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About This Manual

This manual contains installation information and configuration
instructions for the LabVIEW Real-Time Module and RT Series hardware.
This manual also contains real-time programming techniques to help you
build a deterministic application using the Real-Time Module.

Conventions

The following conventions appear in this manual:

» The » symbol leads you through nested menu items and dialog box options
to a final action. The sequence File»Page Setup»Options directs you to
pull down the File menu, select the Page Setup item, and select Options
from the last dialog box.

@ This icon denotes a note, which alerts you to important information.
bold Bold text denotes items that you must select or click in the software, such
as menu items and dialog box options. Bold text also denotes parameter
names.
italic Italic text denotes variables, emphasis, a cross reference, or an introduction

to a key concept. This font also denotes text that is a placeholder for a word
or value that you must supply.

monospace Text in this font denotes text or characters that you should enter from the
keyboard, sections of code, programming examples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device names, functions, operations,
variables, filenames and extensions, and code excerpts.

Platform Text in this font denotes a specific platform and indicates that the text
following it applies only to that platform.
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Related Documentation

Real-Time Module User Manual

The following documents contain information that you might find helpful
as you read this manual:

RT Series hardware documentation
Getting Started with the LabVIEW Real-Time Module
LabVIEW Real-Time Module Release Notes

LabVIEW Help, available by selecting Help» VI, Function,
& How-To Help

Getting Started with LabVIEW
LabVIEW User Manual
LabVIEW Application Builder User Guide

X ni.com



Introduction

Most LabVIEW applications run on a general-purpose operating system
(OS) like Windows, Linux, Solaris, or Mac OS. Some applications require
deterministic real-time performance that general-purpose operating
systems cannot guarantee. The LabVIEW Real-Time Module and

RT Series hardware extend the capabilities of LabVIEW to address the
need for deterministic real-time performance.

The Real-Time Module combines LabVIEW graphical programming with
the power of RT Series hardware, enabling you to build deterministic
real-time systems. You develop VIs in LabVIEW and embed the VIs on
RT targets. The RT target runs VIs without a user interface and offers a
stable platform for real-time VIs.

Real-Time System Components

Host Computer

LabVIEW

A real-time system consists of software and hardware components.

The software components include LabVIEW, the RT Engine, and VIs built
using LabVIEW. The hardware components of a real-time system include
a host computer and an RT target. The following section describes the
different components of a real-time system.

The host computer is the computer where you develop the VIs for the
real-time system. The host computer can be a PC, Mac, or a PXI controller
with a Windows operating system.

You develop VIs with LabVIEW on the host computer. The Real-Time
Module extends the capabilities of LabVIEW to allow you to select an RT
target to run VIs.
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RT Engine

RT Target

Real-Time Module User Manual

The RT Engine is a version of LabVIEW that runs on the RT target.

The RT Engine runs the VIs you download to the targets from LabVIEW
on the host computer. The RT Engine provides deterministic real-time
performance for the following reasons:

e The RT Engine is designed for real-time performance.

e The RT Engine runs on a real-time operating system (RTOS), which
ensures that the LabVIEW execution system and other operating
system services adhere to real-time operation. Refer to Chapter 4,
Building Deterministic Applications, for information about the
LabVIEW execution system.

e  The RT Engine runs on RT Series hardware. Other applications or
device drivers commonly found on the host computer do not run on
RT targets. The absence of additional applications or devices means
that a third-party application or driver does not impede the execution
of VIs.

*  RT Series hardware uses no virtual memory, which eliminates a major
source of unpredictability in deterministic systems.

An RT target refers to RT Series hardware that runs the RT Engine and VIs
you create using LabVIEW. There are two types of RT targets: RT Series
plug-in devices and networked RT Series devices.

RT Series Plug-In Devices

The RT Series plug-in devices are plug-in PCI/PXI devices with embedded
processors. Each plug-in device contains a processor board and data
acquisition daughterboard. The processor board contains a microprocessor
that runs LabVIEW VIs.

This manual does not contain information about the data acquisition
daughterboard of plug-in devices. Refer to the appropriate plug-in device
documentation for information about the data acquisition daughterboard
for plug-in devices.
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Networked RT Series Devices

A networked RT Series device is a networked hardware platform with an

embedded processor that runs LabVIEW VIs. You can use a separate host
computer to communicate with and control VIs on the networked RT Series
device through an Ethernet connection, but the device is independent of the
host computer. Some examples of networked RT Series devices include the
following:

*  RT Series PXI Controllers—A networked device that installs in an
NI PXI chassis and communicates with NI PXI modules installed in
the chassis. You can write VIs that use all the input/output (I/O)
capabilities of the PXI modules, SCXI, and other signal conditioning
devices installed in a PXI chassis. The RT Engine also supports
features of the RT Series PXI controller. For example, you can use the
GPIB and serial ports onboard the NI PXI-8176 controller for
instrument control. Refer to the National Instruments Web site at
ni.com/info and enter the info code RT0001 for information about
the features supported by the RT Engine on specific networked
devices.

e RT Series FieldPoint Modules—A networked device ideal for
distributed real-time I/O applications.

