesPresent() function 5-23
flexibility
FOM 6-20
FLEXIm license manager 2-5
flush() function 8-29
FOM
agility 1-5, 3-4, 6-20
getting information about 6-5
introduction to 3-4
mapping 6-20
publishing and subscribing to classes 6-6
using different versions 6-35
FOM Mapper 6-6
FOM mapper
configuring 7-9
FOM mapping
choosing DtFomMapper 6-32
details 6-23
examples 7-2
subscribing to interaction classes 6-25
subscribing to object classes 6-24
FOM support 3-4
FOM switching between 6-21
fom() function 6-5
fomMaplnitData 6-34
fomMapper() function 6-22
force ID 5-15
forceUpdate() function 6-12, 6-30
forcing
attribute update 6-12
function 5-17, 5-23
acceleration() 5-23, 5-37
add() 9-17
addAfter() 9-17
addAttributeChecker() 6-32
addAttributeDecoder() 6-32
addAttributeEncoder() 6-32
addBeam() 5-35
addBefore() 9-17
addCallback() 5-12, 6-25, 7-19, 8-4, 8-16
writing DtPdu 8-17
addChecker() 6-28
addCreator() 6-26, 7-19
addDecoder() 6-28, 6-31, 7-22
addDiscoverObjectCallback() 6-10
addEncoder() 6-28, 6-31
addEntityAdditionCallback() 5-27
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addEntityRemovalCallback() 5-27
addlInterestinMcastAddr() 8-28, 8-32
addInterestinPduKind() 8-5, 8-29
addParameterDecoder() 6-32
addParameterEncoder() 6-32
addPduCallback() 8-4
addPostDrainCallback() 5-7, 5-9, 5-13
addPostReflectCh() 6-11
addPostUpdateCallback() 5-28
addRemoveObjectCallback() 6-11
addRemoveObjectCh() 6-11
addToEnd() 9-17
addToStart() 9-17
ahvps() 6-12
allHlaObjects() 6-9
alt() 9-8
angles() 5-41
artParamVal() 5-43
artPartFromPartNum() 5-41
artPartFromPartType() 5-41
artPartList() 5-40, 5-42
artPartThresholder() 5-20
attPartList() 5-44
attributesNeededByFederation() 6-10
beamList() 5-36
bodyToGeoc() 5-23 to 5-26, 5-37, 9-15
bodyToLocal() 5-39
callback 3-14, 7-29
chooselnteractionClass() 6-25
chooseObjectClass() 6-23
classDesc() 6-10
classNeededByFederation() 6-10
clone() 6-31, 7-26
configromMapper() 7-14
converting coordinates 9-15
coordTrans() 9-11
count() 5-22
create() 6-26, 6-34, 7-13

PDU 8-17, 8-20

PDU creator 8-11
createDecoder() 6-31, 7-19
createEncoder() 6-31, 7-19
createlnteraction() 6-26
createPdu() 8-10 to 8-11
currentTimeForStamping() 5-11
damageState() 5-23
data() 9-17
decode() 6-27 to 6-28
deleteBytes() 8-21
disableFiltering() 8-5, 8-29
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discoverObject() 5-28
drainlnput() 3-11to 3-12, 8-5

and readUntil() 8-6

example 3-21

in HLA 5-13

protocol independent 5-7

timeouts 5-30

with reflected entities 5-21
drainlnput() and callbacks 3-14
dropMulticastGroup() 8-32
DtAbort() 9-19, 9-21
DtAbsRealTime() 9-16
DtBecomeNonBlocking() 8-31
DtBodyToRef _to_Euler() 9-6, 9-16
DtcLoadLispFile() 10-4
DtCreateFomMapper() 6-33, 7-11
DtDcmVelMul() 9-15
DtDeleteFomMapper() 6-33, 7-11
DtEmptyFomMapper::create() 6-34
DtEuler_to_BodyToRef() 9-6
DtEuler_to_RefToBody() 9-6
DtEulerToEuler() 9-15
DtFatalError() 9-19
DtFatalPerror() 9-19
DtFedAmbCreator() 6-4
DtFirstHostinetAddr() 9-20
DtGeocToGeod() 9-9
DtGeocToTopoTransform() 9-11
DtGeocToUtm() 9-13
DtGeodToUtm() 9-13
DtGetElapsedReal Time() 9-16
DtlnetAddrOfDevice() 9-20
DtlnetAddrString() 9-20
DtlnetBroadcastOfDevice() 9-20
Dtinfo() 9-19
DtlsMulticastAddr() 9-20
DtLatLon_to_GeocToTopo() 9-15
DtLatLon_to_TopoToGeoc() 9-15
DtNetMaskOfDevice() 9-20
DtPacketServerlsAlive() 8-25
DtRecv() 8-23, 8-30 to 8-31
DtRefToBody to_Euler() 9-6
DtReportPktsRevd() 8-31
DtSelect() 8-32,9-21
DtSend() 8-23, 8-29 to 8-30
DtSetSimTime() 3-13, 5-25
DtSleep() 9-21

