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Student Guide

]

Thank you for purchasing the LabVIEW Basics II course kit. You can begin
developing an application soon after you complete the exercises in this
manual. This course manual and the accompanying software are used in the
two-day, hands-on LabVIEW Basics II course. You can apply the full
purchase of this course kit towards the corresponding course registration fee
if you register within 90 days of purchasing the kit. Visit the Customer
Education section of ni . com for online course schedules, syllabi, training
centers, and class registration.

A. About This Manual

This course manual teaches you how to use LabVIEW to develop test

and measurement, data acquisition, instrument control, datalogging,
measurement analysis, and report generation applications. This course
manual assumes that you are familiar with Windows, Macintosh, or UNIX,
that you have experience writing algorithms in the form of flowcharts or
block diagrams, and that you have taken the LabVIEW Basics I course or
that you have equivalent experience.

The course manual is divided into lessons, each covering a topic or a set of
topics. Each lesson consists of the following:

* An introduction that describes the purpose of the lesson and what you
will learn

* A description of the topics in the lesson
* A set of exercises to reinforce those topics
* A set of additional exercises to complete if time permits

* A summary that outlines important concepts and skills taught in the
lesson
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Several exercises in this manual use a plug-in multifunction data acquisition
(DAQ) device connected to a DAQ Signal Accessory containing a
temperature sensor, function generator, and LEDs.

If you do not have this hardware, you still can complete most of the
exercises. Be sure to use the demo versions of the VIs when you are working
through exercises. Exercises that explicitly require hardware are indicated
with an icon, shown at left. You also can substitute other hardware for those
previously mentioned. For example, you can use another National
Instruments DAQ device connected to a signal source, such as a function
generator.

Each exercise shows a picture of a finished front panel and block diagram
after you run the VI, as shown in the following illustration. After each block
diagram picture is a description of each object in the block diagram.
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B. What You Need to Get Started

Before you use this course manual, make sure you have all of the following
items:

Q (Windows) Windows 95 or later installed on your computer; (Macintosh)
Power Macintosh running MacOS 7.6.1 or later; (UNIX) Sun workstation
running Solaris 2.5 or later and XWindows system software, an HP 9000
workstation model 700 series running HP-UX 10.20 or later, or a PC
running Linux kernel 2.0.x or later for the Intel x86 architecture

Q (Windows) Multifunction DAQ device configured as device 1 using
Measurement & Automation Explorer; (Macintosh) Multifunction DAQ
device in Slot 1

Q DAQ Signal Accessory, wires, and cable
Q LabVIEW Professional Development System 6.0 or later

Q (Optional) A word processing application such as (Windows) Notepad,
WordPad, (Macintosh) TeachText, (UNIX) Text Editor, vi, or vuepad

O LabVIEW Basics II course disk, containing the following files.

Filename Description
LVB2SW. exe Self-extracting archive containing VIs used in the
course
LVB2Sol.exe Self-extracting archive containing completed course
exercises
LVB2Read.txt | Textfile describing how to install the course software

© National Instruments Corporation SG-3 LabVIEW Basics Il Course Manual
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C. Installing the Course Software

Complete the following steps to install the LabVIEW Basics II course
software.

Windows

1. Run the program called LvB2SW . exe. The course files will be extracted
to the c: \exercises\LV Basics 2 directory:

Basics2.11b will be installed in the LabVIEW\user. 1ib directory.
When you launch LabVIEW, a palette called Basics 2 Course will be in
the User Libraries palette of the Functions palette.

2. (Optional) Double-click LvB2So1 . exe to install the solutions to all
exercises in the c: \solutions\LV Basics 2 directory.

Macintosh

1. As shown in steps 1 and 2 of the Windows installation, use a
Windows-based PC to extract the files and transfer them to your
Macintosh. If you do not have access to a PC, contact National
Instruments for uncompressed files.

2. Copy the files to your hard disk using the directory structure described
in the Windows section.

UNIX

1. As shown in steps 1 and 2 of the Windows installation, use a
Windows-based PC to extract the files and transfer them to your
workstation. If you do not have access to a PC, contact National
Instruments for uncompressed files.

2. Mount the PC disk you are using to transfer the files. The course
assumes the directory structure described in the Windows section.
Copy all files to the appropriate location.

LabVIEW Basics Il Course Manual SG-4 ni.com
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D. Course Goals and Non-Goals

This course prepares you to do the following:

e Understand the VI development process.

* Understand some common VI programming architectures.
* Design effective user interfaces (front panels).

» Use data management techniques in VIs.

* Use advanced file I/O techniques.

* Use LabVIEW to create your applications.

* Improve memory usage and performance of your VlIs.

You will apply these concepts in Lesson 5, Developing Larger Projects in
LabVIEW. In Lesson 5, you will build a project that uses VIs you create in
Lessons 1, 2, 3, and 4. While these VIs individually illustrate specific
concepts and features in LabVIEW, they constitute part of a larger project
you will finish in Lesson 5.

The project you will build must meet the following criteria:

* Provides a menu-like user interface.

* Requires the user to log in with a correct name and password.

» If the user is not correctly logged in, other features are disabled.

* Acquires data with the specified user configuration.

* The user can analyze a subset of data and save the results to a file.

* The user can load and view analysis results previously saved to disk.

The following course map contains notes about the parts of the project you
will develop in various sections of the course. Exercises within the lessons
also remind you when you are working on a VI used in a later exercise.

This course does not describe any of the following:

* LabVIEW programming methods covered in the LabVIEW Basics |
course

*  Programming theory
* Every built-in VI, function, or object

* Developing a complete application for any student in the class

© National Instruments Corporation SG-5 LabVIEW Basics Il Course Manual
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E. Course Map

Planning
LabVIEW
Applications

v

Designing Front Panels

S

v

Data Management
Techniques

v

Advanced File I/0
Techniques

v

Creating Larger
Projects

v

CNC N NN N O

Performance
Issues

N

Develop flowchart for
Application Exervise VI

Build User Interface Menu
Build Acquire Data VI
Build Analyze & Present
Data VI

Build Disable Controls VI

Build Login VI

Build Save Data to File VI
(completes Analysis & Present
Data VI)

Study View Analysis File VI

Assemble pieces to build
Application Exercise VI
and finish project
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F. Course Conventions

»

italic

monospace

Platform

right-click

The following conventions appear in this course 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.
This icon indicates that an exercise requires a plug-in DAQ device.