* 7041 RT Series Plug-In Devices—A hybrid between a traditional
plug-in device and a networked device that communicates through
shared memory or communicates through a network connection.

This manual does not contain hardware-related information about specific
networked devices. Refer to the appropriate device documentation for
information about the device.

Communicating with RT Target Vis

The RT Engine on the RT target does not provide a user interface for
applications. You can use one of two communication protocols, Front
Panel Communication or Network Communication, to provide a user
interface for RT target VIs.

© National Instruments Corporation 1-3 Real-Time Module User Manual



Chapter 1 Introduction

Front Panel Communication

Real-Time Module User Manual

With Front Panel Communication, LabVIEW and the RT Engine execute
different parts of the same VI, as shown in Figure 1-1. LabVIEW on the
host computer displays the front panel of the VI while the RT Engine
executes the block diagram.

- EE— LabVIEW

Host Computer

Network Communication I

N/

o e e A i =

EE— RT Engine

RT Target

Figure 1-1. Front Panel Communication Protocol

Use Front Panel Communication between LabVIEW on the host computer
and the RT Engine to control and test VIs running on an RT target. After
downloading and running the VIs, keep LabVIEW on the host computer
open to display and interact with the front panel of the VI.

You also can use Front Panel Communication to debug VIs while they run
on the RT target. You can use LabVIEW debugging tools—such as probes,
execution highlighting, breakpoints, and single stepping—to locate errors
on the block diagram code. Refer to Chapter 8, Debugging Deterministic

Applications, for information about debugging applications.

Front Panel Communication is a good communication method typically
used during development because it is a quick method for monitoring and
interfacing with VIs running on an RT target. Use Network Communication
to increase the efficiency of the communication between a host computer
and the RT Engine.
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Network Communication

With Network Communication, a host VI runs on the host computer and
communicates with the VI running on the RT target using specific network
communication programmatic controls such as TCP, VI Server, and in the
case of non-networked RT Series plug-in devices, shared memory reads
and writes. You might use Network Communication for the following
reasons:

*  You want to run another VI on the host computer, but you cannot use
LabVIEW for any other task when you target an RT target.

*  You want to control information sent back and forth. You can
customize communication code to specify which front panel objects
get updated and when. You also can control which components are
visible on the front panel because some controls and indicators might
be more important than others.

*  You want to control timing and sequencing of the data transfer.

*  You want to perform additional data processing or logging.

In Figure 1-2, the RT target VI is similar to the VI in Figure 1-1 that runs
on the RT target using Front Panel Communication to update the front panel
controls and indicators. However, the RT target VI in Figure 1-2 uses
Real-Time FIFO VIs to pass data to a communication VI. The
communication VI then communicates with a host computer VI using
network communication methods to update controls and indicators. Refer
to Chapter 4, Building Deterministic Applications, for information about
methods of communication available in LabVIEW.

© National Instruments Corporation 1-5 Real-Time Module User Manual



Chapter 1 Introduction

LabVIEW

\4

Host Computer

E— Network Communication
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RT Engine

RT Target

Figure 1-2. Network Communication Protocol

Real-Time Module and Express VI Considerations

Real-Time Module User Manual

LabVIEW Express Vs increase LabVIEW ease of use and improve
productivity with interactive dialog boxes that minimize programming for
measurement applications. Express VIs do require additional performance
overhead during execution, therefore do not use Express VIs in
time-critical or processor-intensive applications. Instead, develop real-time
applications with standard LabVIEW VIs. Refer to the Getting Started with
LabVIEW manual for information about LabVIEW Express VlIs.

LabVIEW shows an Express VI-oriented palette view by default. Complete
the following steps to switch to the Advanced LabVIEW palette view.
1. Select Tools»Options from LabVIEW.

2. Select Controls/Functions Palettes from the Options dialog box
pull-down menu.
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3. Select Advanced from the Palette View pull-down menu.
4. Click the OK button.

Unsupported LabVIEW Features

Some LabVIEW features are unavailable when you target a specific RT
target. For example, there is no media storage device on some RT Series
plug-in devices. Therefore, when you target LabVIEW to a plug-in device,
the RT Engine might not support disk file I/O.

@ Note If you attempt to download and run on an RT target a VI that has unsupported
functionality, the VI still executes. However, the unsupported functions do not work and
return standard LabVIEW error codes.