DtUtmlInit() 5-39, 9-12
using 9-12
DtUtmToGeoc() 9-13
DtUtmToGeod() 9-13
DtWarn() 9-19
DtWarnPerror() 9-19
emitterSystemRep() 5-35
enableFiltering() 8-29
encode() 6-27
encoding and decoding 6-28
engineSmokeOn() 5-23
entityAdded() 5-27 to 5-28
entityStateRep() 5-17, 5-23
entityType() 8-3
esr() 5-17, 5-23, 5-35, 7-16
eulerTrans() 9-11
exerciseld() 8-7, 8-23, 8-32
fedAmb() 6-5
first() 5-22,9-17
firstinterClass() 6-5
firstObjClass() 6-5
firstValidParamType() 5-41
flamesPresent() 5-23
flush() 8-29
fom() 6-5
fomMapper() 6-22
forceUpdate() 6-12, 6-30
geoc2Topo() 9-15
geocentric() 9-8, 9-13
geodetic() 9-13
getArtParamVal() 5-40
getGeocentric() 9-8, 9-13
getGeodetic() 9-13
getVal() 5-41
globalld() 5-16, 5-33
gridDeclaration() 9-15
guessTimeValid() 3-18
hatchState() 5-23
hlaObject() 6-9
id() 5-16, 5-33
identity() 9-3
init() 5-42, 5-44
initArtParts() 5-43
initiatePause() 6-4
initPdu() 8-19
insertBytes() 8-21
interactionClasses() 6-25

DtStringTolnetAddr() 9-20
DtTimelnit() 9-16
DtUseMapDatum() 9-9

interactionClassHandle() 6-14
interactionClassName() 6-14
interactionClassToUse() 7-19
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interactionDecoderFactory() 6-31
interactionEncoderFactory() 6-31
interactionFactory() 6-26
interClassByHandle() 6-5
interClassByName() 6-5
internalGetPduKind() 8-17, 8-20
ipAddr() 8-32

isBundling() 8-30

isMember() 5-36

isOk() 8-32

kind() 8-7

last() 5-22, 9-17
lastSetOrientation() 5-23
lastSetRotational Velocity() 5-23

lastSimTimeUpdateReceived() 6-10

lastSourcelnetAddr() 8-31
lat() 9-8
length() 8-7
listenToMulticastGroup() 8-32
localld() 5-16
localObjectManager() 6-9
location() 5-23, 5-25 to 5-26, 5-37
lon() 9-8
lookup() 5-22
name() 6-10
neededByFederation() 6-14
netRead() 8-5, 8-30 to 8-31
using 8-6
newReflectedEntity() 5-30
next() 5-22,7-29, 9-17
nextEventiD() 5-7
nextEventld() 5-7
nextld() 5-16, 8-13
nextinterClass() 6-5
nextObjClass() 6-5
nextValidParamType() 5-41
notifyMe() 8-32
numArtParams() 5-40
numArtParts() 5-40
numParameters() 6-14
numParams() 5-41
objClassByHandle() 6-5
objClassByName() 6-5
objectClassNames() 6-24
objectld() 5-33, 6-10, 6-12
orientation() 5-23 to 5-26, 5-37
packet () 8-11
packet() 8-8
partAttachedTo() 5-41
partNum() 5-41
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partType() 5-41
pduFactory() 8-10
pduKind() 8-32
phi() 9-5
phvps() 6-13
post-update 5-28
predicate() 8-6
prev() 5-22, 7-29, 9-17
print() 6-14

articulated parts 5-41

PDU 8-7
printData() 6-14, 7-13, 7-17, 7-24, 7-26, 8-7

entity state repository 5-25

PDU 8-7

printing entity state repository 5-19
printHeader() 6-14, 8-7
printParams() 6-14
processEntityState() 8-33
processPdu() 8-5
protocolFamily() 8-7
protocolVersion() 8-7, 8-32
psi() 9-5
publish() 6-6
readAndProcess() 8-5
readrFd() 8-31
readUntil() 8-6
recvFrom() 5-4
reflectedObjectManager() 6-9
removeAndDelete() 5-27
removeBeam() 5-35
removeCallback() 5-12

PDU 8-17
removeDiscoverObjectCallback() 6-10
removeEntityAdditionCallback() 5-27
removeEntityRemovalCallback() 5-27
removePduCallback() 8-4
removePostDrainCallback() 5-7, 5-9
removePostReflectCh() 6-11
removePostUpdateCallback() 5-28
removeRemoveObjectCallback() 6-11
removeRemoveObjectCb() 6-11
requestedAttributes() 6-10
rotationalVelocity() 5-23, 5-37
rtiAmb() 6-3
send() 5-8, 6-13