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,
controls and buttons on the front panel, dialog boxes, sections of dialog
boxes, menu names, and palette names.

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.

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.

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

(Macintosh) Press <Command>-click to perform the same action as a
right-click.
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Lesson 1
Planning LabVIEW
Applications
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This lesson describes some of the issues involved when developing
LabVIEW applications, including the design process, the organization of
subVI components, and the process of combining those components to
create a complete application. This lesson also describes common
LabVIEW programming architectures along with some tools to help you
build Vls.

You Will Learn:

Planning and design tips for developing a LabVIEW application
How to convert your design outline into actual LabVIEW subVlIs
Error handling techniques

Common LabVIEW programming architectures

moaw»

About VI templates

© National Instruments Corporation 1-1 LabVIEW Basics Il Course Manual



Lesson 1 Planning LabVIEW Applications

A. The Planning and Design Process

To design large LabVIEW projects, you will find that you usually begin with
a top-down approach. That is, you first define the general characteristics
and specifications of the project. After you define the requirements of the
application with input from your customer, you begin developing the subVIs
you will eventually assemble to form the completed project. This stage
represents the bottom-up development period. Customer feedback helps
you determine new features and improvements for the next version of the
product, bringing you back to the project design phase. The following chart
illustrates this project development process.

Define Project

e

4

Design
Flowchart

\ 4

Implement
Nodes as Vls

Top-Down

Process
Customer | 4———| Tgot Foase
Feedback
A
Integrate SubVIs
into Project
A
P Test SubVls
Bottom-Up

LabVIEW Project Development Process

Designing a flow diagram can help you visualize how your application
should operate and set up the overall hierarchy of your project. Because
LabVIEW is a data flow programming language and its block diagrams are
similar to typical flowcharts, it is important to carefully plan this chart. You
can directly implement many nodes of the flowchart as LabVIEW subVIs.
By carefully planning the flowchart before implementing your LabVIEW
application, you can save development time later.

Also, keep in mind the following development guidelines:

LabVIEW Basics Il Course Manual

Accurately define the system requirements.

Clearly determine the end-user’s expectations.

Document what the application must accomplish.

Plan for future modifications and additions.
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Lesson 1 Planning LabVIEW Applications

B. The Implementation Process

After completing the planning process, implement your application by
developing subVIs that correspond to flowchart nodes. Although you cannot
always use this approach, it helps to modularize your application. By clearly
defining a hierarchy of your application’s requirements, you create a
blueprint for the organization of the VIs you develop.

In addition, modularization makes it much easier for you to test small
portions of an application and later combine them. If you build an entire
application on one block diagram without subVIs, you might not be able to
start testing until you have developed the majority of the application. At that
point, it is very cumbersome to debug problems that might arise. Further,
by testing smaller, more specific VIs, you can determine initial design flaws
and correct them before investing hours of implementation time.

By planning modular, hierarchical development, it is easier to maintain
control of the source code for your project, and keep abreast of the project’s
status. Another advantage of using subVIs is that future modifications and
improvements to the application will be much easier to implement.

After you build and test the necessary subVlIs, you will use them to complete
your LabVIEW application. This is the bottom-up portion of the
development.

© National Instruments Corporation 1-3 LabVIEW Basics Il Course Manual



Lesson 1 Planning LabVIEW Applications

C. Error Handl

ing Techniques

In the LabVIEW Basics I course, you used the error in and error out clusters
to pass error information between functions and subVIs. These error clusters
contain three pieces of information—a status Boolean indicating a True
value for an error, a numeric that indicates the error number, and the source
string that displays which function or subVI generated the error. You can use
either the Unbundle or the Unbundle By Name function located on the
Functions»Cluster palette to extract this information as shown in the
following block diagram.

data)
]

O pen/Create’ _ _
Feplace File.vi F=ad File Close File] Simple Emor Handler. «i
funicticn FILE [g L0
s o - =

shatug)
\ lUnbundle By Mame| (™

zhatus [ ¢ |oode]
Error clusters

]

b+ | code

SOUMCE m-; PR

The previous example illustrates a typical usage of the error in/error out
approach. That is, the File I/O VIs and functions use error clusters to pass
information from one operation to the next. You can then use the error
handling VIs from the bottom row of the Time & Dialog palette to notify
the user of any error conditions that occur.

The Error Handler Vis

LabVIEW Basics Il Course Manual

The Simple Error Handler takes the error in cluster or the error code value
and if an error occurs, opens a dialog box that describes the error and
possible reasons for it. You also can change the type of dialog box it opens
from displaying an OK button, to not display a dialog box at all, or to
display a dialog box and give the user a choice to continue or stop the VI.

eror code (ko errar: 0] [y errar?
error source [ M & code out
twpe of dialog [OF meg:1] E—Fw% gource out
2Irar in [ho ermar] errar oLt
message

The General Error Handler VI also accepts the error in cluster or the error
code value and a dialog box of the type specified appears when an error
occurs. However, in addition, you can set up error exception lists so that
specified errors are cleared or set when they occur. You also can use the
General Error Handler VI to add errors to the internal error description table.
The error description table describes all errors for LabVIEW and its
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Lesson 1 Planning LabVIEW Applications

associated I/O operations. Therefore, you can add your own error codes and
descriptions to the error handler VIs. Refer to the LabVIEW Help for
information about how to modify your error handler VIs.

[uzer-defined dezcriptiong] wesassacasag
[uzer-defined codes]
[error code] (0] rar error’y
[errar gource] [~ lg/li-/' E....L.. code out
twpe of dialog [OF. meg: 1] ﬁ soLrce aut
erar in (o errar) Mmeszage
[excephion action] [none: 0] error out
[exwception code]
[Exception source]

When an error occurs, the Simple Error Handler and General Error Handler
VIs open a dialog box that displays the information contained in the error
cluster and possible reasons for that error as listed in the internal error
description table.