Modifying Front Panel Objects of RT Target Vs

When a VI or stand-alone application runs on an RT target and there is no
front panel connection with host LabVIEW, you cannot execute VIs that
modify a front panel. For example, you cannot change or read the
properties of front panel objects with property nodes because there is no
front panel.

You must establish a front panel connection with the RT target or open a
remote front panel connection to read any front panel properties or for any
front panel property node changes to reflect on the front panel objects.

The following features do not work on an RT target with no front panel
connection:

*  Front panel property nodes and control references

» Dialog VIs

* VI Server front panel functions

Using 0S-Specific Technologies in RT Target Vis

VIs on the RT target cannot use VIs that leverage Windows only
technology.

The following features do not work on an RT target:
e ActiveX VIs

* .NET VIs

*  VIs that use NI-IVI drivers
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*  Windows Registry Access VIs
e TestStand VIs (ActiveX-based)
e Report Generation Toolkit VIs

e (Call Library Nodes that access an operating system API other than
Pharlap

*  Graphics and Sound VIs
e Database Connectivity Toolset
e XML DOM Parser and G Web Server for CGI Support
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Installing and Configuring the
Real-Time Module and RT
Targets

This chapter explains installation and configuration of the LabVIEW
Real-Time Module and RT Series hardware.

Installing the Real-Time Module

Complete the following steps to install the Real-Time Module on the host
computer.

(Mac 0S) Refer to the LabVIEW Real-Time Module for Mac OS X User
Manual Addendum for installation and configuration instructions.

(Windows 2000/NT/XP) You must log in to the host computer as an
administrator or as a user with administrator privileges.

1. Verify that LabVIEW has been installed on the host computer.

2. Insert the LabVIEW Real-Time Module CD into the CD-ROM drive.
The Real-Time Module installation program runs automatically.

3. Follow the instructions that appear on the screen.

Complete the following steps to install device drivers for NI hardware that
you want to use with the Real-Time Module.

1. Insert the National Instruments Device Driver CD into the CD-ROM
drive. The device driver installation program runs automatically.

2. Follow the instructions that appear on the screen to install the hardware
device drivers that you need.
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Installing and Configuring RT Series Plug-In Devices

You can install an RT Series plug-in device in any available PCI or PXI
expansion slot in the computer or PXI chassis. This section contains
general installation instructions. Refer to the computer user manual or
technical reference manual for specific instructions and warnings about
installing hardware.

@ Note You must install the Real-Time Module software, Traditional NI-DAQ 7.0 from the
National Instruments Device Driver CD, and PCI-7041 and PCI/PXI-7030 support from
the National Instruments Device Driver CD before you install an RT Series plug-in device.

RT Series PCI Plug-In Devices

Complete the following steps to install an RT Series PCI plug-in device.

1.
2.

Power off and unplug the computer.

Remove the cover to the computer and make sure there are no lighted
LEDs on the motherboard. If any are lit, wait until they turn off before
continuing the installation.

Remove the expansion slot cover on the back panel of the computer.

Insert the plug-in device into a 5 V PCI slot. Gently rock the board to
ease it into place. Do not force the board into place.

Screw the mounting bracket of the plug-in device to the back panel rail
of the computer.

Visually verify the installation. Make sure the board is not touching
other boards or components and is fully inserted in the slot.

Replace the cover, plug in, and power on the computer.

Refer to the Configuring RT Series Plug-In Devices section for
information about configuring the PCI device.

RT Series PXI Plug-In Devices

Complete the following steps to install the RT Series PXI plug-in device.

Real-Time Module User Manual

1.

2.
3.
4

Power off and unplug the PXI chassis.
Choose two adjacent unused PXI slots in the system.
Remove the filler panels for the slots you have chosen.

Insert the RT Series plug-in device into the 5 V PXI slots. Use the
injector/ejector handle to fully insert the board into the chassis.
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Screw the front panel of the RT Series plug-in device to the front panel
mounting rail of the system.

Plug in and power on the PXI chassis.

Refer to the Configuring RT Series Plug-In Devices section for
information about configuring the PXI device.

Configuring RT Series Plug-In Devices

Complete the following steps to configure an RT Series plug-in device
using Measurement & Automation Explorer (MAX).

1.

Launch MAX and expand the My System, Devices and Interfaces,
and Traditional NI-DAQ Devices categories. MAX detects the
plug-in devices you have installed. The NI PCI/PXI-7030 Series
plug-in device appears in the Traditional NI-DAQ Devices category
listed by device number. The NI PCI-7041 Series plug-in device
appears in the Devices and Interfaces category listed by device name.