definition 5-7

multicast address 8-28

optional address in DIS 8-4

sending DIS PDUs 8-30

with user-defined classes 8-16
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sendFinalPduOnDestruction() 5-20 setStateRepCreator() 7-16
sendStamped() 3-18, 5-8, 5-11, 6-13 setTaglsAsciiTime() 6-15
definition 5-7 setTheta() 9-5
in example 3-24 setTimeoutinterval() 5-30
multicast address 8-28 setTimeoutProcessing() 5-30
optional address in DIS 8-4 setTimeStamp() 8-7
sending DIS PDUs 8-30 setTimeStampType() 5-7, 5-9
unknown PDU 8-14 setUnbundling() 8-30
with user-defined classes 8-16 setVal() 5-44
sendTo() 5-4, 8-29 to 8-30 setVcPdu() 5-46
setAcceleration() 5-37 setVelocity() 5-37
setAlt() 9-8 setVersion() 8-7
setApproximating() 5-41 sleep() 9-21
setArtParamVal() 5-43 socket() 8-24
setBundling() 8-29 stateDecoderFactory() 6-31
setBylnverse() 9-11 stateEncoderFactory() 6-31
setDfltSmoothPeriod() 5-26 status() 8-10
setDfltThreshold() 5-20 string() 9-2, 9-5
setEmitterSystemld() 5-35 subtractinterestinMcastAddr() 8-28, 8-32
setEngineSmokeOn() 5-17 subtractinterestinPduKind() 8-29
setEntity Type() 8-3 theta() 9-5
setExConn() 6-13, 6-25 thresholder() 5-20
setExerciseld() 8-7, 8-23 tick() 5-8, 5-19, 6-12, 6-27
setFedAmbCreator() 6-4 tick(), DtEntityPublisher 5-17
setFlamesPresent() 5-17 timeStamp() 8-7
setFomMapperCreator() 6-32 to 6-34 timeStampType() 5-7, 6-15, 8-7
setGeocentric() 9-8 translations() 5-41
setHatchState() 5-17 update() 6-12
setInteractionClass() 6-25 useDeadReckoner() 5-26
setInteractionClassChooser() 6-25 useSmoother() 5-26
setInteractionClasses() 6-25 val() 5-41
setInteractionFactory() 6-26 vecTrans() 9-11
setLat() 9-8 velocity() 5-23, 5-25 to 5-26, 5-37
setLcPdu() 5-48 vrlinkVersion() 5-7
setLocation() 5-37 wrapNext() 5-22, 7-29
setLon() 9-8 wrapPrev() 5-22, 7-29
setMcastTtl() 8-28, 8-32 writeFd() 8-31 to 8-32
setObjectClass() 6-24 writing PDU mutators and inspectors 8-21
setObjectClassChooser() 6-24 zero() 9-3
setObjectClassNames() 6-24 functions
setObjectClassToChoose() 6-23 registering and unregistering with DtExer-
setOffset() 5-39 ciseConn 5-7
setOrientation() 5-17, 5-37
setPhi() 9-5
setPsi() 9-5 G
setRate() 6-28 geoc2Topo() function 9-15
setReflecting() 6-15 geocentric coordinate 5-18, 5-24, 9-5
setRotation() 5-39 converting to topographic 9-11
setRotationalVelocity() 5-17, 5-37 right-hand 9-7
setSmoothPeriod() 5-26 geocentric() function 9-8, 9-13
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geodetic coordinates 9-8
geodetic() function 9-13
getArtParamVal() function 5-40
getAttributeHandle RTI service 6-19
getAttributeName RTI service 6-19
getGeocentric() function 9-8, 9-13
getGeodetic() function 9-13
getinteractionClassHandle RTI service 6-19
getObjectClassHandle RTI service 6-19
getObjectinstanceName RT]I service 6-19
getParameterHandle RTI service 6-19
getParameterName RTI service 6-19
getting

appearance information 5-23

entity ID 5-22, 8-13

exercise ID 8-7

geocentric and geodetic coordinates 9-13

geocentric coordinates 9-8

kind 8-7

length 8-7

network representation 8-8

parameter values 5-41

protocol family 8-7

protocol version 8-7

time, space, and position information 5-23

UTM coordinates 9-13
getVal() function 5-41
globalld() function 5-16, 5-33
gridDeclaration() function 9-15
guessTimeValid() function 3-18
guise 5-15

handle 6-6

handleList argument 6-7

hatchState() function 5-23

header
PDU 8-9

header file
firelnter.h A-2
reflectedEnt.h A-3
stateMsg.h A-3
veinter.h A-3
ackinter.h A-2
actReqinter.h A-2
actRespinter.h A-2
aggPub.h A-2
collideInter.h A-2
commentinter.h A-2
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createEntint.h A-2
cross referenced to classes A-4
datalnter.h A-2
dataQlnter.h A-2
detonatelnter.h A-2
entityPub.h A-2
eventReplnter.h A-2
exerciseConn.h A-2
for grouping other header files A-2
interaction.h A-3
IcInter.h A-3
matricinc.h A-2
mtlinc.h A-2
refEmitLst.h A-3
reflAggList.h A-3
reflectedAgg.h A-3
reflectedObj.h A-3
reflEmittr.h A-3
reflEntList.h A-3
reflObjList.h A-3
remEntinter.h A-3
repComplnter.h A-3
repRespinter.h A-3
resupplylnter.h A-3
servReglnter.h A-3
setDatalnter.n A-3
signalinter.h A-3
startinterh A-3
stopinter.h A-3
vlinc.h A-2
vlutilinc.h A-2
header files
interaction 5-10
heading 9-15
heading, pitch and roll, obtaining 9-12
heartbeat 5-19, 5-30
High Level Architecture
introduction to 3-4
HLA
attribute values 6-11
compiling for 4-4
creating exercise connection 5-4
executables 2-4
identifying objects 5-32
object discovery and removal 6-10
object handle and name 3-14
publishing and subscribing 6-6
time stamp 6-15
hlaNetdump example application 10-9
hlaObject() function 6-9
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ID