Sometimes you have separate lines of operations that run in parallel in
LabVIEW and each operation maintains their own error clusters. You can
use the Merge Errors VI to combine several error clusters into one.

ermor in 1 [ho error) ===y
EIT0r in 2 [ho ermor) ftﬂ ,H;'?!
errar in 3 [no E”Dr]mﬁm i errar out

2ITor array in

The Merge Errors VI looks at the incoming error clusters or the array of
error clusters and outputs the first error found. If no errors occur, LabVIEW
returns the first warning message, error code is a positive value. Otherwise,
LabVIEW returns a no error condition.

© National Instruments Corporation 1-5 LabVIEW Basics Il Course Manual



Lesson 1 Planning LabVIEW Applications

Incorporating Error Handling into Your Vis

You should build error handling into your own Vs in addition to using the
error clusters for built-in VIs and functions. For example, when you are

building a subVI to use in a larger project, you might not want that subVI to
run if an error occurred previously. You can wire the error cluster to a Case
structure to get Error and No Error cases as shown in the following example.

Mo Error b

Flace code here to
execute when no prior
errars hawve occured.

error in [ho error error out
7] =
I'_l Error t
] O

As shown in the previous example, you place the code you wish to run in the
No Error case and then define the error out value for that case depending
upon what is occurring in that case.

In the next exercise you will build a VI that generates data, analyzes those
data, and presents the data to the front panel while using error clusters
appropriately.

LabVIEW Basics Il Course Manual 1-6 ni.com



Exercise 1-1

Lesson 1 Planning LabVIEW Applications

Generate & Analyze Data VI

Objective: To build a VI that generates, analyzes, and displays data while using error handling
techniques.

You will build a VI that generates a noisy sine waveform, computes the
frequency response of those data, and plots the time and frequency
waveforms in waveform graphs. You will use the error clusters and the error
handling VIs to properly monitor error conditions.

E Note You will use this VI in the appendix.

Front Panel

Sine Frequency  Sine Amplitude Time Y/ aveform Plot 0 E
500.0- 10- 8.0+

400.0- 8- -
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5 o H\ ul
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e 1a- 8.

Fz = /

. 0.0 0. Dm 1 UU. O 1 EU.Um ZUU.Um

}JI-I'UDK BE Time

;’IZSDDT ;: Pawer Spectium Flotn
D_

averaging parameters

averaging mods
ﬂHMS averaging |
weighting mode

ﬂ E xponential |

rumber of averages [ [ | | 1
| D U 1000 200.0 000 4000 500.0

Frequency

STOP

1. Open anew VI

2. Add the three Vertical Pointer Slides located on the Controls»Numeric
palette, the Stop button located on the Controls»Boolean palette, and
the two Waveform Graphs located on the Controls»Graph palette to
the front panel as shown in the previous front panel. Label them
appropriately. You will create the two clusters—Sampling Info and
averaging parameters—from the block diagram.

© National Instruments Corporation 1-7 LabVIEW Basics Il Course Manual
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Block Diagram
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Open and build the block diagram using the following components.

a.

Place a While Loop located on the Functions»Structures palette on
the block diagram. This structures the VI to continue to generate and
analyze data until the user clicks the Stop button. Right-click the
Conditional terminal and select Stop If True.

Place the Sine Waveform VI located on the Functions»
Analyze»Waveform Generation palette on the block diagram.
This VI generates a sine waveform with the specified frequency,
amplitude, and sampling information. To create the sampling info
cluster control, right-click that input terminal and select
Create»Control from the shortcut menu.

Place the Uniform White Noise Waveform VI located on the
Functions»Analyze»Waveform Generation palette on the block
diagram. This VI generates a waveform of uniform white noise
specified by the amplitude and sampling information.

Place the Merge Errors VI located on the Functions» Time &
Dialog palette on the block diagram. This VI combines the error
clusters coming from the Sine and Noise VIs into a single error
cluster.

Place the Add Waveforms VI located on the Functions»
Waveform»Waveform Operations palette on the block diagram.
This function adds the two waveforms to obtain a noisy sinewave.

Place the FFT Power Spectrum VI located on the Functions»
Analyze» Waveform Measurements palette on the block diagram.
This VI calculates the frequency response of the time waveform
input and averages the data according to the specified averaging
parameters. To create the averaging parameters cluster control,

1-8 ni.com
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right-click that input terminal and select Create»Control from the
shortcut menu.

-ﬁ g. Place the Wait Until Next ms Multiple function located on the
== Functions»Time & Dialog palette on the block diagram. This
function causes the While Loop to execute every half second. To
create the constant, right-click the input terminal and select
Create»Constant from the shortcut menu.

~NETT h. Place the Unbundle By Name function located on the Functions»
Cluster palette on the block diagram. This function extracts the
status Boolean from the error cluster in order to stop the loop if an
eITor OCCurs.

) i. Place the Or function located on the Functions»Boolean palette on
the block diagram. This function combines the error status Boolean
and the Stop button on the front panel so that the loop stops if either
of these values becomes True.

j. Place the Simple Error Handler VI located on the Functions» Time
& Dialog palette on the block diagram. A dialog box in this VI
appears if an error occurs and displays the error information.

4. Save this VI as Generate & Analyze Data.vi into the
c:\exercises\LV Basics 2 directory.

5. Observe how the subVlIs you used in this block diagram use error
handling. Double-click the Sine Waveform VI and open its block
diagram. Notice that the first thing it does is to check the error in cluster
for previous errors. If an error has occurred, LabVIEW returns an empty
waveform and passes out the error information. If no error has occurred,
LabVIEW generates a sine waveform of the specified input parameters.

6. Run the VI. You can adjust the front panel controls to see the time and
frequency waveforms change. You can force an error by entering the
wrong values into these controls. For example, a sampling frequency,
Fs, too low or too high results in an error.

By turning the averaging mode on, you can extract the sine wave peak
from the noise regardless of their specified amplitudes. Notice what
affect the different averaging techniques have on the signal.

7. Stop and close this VI when you are finished.

End of Exercise 1-1

© National Instruments Corporation 1-9 LabVIEW Basics Il Course Manual



Lesson 1 Planning LabVIEW Applications

D. LabVIEW Programming Architectures

You can develop better programs in LabVIEW and in other programming
languages if you follow consistent programming techniques and
architectures. Structured programs are easier to maintain and understand.
Now that you have created several VIs in LabVIEW through either the
LabVIEW Basics I course or from similar programming experience, this
concept of structured programming is described in more detail.