In Figure 2-1, an NI PCI/PXI-7030 Series plug-in device appears with
a device number of 1. The data acquisition daughterboard of the

NI PCI/PXI-7030 Series plug-in device appears under the processor
board with a device number of 2. An NI PCI-7041 Series plug-in
device appears with a device name of RT: : 0.

l.\__, My System - Measurement & Automation Explorer !IEI E
File Edit “iew Toaols Help
Configuration E'Properties... | [Gloslete | TS Rarels SFshaw Help
= @ Iy System Attribute | Yalue | Description
+ Data Meighborhood mDevice Mumber 1 The MI-DAQ device number
= Devices and Interfaces BPXI Slat: ] The position of the device in the PRI ok
= Traditional WI-DAG Device ESErial Nurber 0=BOA41S The serial number of the device
B 6040E (Device 2)
g RT::0
+ y Paorts (Serial & Parallel
¥ VI Instruments
+-3A Scales
+- @ Historical Data < | ]
+- @ Software x
4| | [in m Attributes
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Figure 2-1. Measurement & Automation Explorer
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2. Note the device number or name. Also note the device number of the
data acquisition daughterboard. MAX always assigns a device number
of 1 to the daughterboard of the NI PCI-7041 Series device.

You need the device number or name of the RT Series plug-in device
to download and run LabVIEW VIs. You can use MAX to change
device numbers or names and other configuration settings for the
devices. You must reset the device for changes to take effect. Refer to
the MAX Remote Systems Help, available by selecting Help»Help
Topics»Remote Systems from MAX, for information about testing
the resources of RT Series plug-in devices.

3. Select Tools»Traditional NI-DAQ Configuration»Save
Configuration As and specify a filename to save the configuration
information.

4. Close MAX.

The NI PCI-7041 Series plug-in device requires you to install software on
the device. Refer to the Downloading Software section for information
about installing software on the device.

Configuring Networked RT Series Devices

You must configure the network settings and install software for networked
RT Series devices. Use MAX to configure the network settings of
networked RT Series devices and then to install software on the device.

RT Series controllers must boot into the Real-Time Operating System
(RTOS) before you attempt to configure the network settings. Some RT
Series PXI controllers require a boot disk to boot into the RTOS. Skip to
the Configuring Network Settings section if you do not require a PXI boot
disk to boot into the RTOS.

@ Note This section contains general instructions to configure the network settings and
software of networked RT Series devices. Refer to the device documentation for specific
hardware installation instructions.
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Booting into the Real-Time Operating System

You must boot RT Series controllers into the RTOS before you can
configure the network settings of the controller. Some RT Series PXI
controllers do not have the RTOS pre-installed. However, you can use a
floppy disk to boot into the RTOS on a PXI controller that does not have
the RTOS installed.
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Complete the following steps to create a boot disk from the host computer.

1.
2.
3.

Place a floppy disk in the host computer disk drive.
Launch MAX on the host computer.

Select Tools»RT PXI Disk Utilities»Create PXI Boot Disk to open
the PXI Boot Disk dialog box.

Click the Yes button to make the boot disk and follow the instructions
that appear on the screen.

Remove the floppy disk and label the disk LabVIEW Real-Time PXI
Boot Disk.

Insert the boot disk into the disk drive of the PXI controller and power
on or reset the controller to boot into the RTOS.

Configuring Network Settings

Complete the following steps to configure the network settings of
networked RT Series devices.

1.

© National Instruments Corporation

In MAX, click the Remote Systems category to expand the Remote
Systems list. This displays all detected networked RT Series devices
on the local subnet.

Select a device to configure. Unconfigured devices appear with a
0.0.0.0 device name. The right pane of the MAX window displays the
network and software settings of the device.

Enter a device name in the Name text box located in the Device
Identification section. The default device name is the IP address of the
device.

Enter the network parameters you want to assign to the device. You
can choose to assign a static IP address or have the device retrieve an
IP address automatically from a Dynamic Host Configuration
Protocol (DHCP) server.

A DHCEP server allocates an IP address to the device when the device
starts up. Select Obtain IP address from DHCP server in the IP
Settings section to obtain an IP address automatically from the DHCP
server. Use DHCP if a static IP address is not available. Consult the
network administrator for more information about using a DHCP
server.
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Use a static IP address if the device must use the same IP address after

areboot. Using a static IP address ensures the proper behavior of

applications that communicate with the device using a specific IP

address. Select Edit the IP settings in the IP Settings section and

specify the following network parameters:

e IP address—The unique, computer-readable address of a
networked device. Each IP address contains a set of four numbers

in the range from O through 255. Each number is separated by a
period. For example, 130.164.44.143.

e Subnet mask—A network code that helps a network device
determine whether other devices are on the same network.
For example, 255.255.255. 0.

e Gateway—The IP address of the gateway server. The gateway
server functions as a connection between two separate networks.