looking up objects by 6-9

object 3-14

obtaining for entity 8-13
id() function 5-16, 5-33
identifiers

choosing entity 5-16
identifying

DIS protocol version 10-8

objects 3-14
identifying objects

DIS 5-32

HLA 5-32
identity() function 9-3
IEEE

1278.1-1995 3-6

Web site 3-6
ifconfig 2-16
implementing

callback for PDU 8-20
information

additional 3-6

FOM 6-5

receiving 5-8
information message 9-19
init() function 5-42, 5-44
initArtParts() function 5-43
initiatePause() function 6-4
initPdu() function 8-19
insertBytes() function 8-21

inspecting
entity state 5-23
PDU data 8-7
inspector function
PDU 8-21
installing
DMSO RTI 2-14
MAK RTI 2-13
on PC 2-3
on UNIX 2-2
VR-Link 2-2

interaction 3-24, 5-7, 5-10
and protocol independence 5-11
callbacks 5-12
choosing class to publish 6-25
class descriptors 6-5
classes 3-7
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concepts 3-12

creating 6-26

creating class 7-18

decoding 6-28

encoding 6-29

naming conventions 5-10

parameter 6-13

print functions 6-14

receiving 3-12, 5-7, 5-12

reflecting local 6-15

RTI calls 5-13

sending 3-12, 5-7, 5-11

using Dtinteraction 6-13

view control 5-45
interaction class descriptor 6-13
interactionClasses() function 6-25
interactionClassHandle() function 6-14
interactionClassName() function 6-14
interactionClassToUse() function 7-19
interactionDecoderFactory() function 6-31
interactionEncoderFactory() function 6-31
interactionFactory() function 6-26
interaction.h header file A-3
interactions

ending 5-8
intercepting

attribute values 6-11
interClassByHandle() function 6-5
interClassByName() function 6-5
interest, registering 8-5, 8-28 to 8-29
internal mode

in packet server 10-13
internalGetPduKind() function 8-17, 8-20
IP address 8-27

manipulating 9-20
ipAddr() function 8-32
IP/UDP network, communicating with 8-23
isBundling() function 8-30
isMember() function 5-36
isOk() function 8-32

J

joinFederationExecution RT1 service 6-16

K

kind() function 8-7
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L

LAN 8-26
last() function 5-22, 9-17
lastSetAcceleration() function 5-23
lastSetLocation() function 5-23
lastSetOrientation() function 5-23
lastSetRotationalVelocity() function 5-23
lastSetVelocity() function 5-23
lastSimTimeUpdateReceived() function 6-10
lastSourcelnetAddr() function 8-31
lat() function 9-8
IcInter.h header file A-3
length

PDU 8-16, 8-21
length() function 8-7
libfedtime.dll 6-16
libfedtime.so 6-16
libraries 4-2
library

shared 6-16, 6-33, 7-11
libvIRPR 6-16
license manager 2-5

location of 2-4
license server

running 2-10

sample applications, for 10-2

status 2-10

stopping 2-10
license, environment variable 2-8
link flag 4-4
linked-list, creating 9-17
linking 4-2
list

of objects 6-9
listen example application 3-19, 10-10
listenToMulticastGroup() function 8-32
lists 9-17
little endian machines 8-14, 8-16
Imdown program 2-10
Imhostid program 2-7
Imstat program 2-10
local entity

concepts 3-11

deleting 5-20
local interaction

sending 3-12
local object 6-9

reflecting 6-15
localDeleteObjectinstance RTI service 6-17
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localld() function 5-16
locally-simulated
entities 5-14
localObjectManager() function 6-9
location() function 5-23, 5-25 to 5-26, 5-37
Logger xiii
lon() function 9-8
looking up objects 6-9
lookup() function 5-22
low-fidelity entity state representation 5-19

machine
little endian 8-14
maintenance agreement Xiv
MAK Logger xiii
MAK Plan View Display xiii
MAK RTI xiii, 6-16
configuring 2-13
FED file search path 5-5
installing 2-13
MAK Stealth xiii
controlling 5-45
MAK Technical Support xiv
makefile 4-5
makeMods files 4-5
MAKLMGRD_LICENSE_FILE environment
variable 2-8
managing
entities 5-14
objects 3-7
time 9-16
manipulating
IP addresses 9-20
manual
conventions xv
location of 2-4
map datum 9-9
mapping
attribute encoding and decoding 6-22
classes 6-22
FOM 6-20
multiple classes to publisher 6-24
parameter encoding and decoding 6-22
single class to publisher 6-23
mathTypes.h header file A-2
matrix 9-3 to 9-4
direction cosine 9-3
multiplying by vector 9-15
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matrixInc.h file A-2
maxSize argument 8-29
memory, allocating for PDU 8-19, 8-21
message

diagnostic 9-19

sending and receiving 5-4
mode

packet server 10-13
moving parts 5-40
mtlinc.h header file A-2
multicast 8-25 to 8-26, 8-32
multicast address 8-28
multithreaded libraries 4-3
munitionFlightTime parameter 10-5
mutator function