One of the best ways to create a program architecture that is easy to
understand is to follow modular programming techniques and make subVIs
for reusable or similarly-grouped operations. For example, refer to the VI
you built in Exercise 1-1. The subVIs you used make the VI very easy to
follow and understand while each piece can be reused in other VIs.
Combined with documentation on the block diagram and in the File»VI
Properties»Documentation option, a modular VI is easy to understand and
modify in the future.

You can structure VIs differently depending on what functionality you want
them to have. This section describes some of the common types of VI
architectures, along with their advantages/disadvantages—simple, general,
parallel loops, multiple cases, and state machines.

Simple VI Architecture

LabVIEW Basics Il Course Manual

When doing calculations or making quick lab measurements, you do not
need a complicated architecture. Your program might consist of a single VI
that takes a measurement, performs calculations, and either displays the
results or records them to disk. The Simple VI architecture usually does not
require a specific start or stop action from the user and can be initiated when
the user clicks the run arrow. In addition to being commonly used for simple
applications, this architecture is used for functional components within
larger applications. You can convert these simple VIs into subVIs that are
used as building blocks for larger applications.

i Convert M [=] ) | ! Convert C to F.vi Diagram M =]E5

File Edit DOperate Tool: Browse i File Edit Operate Tools Browse “Window He
C=F

|.{>|{§}| @@ 13pt Application C=F :{}l@l ©|E| I..ullﬁ’ oft | 13ptA
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degC degF d=g C]
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1.80 32.00
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The previous front panel and block diagram example is the Convert C to

F VI built in the LabVIEW Basics I course. This VI performs the single task
of converting a value in degrees Celsius to degrees Fahrenheit. You can use
this simple VI in other applications that need this conversion function
without needing to remember the equation.

General VI Architecture
In designing an application, you generally have up to three main phases:

Startup This section is used to initialize hardware, read
configuration information from files, or prompt
the user for data file locations.

Main Application This section generally consists of at least one
loop that repeats until the user decides to exit the
program, or the program terminates for other
reasons such as I/O completion.

Shutdown This section usually takes care of closing files,
writing configuration information to disk, or
resetting I/0O to its default state.

The following block diagram shows this general architecture. For simple
applications, the main application loop can be fairly straightforward. When
you have complicated user interfaces or multiple events, such as, user
action, I/O triggers, and so on, this section can get more complicated. The
next few illustrations show design strategies you can use to design larger
applications.

Enter your code here

Notice in the previous block diagram that the error cluster wires control the
execution order of the three sections. The While Loop cannot begin running
until the Startup VI is finished running and returns the error cluster.
Consequently, the Shutdown VI cannot run until the main program in the
While Loop is finished and the error cluster is passed out of the loop.
Another thing to notice in the previous block diagram is the wait function.
A wait function is required in most loops, especially if that loop is
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monitoring user input on the front panel. Without the wait function, the loop
might run continuously so that it uses all of the computer's system resources.
The wait function forces the loop to run asynchronously even if the wait
period is specified as zero milliseconds. If the operations inside the main
loop react to user inputs, then the wait period can be increased to a level
acceptable for reaction times. A wait of 100—200 ms is usually good as most
users will not detect that amount of delay between pushing a button on the
front panel and the subsequent event executing.

Parallel Loop VI Architecture
Some applications require the program to respond to and run several events
concurrently. One way of designing the main section of this application is
to assign a different loop to each event. For example, you might have a
different loop for each action button on the front panel and for every other
kind of event, such as a menu selection, I/O trigger, and so on. The following
block diagram shows this Parallel Loop VI architecture.

S kartup. vi
Merae Errors.vil [Shutdown. i
FTART Ty
| £TOP
Enter your code here A
for the first process
100

Enter your code here
for the second process

100 LE

S top [F T rue

This structure is straightforward and appropriate for some simple menu type
VIs where a user is expected to select from one of several buttons that lead
to different actions. This VI architecture also has an advantage over other
techniques in that taking care of one event does not prevent you from
responding to additional events. For example, if a user selects a button that
causes a dialog box to appear, parallel loops can continue to respond to I/O
events. Therefore, the main advantage of the Parallel Loops VI architecture
is its ability to handle simultaneous multiple independent processes.

The main disadvantages of the parallel loop VI architecture lie in
coordinating and communicating between different loops. The Stop button

LabVIEW Basics Il Course Manual 1-12 ni.com



Lesson 1 Planning LabVIEW Applications

for the second loop in the previous block diagram is a local variable. You
cannot use wires to pass data between loops, because that would prevent
the loops from running in parallel. Instead, you have to use some global
technique for passing information between processes. This can lead to race
conditions where multiple tasks attempt to read and modify the same data
simultaneously resulting in inconsistent results and are difficult to debug.

@ Note Refer to Lesson 3, Data Management Techniques, of this course for more
information about global variables, local variables, and race conditions.

Multiple Case Structure VI Architecture

The following block diagram shows how to design a VI that can handle
multiple events that can pass data back and forth. Instead of using multiple
loops, you can use a single loop that contains separate case structures for
each event handler. This VI architecture would also be used in the situation
where you have several buttons on the front panel that each initiate different
events. The following FALSE cases are empty.

Startup. v Shutdown. vi

ETART

ETOP

2ea n: et

An advantage of this VI architecture is that you can use wires to pass data.
This helps improve readability. This also reduces the need for using global
data, and consequently makes it less likely that you will encounter race
conditions. You can use shift registers on the loop border to remember
values from one iteration to the next to pass data as well.

Several disadvantages exist to the multiple case structure VI architecture.
First, you can end up with block diagrams that are very large and
consequently are hard to read, edit, and debug. In addition, because all event
handlers are in the same loop, each one is handled serially. Consequently, if
an event takes a long time, your loop cannot handle other events. A related
problem is that events are handled at the same rate because no event can
repeat until all objects in the While Loop complete. In some applications,
you might want to set the priority of user interface events to be fairly low
compared to I/0O events.
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State Machine VI Architecture

You can make the block diagrams more compact by using a single case
structure to handle all of your events. The State Machine VI architecture is
a method for controlling the execution of VIs in a nonlinear fashion. This
programming technique is very useful in VIs that are easily split into several
simpler tasks, such as VIs that act as a user interface.