¢ DNS server—The IP address of a Domain Name Server (DNS)
that stores host names and translates them into IP addresses.

You must provide a value for the IP address and Subnet mask. If the
network does not have a gateway or DNS server, set Gateway and
DNS server to the default setting of 0.0.0.0.

Click the Apply button in the Network Settings tab.
Click the Yes button when prompted to reboot.

Downloading Software

Complete the following steps to install or upgrade the software on a
networked RT Series device.

1.
2.

5.

In MAX, select the device from the Remote Systems category.

Click the Software tab to see a list of software available on the host
computer and the software currently on the device.

Click the Install Software button to open the Select software to
download dialog box.

Place checkmarks in the checkboxes of the software that you want to
install on the device.

Click the OK button to install the software.

Refer to Appendix A, Configuring and Testing Device Drivers, for
information about configuring National Instruments hardware I/O device
drivers. Refer to the MAX Remote Systems Help, available by selecting
Help»Help Topics»Remote Systems from MAX, for information about
using MAX to configure remote systems.
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Setting the System Time of RT Targets

Each type of RT target obtains the system time differently on start-up.

RT Series plug-in devices—The RT Engine on the plug-in device
obtains the system time from the host computer when you reset the
device.

FieldPoint 20xx Series network modules—The RT Engine on the
device obtains the time from a time server at each power up to set the
internal clock. If a time server is not available, use the RT Set Date and
Time VI to programmatically set the system date and time. Refer to the
National Instruments Web site at ni.com/info and enter the

info code RT003 for information about setting local time and time
zone considerations for RT targets.

@ Note If you use the RT Set Date and Time VI to set the system time, set the IP address for
the Time Server entry, located on the Servers tab of the System Configuration dialog
box for the FieldPoint module, to 0.0.0.0.

© National Instruments Corporation

Networked RT Series PXI devices—The RT Engine on the device
obtains the system date and time from the BIOS once at boot up.
Use the RT Set Date and Time VI to programmatically set the system
date and time. Refer to the National Instruments Web site at
ni.com/info and enter the info code RT003 for information about
setting local time and time zone considerations for RT targets.
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Real-Time Module Environment

This chapter describes the basic functionality of the LabVIEW Real-Time
Module such as targeting and downloading VIs to an RT target. This
chapter also describes the available options for networked RT Series
devices.

Targeting LabVIEW to an RT Target

When you first launch LabVIEW after installing the Real-Time Module,
the default execution target is the host computer operating system, as
shown in Figure 3-1.

i>! LabWIEW M= E3

File Edit Tools Help

NATIONAL
INSTRUMENTS

AT |"

Open. .. |"|

Canfigure. .. | > |

4 LabVIEW M

Execution Target: ILab'u'IEW for Windows j

Figure 3-1. LabVIEW Dialog Box
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You can target LabVIEW to an RT target or the host computer to open a
front panel communication connection. When you select an execution
target other than the host computer, LabVIEW downloads any LabVIEW
VIs you subsequently run to the selected execution target.

Complete the following steps to target LabVIEW to an execution target.

1.

Start LabVIEW. Previously targeted execution targets appear in the
Execution Target pull-down menu in the LabVIEW dialog box.

If you are using a previously targeted device, select the execution
target from the Execution Target pull-down menu and skip the
remaining steps.

If you are connecting to a networked device and have not targeted the
device previously, select Select Target with Options from the
Execution Target pull-down menu to open the Select Execution
Target dialog box.

Select RT Engine on Network from the target list to enter a new
networked device as shown in Figure 3-2.

Ii>! Select Execution Target E=2

|RT Engine on Metwork |

Machine Mame TP

o

Password Configure |

Ok, | Cancel | Help |

Figure 3-2. Select Execution Target Dialog Box

Enter the IP address and password set for the networked device in
Measurement & Automation Explorer (MAX). Leave the password
field blank if the networked device does not have a password specified
in MAX.

@ Note If you have not configured the hardware in MAX, click the Configure button to
open MAX. Refer to Chapter 2, Installing and Configuring the Real-Time Module and RT
Targets, for configuration instructions.
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If the TP address of the host computer appears in the

RT Target: Access list of the RT target, you do not need to enter the
password. Refer to the Setting Access Permissions for an RT Target
section for information about the RT Target: Access network options.

6. Click the OK button.

Downloading Vis to an RT Target

When you select an RT target in the Select Execution Target dialog box,
LabVIEW establishes a front panel communication connection with the RT
target. You can download a VI and its associated subVIs to an RT target by
clicking the Run button. The RT Engine on the RT target then runs the
downloaded VI.