PDU 8-21

name() function 6-10
naming conventions
interactions 5-10
neededByFederation() function 6-14
net types 8-14, 8-16
netdump
PDU and protocol version 10-8
netdump example application 10-7
nethex example application 10-10
netmask
configuring 2-16
configuring for NT/9x 2-16
obtaining for a device 9-20
netRead() function 8-5, 8-30 to 8-31
using 8-6
network
connecting to for DIS 8-23
reading packets from 8-5
secondary network device 8-24
sending DIS PDUs across 8-26
network representation 8-5
PDU 8-9
newReflectedEntity() function 5-30
next() function 5-22, 7-29, 9-17
nextEventlD() function 5-7
nextEventld() function 5-7
nextld() function 5-16, 8-13
nextinterClass() function 6-5
nextObjClass() function 6-5
nextValidParamType() function 5-41
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no vrlink server error message 10-12, 10-22
non-blocking reads and writes 8-31
notification

of HLA object removal and discovery 6-10
notify level 9-19
notifyMe() function 8-32
numArtParams() function 5-40
numArtParts() function 5-40
numParameters() function 6-14
numParams() function 5-41

0

objClassByHandle() function 6-5
objClassByName() function 6-5
object 7-26

aggregate 5-34

class descriptors 6-5

class to publish 6-23

class types 5-14

decoding state updates 6-29

designator 5-34

discovery and removal 6-10

emitter 5-34

encoding 6-29

HLA management of 6-9

identification 3-14

identifiers 5-16

lookup by ID 6-9

management 3-7

receiver 5-34

reflecting local 6-15

state information 3-10

subscribing to classes 6-24

transmitter 5-34
object handle 3-14, 5-16, 5-32
object ID 5-7

DIS 8-13
object name 3-14, 5-16, 5-32
objectClassNames() function 6-24
ObjectHandle 5-32
objectld() function 5-33, 6-10, 6-12
offset, translational 9-16
ON_CHANGE 6-29
orientation 5-24, 9-5to 9-6

conversion 9-7

setting 5-18

thresholds 5-20
orientation() function 5-23 to 5-26, 5-37
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P

packet
broadcast 8-23
bundling and unbundling 8-29
reading from network 8-5
receiving 8-31
sending 8-30
throughput, improving 10-14
unbundling 10-20
unicast 8-23
packet () function 8-11
packet server 8-6, 8-23, 8-25, 8-29, 10-16
as daemon 10-21
background operation 10-21
communicating through 8-23
configurations 10-14
controlling with vdc 10-11
controls 10-19
detecting 8-25
DtClientSocket interface to 10-21
and exercise connection 5-5
external mode 10-21
modes 10-13
pinging clients 10-20
queue size 10-21
resource constraints 10-22
and server socket file 10-22
starting 10-17
startup options 10-17
status commands 10-20
stopping 10-19
unbundling packets 8-30, 10-20
packet() function 8-8
parameter
adding to FOM class 7-12
encoding and decoding 6-26
exercise connection 5-4
getting value 5-41
mapping for encoding and decoding 6-22
munitionFlightTime 10-5
value for interaction 6-13
ParameterHandleValuePairSet 7-22
paramHandle argument 6-29
part
attached 5-44
moving 5-40
partAttachedTo() function 5-41
partNum() function 5-41
partType 5-42
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partType() function 5-41
PC
configuring netmask 2-16
installing on 2-3
PDU
callback 8-20
constructing blank 8-8

constructing from network representation 8-9

constructing unknown type 8-10
constructors 8-8
copying 8-12
creating 8-13
deriving from DtPdu 8-16
described 3-5
destination address 8-4
examining 8-17
filtering 8-5, 8-29, 8-32
final 5-20
fixed-length 8-21
getting network representation 8-8
header information 8-9
inspecting 8-7
protocol version 8-11
receiving 8-4
receiving unknown 8-14
registering callbacks 8-14
representing 8-3
sending 8-3, 8-14
setting data in 8-7, 8-17
user-defined 8-13, 8-16
variable length 8-8, 8-16, 8-21
version 8-9
version in netdump 10-8
pduFactory() function 8-10
pduKind() function 8-32
pdus.h grouping file A-2
phi() function 9-5
phone number
MAK Technologies xiv
phvps() function 6-13
pinging clients with packet server 10-20
pitch 9-15
obtaining 9-12
Plan View Display xiii
pointer
to reflected and local objects 6-9
usr 5-9
point-to-point 8-27
port number 5-5
Portable Document Format (PDF) xii
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position

actual and dead-reckoned 3-17

thresholds 5-20
position information

obtaining 5-23

setting 5-17
post-drain callback 3-15, 5-8
post-update callback function 5-28
predicate() function 8-6
prev() function 5-22, 7-29, 9-17
print() function 6-14

articulated parts 5-41

PDU 8-7
printData() function 6-14, 7-13, 7-17, 7-24, 7-

26, 8-7

entity state repository 5-25

PDU 8-7

printing entity state repository 5-19
printHeader() function 6-14, 8-7
printing

entity state data 5-19

functions for in DtInteraction 6-14
printParams() function 6-14
processEntityState() function 8-33
processPdu() function 8-5
products