You create a state machine in LabVIEW with a While Loop, a Case
structure, and a shift register. Each state of the state machine is a case in the
Case structure. You place VIs and other code that the state should execute
within the appropriate case. A shift register stores the state to be executed
upon the next iteration of the loop. The block diagram of a state machine
appears in the following figure.

" "Startup”, Default B

Startup. vi 4+ Shutdown =
START

status

B e~

{+Ewent 1+
Event 2T

Action 1

code here
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Action 2
code here
4
2 - —
1 "Shutdown™ t
Shutdown. vi
ETOP
)

In this architecture, you design the list of possible events, or states, and then
map that to each case. For the VI in the previous block diagram, the possible
states are startup, idle, event 1, event 2, and shutdown. These states above
are stored in an enumerated constant. Each state has its own case where you
place the appropriate nodes. While a case is running, the next state is
determined based on the current outcome. The next state to run is stored in
the shift register. If an error occurs an any of the states, the shutdown case is
called.

The advantage of the State Machine VI architecture is that the block
diagram can become much smaller, making it easier to read and debug.
One drawback of the Sequence structure is that it cannot skip or break out
of a frame. The State Machine architecture solves that problem because each
case determines what the next state will be as it runs.

A disadvantage to the State Machine VI architecture is that with the
approach in the previous block diagram, you can lose events. If two events
occur at the same time, this model handles only the first one, and the second
one is lost. This can lead to errors that are difficult to debug because they
can occur only occasionally. More complex versions of the State Machine
VI architecture contain extra code that builds a queue of events, states,

so that you do not miss any events.
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More About Programming Architecture

As with other programming languages, many different methods and
programming techniques are used when designing a VI in LabVIEW. The
VI architectures shown in this section are some of the common methods to
give you an idea of how to approach writing a VI.

The VI structures will get much more complicated as applications get larger
and many different hardware types, user interface issues, and error checking
methods are combined. However, you will see these same basic
programming architectures used. Examine the larger examples and demos
that ship with the LabVIEW application and write down which common VI
architecture is used and why. Additional resources for making LabVIEW
applications are described in the LabVIEW Development Guidelines
manual.

Next you will build a VI that uses the Simple VI architecture to verify the
name and password of a user.
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Exercise 1-2  Verify Information VI
Objective: To build a VI that demonstrates the simple VI architecture.

You will build a VI that accepts a name and password and checks for a match
in a table of employee information. If the name and password match, the
confirmed name and a verification Boolean object are returned.

@ Note You will use this VI in Lesson 3.

Front Panel

Name Mame Confirmed
|JDB |.Joe

# String control * Shing indicatar
Liriit ta zsingle line enabled

Pazzword Werified

* Shing contral # * Round LED *

Pazzword Display enabled
Lirnit ko single line enabled

Emplovee Info Table

Employee Mame Pazsward ]

i] Joe dog

1 Barbara zkipper

2

3

4

5 ]

- | =
*Table *
Fow Headers Yisible

Colurnn Headers Wisible
Current Walues Made Default

1. Open a new VI and build the previous front panel. Modify the string
controls as described in the labels by right-clicking the control. The
Table control located on the Controls»List & Table palette is a
two-dimensional array of strings where the first cell is at element 0,0.

2. Enter the information shown in the previous front panel in the Table and
save those values as default by right-clicking the Table and selecting
Data Operations»Make Current Value Default from the shortcut
menu.
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Block Diagram

Extract the first column

fram the table Tl True M
Emplovee Info T able The name matches

[abc]l
Ihdex Array
[ndex Array i
) Eﬂf o ‘i Marme Confirmed
E_ = Auto-ndesxing

1

Enabled

=

Mot Or

.&rrag Sizel

..

o False b

Hame does not match

3. Open and build the previous block diagram using the following
components.

-t
ot
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Place a While Loop located on the Functions»Structures palette on
the block diagram. This structures the VI to continue checking for a
match until a name match occurs or there are no more rows in the
table. Notice that indexing is enabled on the names array but not on
the other two items entering the While Loop. Enable the indexing by
right-clicking the tunnel and selecting Enable Indexing from the
shortcut menu.

Place a Case structure located on the Functions»Structures palette
on the block diagram. If the Name input matches a listing in the first
column of the table, the Passwords are also checked. If the Name
does not match the current table entry, the loop continues to the next
iteration.

To create the Boolean constant in the False case, wait until the True
case is completely wired. Then select the False case and right-click
the green outlined tunnel and select Create»Constant from the
shortcut menu.

Place the Index Array function located on the Functions»Array
palette on the block diagram. This function is used to pull the names
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array out of the table. When you wire the table to the array input of
this function, two indices—rows and columns— appear. Right-click
the bottom index, columns, and select Create»Constant from the
shortcut menu. You will use two of these functions, so make a copy
of the Index Array function and place it into the True Case.

d. Place the Array Size function located on the Functions»Array
palette on the block diagram. This function returns the size of the
names array.

|> e. Place the Decrement function located on the Functions»Numeric
palette on the block diagram. This function decreases the number of
names in the array by one so that it can control the While Loop
which starts indexing at 0.

|> f. Place the Equal? function located on the Functions» Comparison
palette on the block diagram. You will use two of these functions to
check if the Name input matches a table entry and if the Password
also matches the table entry.

|> g. Place the Less Than? function located on the Functions»
Comparison palette on the block diagram. This function controls
the While Loop conditional. The loop continues to run while the
current iteration number is less than the number of rows in the table.

J¥>*  h. Place the Not Or function located on the Functions»Boolean palette
on the block diagram. This function also controls the conditional of
the While Loop so that the loop continues until a match is found or
there are no more rows in the table.

[l i, Place the Empty String constant located on the Functions»String
palette on the block diagram. You will use two of these functions,
one in the True case and one in the False case. If the names match
but not the passwords or if neither match, then an empty string is
returned in the Name Confirmed indicator.

% j. Place the Select function located on the Functions»Comparison
palette on the block diagram. This function is used along with the
password matching. If the password matches, the current name is
sent to the Name Confirmed indicator; otherwise, the Empty String
is sent.

4. Save this VI as Verify Information.vi.

5. Go to the front panel and make sure you have some names—the names
do not have to be the same ones used in the course manual—and
passwords in the table control. If you have not already done so,
right-click the table and select Data Operations»Make Current
Values Default so that the names and passwords are permanently stored
in the table.
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6. Enter values into the Name and Password controls and run the VI.