When a downloaded VI runs on the RT target, LabVIEW switches from
edit to run mode. In run mode, you cannot edit VIs. You must switch back
to edit mode to make changes to the VI. Select Operate»Change to Edit
Mode to switch to edit mode. Switching an RT target VI to edit mode
removes the VI from memory on the target.

E Note When you edita VI or convert a VI from a different version of LabVIEW, you must
save the VI on the host computer before you can download and run it on the RT target.

You also can download LabVIEW VIs without running them by selecting
Operate»Download Application while targeted to an RT target.

To see which VIs have been downloaded to the RT target, select
Browse»Show VI Hierarchy while targeted to an RT target. The VI
hierarchy appears with a pin in the upper left corner of each VI.

When the pin is in the vertical position, as shown to the left, the VI has been
downloaded.

not been downloaded.

= When the pin is in the horizontal position, as shown to the left, the VI has
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Closing a Front Panel Connection without Closing Vis

You can select Operate»Switch Execution Target and then select another
execution target to close the networking connection to the RT target
without closing VIs.

You also can exit LabVIEW on the host computer without closing the VIs
on the RT target. Select File»Exit without closing RT Engine VIs to close
LabVIEW on the host computer. The VIs running on the RT target continue
running. VIs downloaded but not running remain loaded in memory on the
RT target.

If you select File»Exit, LabVIEW opens a dialog box that asks if you want
to exit LabVIEW without closing RT Engine VIs. If you click the Yes
button, LabVIEW exits without closing the VIs on the RT target. If you
click the Close all RT Engine VIs button, LabVIEW closes all the VIs
running on the RT target, unloads the VIs from memory, and closes
LabVIEW.

Connecting to VIs Running on an RT Target

When you target LabVIEW to an RT target to open a front panel
communication connection, LabVIEW detects VIs currently running on the
RT target. LabVIEW attempts to open the local copy of the VIs to show the
front panel.

@ Note When connecting to an RT Series plug-in device, if you place a checkmark in the
Reset checkbox on the Select Execution Target dialog box, LabVIEW clears all VIs in
memory on the target.

If the local copy of the VIs have been moved or modified since you
downloaded them to the RT target, LabVIEW displays the Changed or
Missing VIs dialog box, shown in Figure 3-3.
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{is Changed or Missing ¥Is

RT Execution Engine VIs Legend

£ looper70.wi ! [ %1 is missing
< I doesn't match

-
4 4

[ show path {from where ¥Is were downloaded)

[¥ show anly top-level Ys

Browse for Selected WI

Hit the K button to close any missing ¥Is and update any changed ¥Is on the RT Engine. Hit the
Cancel button to disconnect without closing or updating the RT Engine YIs.

Ok | Cancel I Help

Figure 3-3. Changed or Missing Vs Dialog Box

The Changed or Missing VIs dialog box shows the name of the local VIs
that are missing or that have been modified and no longer match the VIs
running on the RT target. From the Changed or Missing VIs dialog box,
you can browse for a VI that was moved in the host computer file system,
close all VIs running on the RT target and update them with the latest
version of each VI, and close the network connection between LabVIEW
and the RT target while leaving the VIs running.

Configuring Options of Networked RT Targets

You can set access and start-up options for networked RT targets.

With LabVIEW targeted to the RT target, select Tools»RT Target: x.x.x.x
Options to access the RT target Options dialog box, where x.x.x.x is the
IP address of the RT target.

Setting Access Permissions for an RT Target

Use the RT Target: Access page, available by selecting RT Target:
Access from the RT target Options dialog box pull-down menu, to limit
which computers can establish a front panel connection with the RT Engine
on networked RT targets.
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To access the RT target, the IP address of the host computer must match an
entry that allows access in the RT Target Access List and you must
provide the correct password for the RT target. You can allow or deny
access to computers by adding entries in the RT Target Access List.

Complete the following steps to add entries to the RT Target Access List.

1. From the RT Target: Access page, enter the computer IP address or
domain name entry of the computer.

@ Note If the RT target does not have access to a Domain Name Server (DNS), do not use
domain name entries in the RT Target Access List. Requests to resolve the domain name
fail and affect the performance of VIs running on the RT target.
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2. Select the Allow Access or Deny Access radio button and click the
Add button.