Logger xiii

Plan View Display xiii

RTI xiii

Stealth xiii

technical support xiv

upgrades xiv
protocol

compiling for in UNIX 4-4

DIS version in netdump 10-8

supported 1-5
Protocol Data Unit 3-5
protocol version

receiving 8-11

setting in PDU 8-9
protocolFamily() function 8-7
protocol-independence

classes 3-7

definition 3-5
protocol-independent APl 1-2
protocol-specific classes 3-7
protocolVersion() function 8-7, 8-32
provideAttributeVValueUpdate RTI service 6-18
psi() function 9-5
publish() function 6-6

i-20

publisher

mapping multiple classes to 6-24

mapping single class to 6-23
publishing

FOM classes and attributes 6-6

interaction classes 6-25

object class 6-23
publishinteractionClass RT1 service 6-16
publishObjectClass RTI service 6-3, 6-17

]

queue size 10-22
packet server 10-21

readAndProcess() function 8-5
readFd() function 8-31
reading
packets from network 8-5
reads
non-blocking 8-31
readUntil() function 8-6
Real-Time Platform Reference FOM 6-35
Realtime-Platform Reference FOM 3-4
receivelnteraction RTI service 6-3, 6-19
RTI
receivelnteraction service 6-13
receiver 5-34
receiving
information 5-8
interactions 3-12, 5-7, 5-12
packets 8-31
PDUs 8-4
unknown PDU 8-14
recvFrom() function 5-4
refEmitLst.h header file A-3
reference ellipsoid 9-9
reflAggList.h header file A-3
reflectAttributeValues RT1 service 6-3, 6-19
reflected entity list 3-21, 5-21
differences in HLA and DIS 5-21
reflected entity list. See also DtReflectedEntityList
and DtReflectedEntity 9-16
reflected object 6-9
reflected object list 6-7
reflectedAgg.h header file A-3
reflectedEnt.h header file A-3
reflectedObjectManager() function 6-9
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reflectedObj.h header file A-3
reflecting

local data 6-15
reflEmittr.h header file A-3
reflEntList.h header file A-3
reflObjList.h header file A-3
registering

functions with DtExerciseConn 5-7

interest 8-5, 8-28 to 8-29
registerObjectInstance RTI service 6-17
REL. See reflected entity list
relative timestamp 3-18
remEntinter.h header file A-3
remote

interactions 3-12
remote address 8-27
remote entity

state information 3-11
removeAndDelete() function 5-27
removeBeam() function 5-35
removeCallback() function 5-12

PDU 8-17
removeDiscoverObjectCallback() function 6-10
removeEntityAdditionCallback() function 5-27
removeEntityRemovalCallback() function 5-27
removeObject() service 6-11
removeObjectinstance RTI service 6-19
removePduCallback() function 8-4
removePostDrainCallback() function 5-7, 5-9
removePostReflectCh() function 6-11
removePostUpdateCallback() function 5-28
removeRemoveObjectCallback() function 6-11
removeRemoveObjectCh() function 6-11
repComplnter.h header file A-3
repResplnter.h header file A-3
requestClassAttributeValueUpdate RT1 service 6-

17
requestedAttributes() function 6-10
requestObjectAttributeValueUpdate RTI service
6-17

requestPause RTI service 6-3
resignFederationExecution RTI service 6-16
resource, system

packet server 10-22
resupplylnter.h header file A-3
retCode argument 8-6
returning

broadcast address 9-20
RID file 2-14
right-hand geocentric coordinates 9-7
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roll 9-15
obtaining 9-12

rotation
matrix 9-15

rotation threshold 5-20

rotationalVelocity() function 5-23, 5-37

RPR FOM 3-4, 6-35
attribute update condition 3-11, 5-19
description of 3-4
extensibility 6-20

RTI xiii, 6-3
ambassador 5-5
calling directly 6-3
calls 5-13
calls to services 6-16
classes 6-3
definition of 2-13
DMSO, installing 2-14
introduction to 3-5
MAK, installing 2-13
RTlambassador 6-3
subclassing FedTime 6-16
tick() function 5-8

RT]I service
~RTlambassador 6-18
createFederationExecution 6-16
deleteObjectInstance 6-17
destroyFederationExecution 6-16
discoverObjectinstance 6-18
enableAttributeRelevanceAdvisorySwitch 6-18
enableClassRelevanceAdvisorySwitch 6-18
enablelnteractionRelevanceAdvisorySwitch 6-

18

getAttributeHandle 6-19
getAttributeName 6-19
getInteractionClassHandle 6-19
getObjectClassHandle 6-19
getObjectinstanceName 6-19
getParameterHandle 6-19
getParameterName 6-19
joinFederationExecution 6-16
localDeleteObjectInstance 6-17
provideAttributeValueUpdate 6-18
publishinteractionClass 6-16
publishObjectClass 6-17
receivelnteraction 6-19
reflectAttributeValues 6-19
registerObjectInstance 6-17
removeObjectInstance 6-19
requestClassAttributeVValueUpdate 6-17
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requestObjectAttributeValueUpdate 6-17

resignFederationExecution 6-16
RTlambassador 6-18
sendInteraction 6-17
startRegistrationForObjectClass 6-18
stopRegistrationForObjectClass 6-18
subscribelnteractionClass 6-17
subscribeObjectClassAttributes 6-17
tick 6-18
turninteractionsOff 6-18
turninteractionsOn 6-18
turnUpdatesOffForObjectinstance 6-19
turnUpdatesOnForObjectinstance 6-19
unsubscribelnteractionClass 6-17
unsubscribeObjectClass 6-17
updateAttributeValues 6-18