If the Name and Password match one of the rows in the table, the name
is returned in the Name Confirmed indicator and the Verified LED is
lit. Otherwise, an empty string is returned and the Verified LED is off.
Be sure to try various combinations of names and passwords to make
sure that this VI shows the correct behavior.

Create an icon for this VI because you will use this VI as a subVI in a
later exercise. To create the icon, right-click the icon in the top right
corner of either the front panel or the block diagram and select Edit Icon
from the menu. Design an icon similar to the one shown here.

Werify
Inf

W

Create the connector pane for this VI by right-clicking the icon in the
front panel and selecting Show Connector from the shortcut menu.
Select a pattern and connect the front panel objects to the terminals as
shown in the following connector pane.

M arme M ame Confirmed
Paszwiard Werified

9. Save the VI under the same name.

10. Stop and close this VI when you are finished.

End of Exercise 1-2
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E. VI Templates

In the last section, you learned about some of the common programming
architectures for VIs. So that you do not have to start building each new VI
from an empty front panel and block diagram, a number of templates are
included with the LabVIEW package. These VI templates can be found in
the LabVIEW 6\Templates directory and contain the file extension .vit.
LabVIEW provides some basic templates, however, not all of the VI
architectures described are available as templates.

You can save a VI you create as a template by using the File»Save with
Options option as shown in the following dialog box.

I+l Save with Dptions

Save Options for;

P Changed s
D:H o Parallel Loops Arch. vit

Selected Options

[ Development
Diiztribution

P B Application
e Distribution

i Custom Save

L Sawe for
5.0 Previous

C VAEEs Save I Cancel |

This option allows you to save VI architectures and other programming
structures you use often for your own templates. Now you will examine a
couple of the template VlIs.
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Exercise 1-3  Timed While Loop with Stop VIT,
State Machine VIT

Objective: To examine two of the template Vis that ship with LabVIEW.

You will examine template VIs that show both the State Machine
architecture and the General architecture.

Front Panel

1. Openthe Timed While Loop with Stop.vit from the LabVIEW
6\Templates directory. The front panel only contains the Stop button.

Block Diagram

2. Open and examine the block diagram.

3. You will recognize this VI as having the General VI architecture. It
contains a While Loop that stops when you click the button on the front
panel and a wait function in the loop ensures that this loop will not use
all the system resources.

4. Return to the front panel and run the VI. It does nothing but continues to
run until you click the Stop button.

Stop and close this VI when you are finished.

Open the State Machine.vit from the LabVIEW 6\Templates
directory. The front panel is empty.
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Block Diagram

"nitialize", D efault b

7. Open and examine the block diagram.

8. This State Machine VI architecture is implemented in a slightly different
manner as the one previously described. This VI uses a string constant
to contain the states for the Case structure whereas the previous VI
showed an enumerated type, similar to a ring control, to control the
states. Because the Case structure accepts both numeric and string data,
it does not matter how you specify the different states. The key to the
State Machine architecture is that you have a While Loop with a Case
structure inside where each case is a different state of the overall
application. The next state is determined while the VI is running based
upon what happens in the current state.

9. Close this VI when you are finished.

End of Exercise 1-3
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Summary, Tips, and Tricks

LabVIEW Basics Il Course Manual

In most cases, a top-down approach is used to plan the overall strategy
for a project. Development and implementation of an application usually
occurs from the bottom-up.

When designing a LabVIEW application, it is important to determine
the end-user’s expectation, exactly what the application must
accomplish, and what future modification might be necessary before
you invest a great deal of time developing subVIs. You should design a
flowchart to help you understand how the application should operate and
discuss this in detail with your customer.

After you design a flowchart, you can develop VIs to accomplish the
various steps in your flowchart. It is a good idea to modularize your
application into logical subtasks when possible. By working with small
modules, you can debug an application by testing each module
individually. This approach also makes it much easier to modify the
application in the future.

Error clusters are a powerful method of error handling used with nearly
all of the I/O VIs and functions in LabVIEW. These clusters pass error
information from one VI to the next.

An error handler at the end of the data flow can receive the error cluster
and display error information in a dialog box.

The most common VI architectures are the Simple, the General, the
Parallel Loops, the Multiple Case Structures, and the State Machine.
Each of these architectures has advantages and disadvantages depending
upon what you want your application to do.

The State Machine VI architecture is very useful for user interface VIs
and it generates clean, simple code.

Several template VIs ship with the LabVIEW package so you do not
need to start VI development from empty front panels and block
diagrams each time.

Refer to the LabVIEW Development Guidelines manual for more
information about designing and building VIs.
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Notes
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This lesson introduces how you can design and build the user interface to
your VIs. First, an overview and list of things to consider while building the
front panel. The next few sections describe some common methods and
tools for customizing panels. The last few sections describe additional items
and panel objects used for developing user interfaces.

You Will Learn:

About basic user interface issues.

How to use Boolean clusters as menus.
About Property Nodes.

About Graph and Chart Properties.
How to use Control References.

About LabVIEW Run-Time Menus.
About Intensity Plots.

ommo0w
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A. Basic User Interface Issues

When you develop applications that other people will use, you need to
follow some basic rules regarding the user interface. If the front panel
contains too many objects or has a distracting mixture of color and text, the
users might not use the VI properly or not receive important information
from the data. This section describes some topics to consider when you are
building front panels.

One rule to follow when building a user interface to a VI is to only show
items in the front panel that the user needs to see at that time. The example
following shows a subVI that prompts the user for a login name. It has error
clusters because it is a subV]I, but the user does not need to see those items
or the path name of the file.

k- Get Operator Hame._vi

Joe Smith

£ o

i ]
= |

|_
|—

The next example shows the same subV1I after the front panel has been
resized and the menu bar, scrollbars, and toolbar have been removed with
the VI Properties»Window Appearance»Dialog option.

LabVIEW Basics Il Course Manual
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This is the Pre-UUT Loop step

Please enter the operator's
name here:

Operator Mame

Joe Smith

Continue

Using Color
Proper use of color can improve the appearance and functionality of your
front panel. Using too many colors, however, can result in color clashes that
cause the front panels to look too busy and distracting. Here are some color
matching tips:

» Start with a gray scheme—select one or two shades of gray and highlight
colors that have good contrast with the background.