When you try to target LabVIEW to an RT target, the RT Engine on the
RT target compares the host computer IP address to the entries in the

RT Target Access List to determine accessibility. You define the

RT Target Access List entries to indicate whether a host computer is
permitted or denied access. Permissions are granted to list entries in
descending order, meaning that any entry in the list supersedes a previous
list entry. For example, in Figure 3-4, a. test.site.com and
b.test.site.com can access the RT target even though a previous list
entry indicates by the * wildcard that all addresses ending in
.test.site.com are denied access. A checkmark next to a list entry
denotes that access is permitted, while an X denotes that access is denied.
If no entry matches the host computer address, access is denied unless you
supply a password. Place frequently matched entries toward the bottom of
the RT Target Access List to improve system performance.
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EE Options
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Figure 3-4. RT Target: Access Page

Table 3-1 shows examples of RT Target Access List entries and provides
an explanation of matching entries.

Table 3-1. Example RT Target Access List Entries

Access String Matches

* All hosts

test.site.com The host whose domain name is
test.site.com

* . site.com All hosts whose domain names end with
.site.com

130.164.123.123 The host with the IP address
130.164.123.123

130.164.123.% All hosts whose IP addresses start with
130.164.123
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To specify an Internet host address, enter its domain name or IP address.
Use the * wildcard when specifying Internet host addresses. For example,
you can specify all hosts within the domain site.com with the following
entry:

* . site.com

You can specify all hosts in the subnet whose first two numbers are 130.164
with the following entry:

130.164.%

The * entry is the default RT Target Access List entry and matches all
addresses.

Setting Options for RT Target Start-up Applications

Use the RT Target: Miscellaneous page, available by selecting
RT Target: Miscellaneous from the RT target Options dialog box
pull-down menu, to set RT target start-up application options.

i+ Options E

I RT Target: Miscellaneous j

Application Path

[~ Launch Application at Book-up

Downloaded WI Path

C:ni-rklstartup

Cancel | Help |
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Figure 3-5. RT Target: Miscellaneous Page

Place a checkmark in the Launch Application at Boot-up checkbox,
shown in Figure 3-5, to launch the application specified in the Application
Path text box when you boot up a networked RT target with a media
storage device. The path specified in the Application Path text box also
determines the path and application name that appear when you target
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LabVIEW to the RT target and create an embedded stand-alone
application. You first must create a stand-alone application before you
select this option. Refer to the Building Stand-Alone Applications section
of Chapter 7, Deploying Applications, for information about using the
LabVIEW Application Builder to create start-up applications.

By changing the entry in the Application Path text box to another
filename, you can create multiple stand-alone applications on the RT target
using the LabVIEW Application Builder. After building an application
using the Application Builder and embedding it on the RT target, you can
change the entry in the Application Path text box and build another
application. However, if you select Launch Application at Boot-up, only
the application you specify in the Application Path launches at start-up.

Use Downloaded VI Path to specify the default path on the RT target for
VIs. The RT Engine uses the path specified in Downloaded VI Path for
operations that require the VI path. For example, the Current VI’s Path
function returns the path of the current VI. When you run a VI that contains
the Current VI's Path function on the RT target, the function returns the
path specified in the Downloaded VI Path text box, appended with the
name of the VL.

@ Note Application Path and Downloaded VI Path refer to the file system on the RT
target.
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Building Deterministic
Applications

This chapter explains how to build deterministic applications using the
LabVIEW Real-Time Module.

Programming for Determinism

The first thing to consider when implementing a real-time system with
LabVIEW is whether you need determinism. Determinism is the
characteristic of a system that describes how consistently it responds to
external events or performs operations within a given time limit. If you
intend to build deterministic applications, use the programming techniques
in this chapter to achieve high levels of determinism in VIs.

Overview of Multithreaded Applications

Most computers have only one processor, so tasks execute one at a time.
Multitasking is achieved by running one application for a short amount of
time and then having other applications run. As long as the amount of
processor time allocated for each application is small enough, computers
appear to have multiple applications running simultaneously.

Multithreading is when you apply the concept of multitasking to a single
application by breaking it into smaller tasks that execute for short amounts
of time in different execution system threads. A thread is a completely
independent flow of execution for an application within the execution
system. Multithreaded applications maximize the efficiency of the
processor because the processor does not sit idle if there are other threads
ready to run. Any application that reads and writes from a file, performs
I/O, or polls the user interface for activity can benefit from multithreading
simply because you can use the processor to run other tasks during these
activities.
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Creating Multithreaded Applications in LabVIEW

Real-Time Module User Manual

To create a multithreaded application in LabVIEW, you must separate
time-critical tasks from non-time-critical tasks. You then can build VIs to
complete each task. You prioritize the VIs and then categorize them into
one of the available execution systems to control the amount of processor
resources each VI receives. LabVIEW assigns each VI to an execution
system thread according to the VI priority. The threads execute on the
processor accordingly.