RTI_CONFIG environment variable 2-14

rtiAmb() function 6-3

RTlambassador class 6-3

RTlambassador RTI service 6-18

RTlambassador::tick() function 6-3

rtiexec 2-15

rtiexec 5-5

RTI-initiated services 6-4

RTILRID file 2-14

runLm program 2-10

running
license server 2-10

Run-Time Infrastructure
introduction to 3-5

S

sample applications 1-4
secondary network device 8-24
select system call, interface to 9-21
send() function 5-8, 6-13

definition 5-7

in example 3-24

multicast address 8-28

optional address in DIS 8-4

sending DIS PDUs 8-30

with user-defined classes 8-16

sendFinalPduOnDestruction() function 5-20

sending
interactions 3-12, 5-7 to 5-8, 5-11
packet 8-30
PDU 8-14
PDUs 8-3
PDUs of different versions 8-9
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sendlnteraction RTI service 6-3, 6-17
send-only application 3-22
sendStamped() function 5-8, 5-11, 6-13

definition 5-7

in example 3-24

multicast address 8-28

optional address in DIS 8-4

sending DIS PDUs 8-30

timestamps 3-18

unknown PDU 8-14

with user-defined classes 8-16
sendTo() function 5-4, 8-29 to 8-30
server

socket file 10-22
service

discoverObject 5-28, 6-3

publishObjectClass 6-3

receivelnteraction 6-3

reflectAttributeValues 6-3

removeObiject() 6-11

requestPause 6-3

RTI 6-4

RTI, callsto 6-16

sendlInteraction 6-3

updateAttributeValues 6-3
servReglnter.h header file A-3
setAcceleration() function 5-17, 5-37
setAlt() function 9-8
setApproximating() function 5-41
setArtParamVal() function 5-43
setBundling() function 8-29
setBylnverse() function 9-11
setDamageState() 5-17
setDamageState() function 5-17
setDatalnter.h header file A-3
setDfltSmoothPeriod() function 5-26
setDfltThreshold() function 5-20
setEmitterSystemld() function 5-35
setEngineSmokeOn() function 5-17
setEntity Type() function 8-3
setExConn() function 6-13, 6-25
setExerciseld() function 8-7, 8-23
setFedAmbCreator() function 6-4
setFlamesPresent() function 5-17

setFomMapperCreator() function 6-32 to 6-34

setGeocentric() function 9-8
setHatchState() function 5-17
setInteractionClass() function 6-25
setInteractionClassChooser() function 6-25
setnteractionClasses() function 6-25
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setInteractionFactory() function 6-26
setLat() function 9-8
setLcPdu() function 5-48
setLocation() function 5-17, 5-37
setLon() function 9-8
setMcastTtl() function 8-28, 8-32
setObjectClass() function 6-24
setObjectClassChooser() function 6-24
setObjectClassNames() function 6-24
setObjectClassToChoose() function 6-23
setOffset() function 5-39
setOrientation() function 5-17, 5-37
setPhi() function 9-5
setPsi() function 9-5
setRate() function 6-28
setReflecting() function 6-15
setRotation() function 5-39
setRotationalVelocity() function 5-17, 5-37
setSmoothPeriod() function 5-26
setStateRepCreator() function 7-16
setTaglsAsciiTime() function 6-15
setTheta() function 9-5
setTimeoutinterval() function 5-30
setTimeoutProcessing() function 5-30
setTimeStamp class 6-15
setTimeStamp() function 8-7
setTimeStampType() function 5-7, 5-9
setting

articulated part data 5-42

data in new PDU 8-17

entity state 5-17

geocentric coordinates 9-8

orientation 5-18

PDU data 8-7

protocol version for DIS 8-7

space, time, and position 5-17
setUnbundling() function 8-30
setVal() function 5-44
setVcPdu() function 5-46
setVelocity() function 5-17, 5-37
setVersion() function 8-7
shared library 6-16, 6-33, 7-11
SharedMemorySocket 8-24
shutting down

license server 2-10
signalinter.h header file A-3
simple demo applications 3-19

Simulation Interoperability Standards Organi-

zation 3-6
simulation standard

MAK VR-Link Developer’s Guide

compiling for in UNIX 4-4
simulation standards 1-5
simulation time 3-13
simulation time. See VR-Link

simulation time
SISO 3-6
site ID

DIS 5-5
site-application-entity identifier 3-14
sleep 3-24
sleep() function 9-21
sleepTime argument 8-6
smoothing

concepts 3-17
socket

creating for DIS 8-25
socket file

AF-UNIX 10-12
socket() function 8-24
source code

sample applications 10-2
space information

obtaining 5-23

setting 5-17
standards

simulation 1-5
starting

packet server 10-17
startinter.h header file A-3
startRegistrationForObjectClass RTI service 6-18
state

inspecting entity 5-23

setting for entity 5-17

update 5-21

receiving 8-33
state information

concepts 3-10

remote entity 3-11

updating 3-11
state updates

notifying application of 5-28
stateDecoderFactory() function 6-31
stateEncoderFactory() function 6-31
stateMsg.h header file A-3
status

license server 2-10
status() function 8-10
Stealth xiii
stopInter.h header file A-3

stopping
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license server 2-10
packet server 10-19
stopRegistrationForObjectClass RT1 service 6-18
string() function 9-2, 9-5
subclassing
DtReflectedEntity 5-30
subnet 8-26
subscribelnteractionClass RTI service 6-17
subscribeObjectClassAttributes RTI service 6-17
subscribing
classes and attributes 6-7
FOM classes and attributes 6-6
interaction classes to for FOM mapping 6-25
subset of attributes 6-8
to multicast in DIS 8-28
subset
publishing and subscribing to 6-6
subtractInterestinMcastAddr() function 8-28, 8-
32
subtractInterestinPduKind() function 8-29
support, technical xiv
supported protocols 1-5
switching
between FOMs 6-21
synchronization
simulations of 3-18
system requirements 2-2