* Add highlight colors sparingly—on plots, abort buttons, and perhaps the
slider thumbs for important settings. Small objects need brighter colors
and more contrast than larger objects.

* Use spacing and alignment to group objects instead of matching colors.

* Good places to learn about color are stand-alone instrument panels,
maps, magazines, and nature.

Also, keep in mind that approximately twenty percent of engineers are
color-blind to some degree. They rely on contrast more than color when
differentiating items.

Spacing and Alignment
White space and alignment are probably the most important techniques for
grouping and separation. The more items that your eye can find on a line,
the more cohesive and clean the organization seems. When items are on a
line, the eye follows the line from left to right or top to bottom. This is
related to the script direction. Although some cultures might see items right
to left, almost all follow top to bottom.

Centered items are better than random, but much less orderly than either left
or right. A band of white space acts as a very strong means of alignment.
Centered items typically have ragged edges, and the order is not as easily
noticed.

Menus are left-justified and related shortcuts right-justified as shown in the
bottom left example of the LabVIEW File menu. It is more difficult to locate
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Text and Fonts

items in the center-justified menu as shown in the bottom right example.
Notice how the simple dividing lines between menu sections help you find
the items quickly and strengthen the relationship between the items in the
section.

Mew Clrl+h
Mew. .
Open... Ctrl+0
o Clibasf NewVl CilsN
038 8 Mew...

Open...  Cl+0
Save Ctl+5 Close  Chil+w
Save Az Cloze All
Save all Save Chls
Save with Options. .. Savehs..
Hevert Save All
= Save with Options....

Rewert...
Page Setup... Fage Setup...
Fririt... Prit...
Frint *%indow. .. Chrl+F Print Window...  Chl+P
Wl Properties...  Chrl+l
- Recently Opened Files k

Wl Properties. .. Clrl+l Edt  Cilsd
Recently Opened Files p
Exit Chil+0

Text is easier to read and information makes more sense when displayed in
an orderly way. To use this to your advantage when building front panels,
try grouping related controls together with white space or with lines. These
methods work best when they are subtle and do not distract from the
information.

Using too many font styles can make your front panel look busy and
disorganized. It is better to use two or three different sizes of the same font.
Serifs help people to recognize whole words from a distance. If you are
using more than one size of a font, make sure the sizes are quite different.
If not, it will look like a mistake. Similarly, if you use two different fonts,
make sure they are distinct.

Operator stations can catch lots of glare or users might need to read them
from a greater distance than normal computers or with a touch screen.
Therefore, you should use larger fonts and more contrast.

User Interface Tips and Tools

LabVIEW Basics Il Course Manual

It is not necessary or wise to spend time making every front panel look
polished—concentrate on the ones that users see the most. Some of the
built-in LabVIEW tools for making user-friendly front panels include dialog
controls, tab controls, decorations, menus, and automatic resizing of front
panel objects.

2-4 ni.com



Lesson 2 Designing Front Panels

Dialog Controls

A common user interface technique is to have dialog boxes appear at
appropriate times to interact with the user. You can make a VI behave like a
dialog box by checking that option in the File»VI Properties»Window
Appearance dialog box. The Controls»Dialog Controls palette contains
the same kinds of objects available in system dialog boxes.

You should use these dialog controls to build system-like dialogs. Dialog
controls change appearance according to the operating system and Window
Appearance settings and they typically ignore all color clicks except
transparent. If you are integrating a graph or non-dialog controls into the
front panel, try to make them match by hiding some borders or selecting
colors similar to the system.

Tab Controls

Physical instruments usually have good user interfaces. Borrow heavily
from them, but move to smaller or more efficient controls, such as rings,
or tab controls where this makes sense. Tab Controls are found in the
Controls»Dialog Controls palette or the Controls»Array & Cluster
palette and offer a convenient way to group front panel objects together.

FPage 1 ‘ Page 2 | Page 3 | Page1 Page?2 | Fage 3 |
String 2
Mo Boolean I

o0 & )

) Slide 2
Yy
LI ey e v S e P R R
o2 4 6 810

Tab Contral Tab Cantral

The way you use a Tab Control is to place it on the front panel as shown
previously. You add tabs by right-clicking an existing tab and selecting Add
Page After, Add Page Before, or Duplicate Page from the menu. You
relabel the tabs with the Labeling tool, and you place other front panel
objects into the appropriate pages. The terminals for these objects are
available in the block diagram as are terminals for any other front panel
object.
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The Tab Control wires directly to a Case structure as shown previously and

the page name shows up as the name of the case. You can then wire the data
to and from the other terminals as needed.

Decorations

One of the easiest and often overlooked methods of grouping or separating
objects is to use an item from the Controls»Decorations palette. You can
select to use various types of boxes, arrows, and lines from this palette as

follows:

s—HDecorations

_ r
[
S
S

You can find more decorations in the Controls»Classic Controls palette.

The following palette shows the various boxes, borders, lines, arrows,

circles, and triangles:
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Menus

Menus are a good way to present most of a front panel’s functionality in an
orderly way and in a relatively small space. This leaves room on the front

panel for actions that are needed in an emergency, items for beginners, items
needed for productivity, and items that do not fit well into menus. Also be

sure to add menu shortcut keys for the frequently accessed items. Later in

this lesson you will learn how to create your own menus in a VL.

Automatic Resizing of Front Panel Objects

As mentioned previously, you can use the VI Properties»Window
Appearance options to modify the appearance of the front panel when a VI
is running. With the VI Properties» Window Size options, you can set the
minimum size of a window, keep the window proportion with screen
changes, and set front panel objects to resize in two different modes. Most
professional applications do not enlarge each and every control when the
window changes size, but pick a table, graph, or list to enlarge with the
window, leaving other objects near the window’s edge. To resize one front
panel object with the front panel, select that object, and select Edit»Scale
Object With Panel.

The following exercise uses some of the techniques described to create a VI
with a user interfaces that is easy to use.

© National Instruments Corporation 2-7 LabVIEW Basics Il Course Manual
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Exercise 2-1 Scope Panel.vi

Objective: To logically arrange and separate front panel objects to make the user interface of
a Vl easier to read and use.