Scheduling Threads

The Real-Time Operating System (RTOS) on RT targets uses a
combination of round robin and preemptive scheduling to execute threads
in the execution system. Round robin scheduling applies to threads of equal
priority. Equal shares of processor time are allocated between equal
priority threads. For example, each normal priority thread is allotted 10 ms
to run. The processor executes all the tasks it can in 10 ms and whatever is
incomplete at the end of that period must wait to complete during the next
allocation of time. Conversely, preemptive scheduling means that any
higher priority thread that needs to execute immediately pauses execution
of all lower priority threads and begins to execute. A time-critical priority
thread is the highest priority and preempts all priorities.

Assigning Priorities

You can select from the following VI priorities, listed in order from lowest
to highest, to assign VIs to an execution system thread:

*  background priority (lowest)

e normal priority

e above normal priority

e  high priority

e time-critical priority (highest)

Threads of higher priority preempt threads of lower priority.

Normal priority is the default thread priority for all VIs created in
LabVIEW. The time-critical priority preempts all thread priorities.

A time-critical priority thread does not relinquish processor resources
until it has completed or until it cooperatively relinquishes the processor
resources. You must ensure that the time-critical thread does not
monopolize the processor resources. Because time-critical priority threads
cannot preempt each other, create only one time-critical thread in an
application to guarantee deterministic behavior.

4-2 ni.com



Chapter 4 Building Deterministic Applications

In addition to the five priority levels listed above, you can set VIs to
subroutine priority. VIs set for subroutine priority do not share execution
time with other VIs. When a VI runs at the subroutine priority level, it
effectively takes control of the thread in which it is running, and it runs in
the same thread as its caller. No other VI can run in that thread until the
subroutine VI finishes running, even if the other VI is at the subroutine
priority level.

Assigning Vis to Execution Systems

LabVIEW has the following six execution systems to categorize VIs:
* user interface

e  standard

* instrument I/O

» data acquisition

e other1

e other?2

The names of the execution systems are suggestions for the type of VIs to
place within the execution system. By default, all VIs run in the standard
execution system at normal priority. The user interface execution system
handles all user interface tasks. Instrument I/O and data acquisition task
VIs can be assigned to other execution systems, but you can use the labels
to understand the organization. In addition to the six execution systems,
you also can assign VIs to the same as caller execution system. The same
as caller category is not a true execution system because it runs subVIs in
the same execution system as the VI that called the subVI.

Every execution system except user interface has a thread queue.

For example, if you have three threads assigned to an execution system,
at any time, one thread might run and the other two wait in the queue.
Assuming all threads have the same priority, one of the threads runs for a
certain amount of time. The thread then moves to the end of the queue, and
the next thread runs. When a thread completes, the execution system
removes it from the queue.

The execution systems are not responsible for managing the user interface.
If a thread in one of the queues needs to update the user interface, the
execution system passes responsibility to the user interface execution
system, which updates the user interface.
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Dividing Tasks to Create Deterministic Multithreaded Applications
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Deterministic control applications depend on time-critical tasks to
complete on time, every time. Therefore, time-critical tasks need enough
processor resources to ensure their completion. Separate time-critical tasks
from all other tasks in the application and place them in a separate VI so
you can ensure they receive enough processor resources. For example, if a
control application processes measurement data at regular intervals and
stores the data on disk, you must handle the timing and control of the data
acquisition in a time-critical VI. However, storing the data on disk is
inherently a non-deterministic task because file I/O operations have
unpredictable response times that depend on the hardware and the
availability of the hardware resource. Place file I/O operations in the
normal priority VI.

The time-critical priority VI receives the processor resources necessary to
complete the task and does not relinquish control of the processor until it
cooperatively yields to the normal priority VI or until it completes the task.
The normal priority VI then runs until preempted by the time-critical VI.

The process repeats until all tasks complete.

If the application contains two normal priority VIs in addition to the
time-critical VI, the timing of the application changes. For example, if the
application also requires updates to a LabVIEW front panel, you must
create a separate normal priority VI for network communication.

The network communication VI can receive data from other VIs in the
application using different communication methods. The communication
VI then can execute the non-deterministic network communication code to
update the front panel. When the application runs, the time-critical VI uses
the processor resources until the task completes or until it cooperatively
relinquishes control. The two normal priority VIs then round robin the
control of the processor resources in equal amounts of time until the tasks
complete or until preempted by the time-critical VI again for control of the
processor resources.

After separating all deterministic tasks from non-deterministic tasks in the
application into different VIs, assign the VIs to an execution system and
prioritize them accordingly.

Complete the following steps to set the execution system and priority
of a VL.
1. Select File»VI Properties to open the VI Properties dialog box.

2. Select Execution from the Category pull-down menu.
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3. Select the priority from the Priority pull-down menu.

4. Select the execution system from the Preferred Execution System
pull-down menu.

You then can use the different VIs as subVIs to build the final determini