T

Tait-Bryan sequence 5-18, 9-5
talk example application 10-10
technical support xiv
terminating
packet server 10-19
theta() function 9-5
threshold 3-13
for sending data 5-19
position and orientation 5-20
time 5-20
translation and rotation 5-20
thresholder() function 5-20
throughput, improving for DIS packets 10-14
tick RT1 service 6-18
tick() function 5-8, 5-19, 6-12, 6-27
DtEntityPublisher 3-23, 5-14
RTI 5-8, 5-13
RTI ambassador 6-3
time
federation 6-16
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managing 9-16
simulation 3-13, 5-40
threshold 5-20
time information
obtaining 5-23
setting 5-17
time stamp
HLA 6-15
time to live, for multicast packets 8-28, 8-32
timeNow argument 5-17
timeout 5-30, 8-6
argument to drainlnput() 5-8
timestamp 3-18, 8-3
functions for 5-7
relative and absolute 3-18
type 5-9
timeStamp class 6-15
timeStamp() function 8-7
timeStampType() function 5-7, 6-15, 8-7
timing out
entities 5-30
toolkit 3-3
topographic coordinate
converting to geocentric 9-11
topographic coordinate system 5-37 to 5-38, 9-5,
9-10
and UTM coordinate system, compared 9-14
topographic coordinates 3-16
topographic view 3-21, 3-23
translation threshold 5-20
translational offset 9-16
translations() function 5-41
transmitter 5-34
triplet ID 5-32
troubleshooting
vdc 10-12
TTL. See time to live
turninteractionsOff RT1 service 6-18
turninteractionsOn RTI service 6-18
turnUpdatesOffForObjectInstance RT1 service 6
19
turnUpdatesOnForObjectinstance RTI service 6
19

type
entity 5-15

U

UDP 8-26
UDP port 2-17
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UDP port number 2-16, 5-5, 8-23
unbundling
packets 8-29, 10-20
unicast 8-23, 8-25, 8-27
Universal Transverse Mercator. See UTM
UNIX
broadcast address 2-16
compiling for protocol 4-4
installing on 2-2
unknown
PDU, constructing 8-10
unregistering
functions with DtExerciseConn 5-7
unsubscribelnteractionClass RT1 service 6-17
unsubscribeObjectClass RT1 service 6-17
update
processing 5-21
update() function 6-12
updateAttributeValues RTI service 6-3, 6-18
updates
notification of 5-28
updating
attribute values 6-12
attributes 3-11, 5-19
state information 3-11
upgrades xiv
useDeadReckoner() function 5-26
user-defined
PDU 8-13, 8-16
useSmoother() function 5-26
using
external buffers in PDU 8-11
secondary network device 8-24
usr argument 3-15, 5-9
usr pointer 5-9
utility functions 3-7
UTM coordinate system 5-37, 5-39, 9-12
and topographic system, compared 9-14
UTM coordinates 3-16

)

val argument 5-40

val() function 5-41

variable
DtNotifyLevel 9-19
DtProtocolVersionToRecvMax 8-29
DtProtocolVersionToSend 8-9
environment 2-8
license environment 2-8
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PDU 8-16
variable length PDU 8-8, 8-21
vcinter.h header file A-3
vdc 10-11

application 10-11

examples 10-12

diagnostics 10-12
vector

conversion 9-7

multiplying matrix 9-15

obtaining 9-3

representing 9-2
vecTrans() function 9-11
velocity() function 5-23, 5-25 to 5-26, 5-37
VERS argument 4-5
version

FOM 6-35

setting for DIS 8-7

VR-Link 5-7
version, protocol

receiving 8-11

setting in PDU 8-9
view 5-39
view class 3-16
view classes 5-37
View Control Interaction 5-45
vlinc.h header file A-2
vlutilinc.h header file A-2
VrlExtend.fed file

file

VrlExtend.fed 7-12

vrIFedTimeMD.dll 6-16
VR-Link

Daemon Controller. See vdc

version 5-7
VR-Link

defined 1-1

files 2-4

simulation time 3-13, 3-21, 3-24, 5-25, 5-40
VR-Link simulation time 3-21, 5-25
vrlinkd3i

external mode 10-21

packet server 10-14
vrlinkdu

packet server 10-14
VR-Link.fed file 3-4,5-4
vrlinkVersion() function 5-7
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WAN 8-26
Windows

installing on 2-3
Windows NT/9x

configuring netmask 2-16
wrapNext() function 5-22, 7-29
wrapPrev() function 5-22, 7-29
writeFd() function 8-31 to 8-32
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non-blocking 8-31
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PDU mutators and inspectors 8-21
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zero() function 9-3
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