You will resize, reorganize, and rearrange the objects on the front panel to
make the user interface easier to use. You will also setup the graph to resize
along with the front panel.

Front Panel

Trigger
Level

e

"
.
T

Yolts/Div A
(J
)

Trigger %PDS
Slope NEG

Yolts/Div B

Timebase o L
Channel A i) [E Position B Trigger !
/ y Channel Position A
| g |

y
% ¥,

1. Open the Scope Panel VI from the c: \exercises\LV basics 2
directory. The front panel is shown previously.

2. Move the controls around as to logically group the controls that share
similarities (not all can relate to a group). For example the Channel A
ON/OFF button, Channel A Position knob, and Channel A Volts/Div
knob all operate on channel A and it makes sense to have them close to
one another. Two other example groups would be the three Channel B
controls and the three trigger controls.

@ Tip Remember to use the Align Objects and Distribute Objects features in the tool bar.

3. After making groups out of the controls, use the Raised Box decoration
on the Controls»Decorations palette to make visible separations

LabVIEW Basics Il Course Manual 2-8 ni.com
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between the groups. And resize your window so the front panel fits
inside the window, as shown in the following example.

Channel A Channel B
Volts/Div A Volts{Div B

Position A Position B
o )

Timebase | Channel L~ 2]

4 Trigger POS
F ~ Slope %NEE
Trigger |
Level J
e
@ Tip You need to use the Reorder button in the tool bar on the decorations to Move to

Back, so that the controls are visible and on top of the raised boxes.

4.

Select File»VI Properties to display the VI Properties dialog box.
Select Window Size from the top pull-down menu of the VI Properties
dialog box. In the Minimum Panel Size section, click the >>Set to
Current Window Size button to set your minimum screen size to the
current size of the window. Click OK to return to the front panel.

Select the graph on the front panel then select Edit»Scale Object With
Panel. LabVIEW resizes the graph when the entire window is resized
and moves the other objects.

Save the VI under the same name.

Resize the window. You notice that the graph does resize with the
window and the controls maintain a proportional distance to the graph
and each other but do not grow or shrink. However, you notice that
the decorations do not resize. In order to do this, you must use
Boolean buttons that look the same in each state and resize them
programmatically. This requires the use of Property Nodes and is
covered later in this lesson.

Close the VI when you are finished.

End of Exercise 2-1

© National Instruments Corporation
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Exercise 2-2

Objective:
techniques.

Acquire Data.vi
To modify a VI to use the Tab Control along with proper user-interface design

You will modify the Generate & Analyze VI so that it uses the tab control.
One page of the tab will be for the generation of data as before and a second
page will be for acquiring the data from a DAQ device.

5

Front Panel

Sirmulate ‘ DAg |
Sine Frequency  Sine Amplitude
500.0- 10-
400.0- B-
300.0- B~
200.0- 4-
100.0- 2=
0.0- . 0- .
Sampling Infa  Moise Amplitude
= 10-
1,00k
Hz
;J|2UD.DD P

ah

E|
il

&
STOF 5

eraging parameters

g E wponential
10

averaging mode
Mo averaging

weighting mode

number of averages

Note You will use this VI in the project in Lesson 5.

Tirne W aveform Plat 0
8.0-
E.0-
4. D—
20-
0.0-

Amplitude

H(] ';'.lwwﬂjﬂl;n\b

2DD.Dm

L'Hh u W | W

ED.Dm 1 DD.Dm

Time

'IED.Dm

Plot 0

P

2000 3000

Frequency

o EI 1EID.EI 5EIEI.EI

1. Open the Generate & Analyze VI you built in Exercise 1-1. Resize the
front panel to make room on the left of the other front panel objects as
you will be adding the tab control.

2. Place a Tab Control located on the Controls»Array & Cluster palette
on the front panel as shown previously. Select the Sine Frequency, Sine
Amplitude, Sampling Info, and Noise Amplitude controls and place
them into the first page of the Tab Control.

LabVIEW Basics Il Course Manual
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3. Name the two pages of the tab control Simulate and DAQ respectively.
Click the DAQ page and add the objects as follows:

© National Instruments Corporation

] i Plat O
Simulste DAD ‘ T|me\a\:a;efnlm m
l |'r|| |"| |ﬂ| I W) |
Chatinel
S = DD.E— | ||||
[='l
\#c-fP-:-int& qE | | | ‘ || H || ‘ |
})Izuu
Sampling Rate |
~ 1 | ] 1 1
100k 12.I5k 1E [k 0.0 B.0m 1TDiI.-nD;n 15.0m 20.0m
o
T ’—1?_5k Pawer Spectum Pt [
. i 05+
5.0k 20,0k
0.4-
averaging parameters ﬁ 0.3-
averaging mode E‘ 02
gNoaveraging S
weighting mode 01-
ﬁ E xponential o
rumber of averages o ! 1 ! | i 1
0.0 10000 20000 3000.0 40000 5000.0 E0OO0.D
STOP el
!‘m Frequency

Save this VI as Acquire Data.vi.

Right-click the DAQ Channel Name control and make sure the Allow

Undefined Names option is selected.

To change the scale on the knob to read 20 . 0k instead of 20, 000,
right-click the knob and select Format & Precision. Select
Engineering Notation and the k is added to represent one thousand.
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Block Diagram

P Sirnulate'", D efault b

] Time "W gwetormn
| |Fine W aveformn, vi
L= | ]

Menge Erors.vi EK.-’-\EIEI " aveforms. v FFT Power Spectrum.vﬂ =

f — imple Error
i N, [:t> % m Handler. vi

Noise Ampliude 2 Povar 1 Powser Spectrum

averaging
arameters

[Uniform 'White Moise ‘W aveform. v

Unbundle By Marme
ait LIntil Mext ms Multiple] o

a
=
"DAL" |
Channel
(L]
— ] A cquire W aveForm. vil
H of Paints et
OB

S ampling Rate

7. Open and modify the block diagram as shown previously using the
following components:

: a. Place a Case structure located on the Functions»Structures palette
on the block diagram. When used with the tab control—one case
handles the Simulate page and the other case is for the DAQ page.

Al b. Place the Al Acquire Waveform VI located on the Functions»Data
neE Acquisition»Analog Input palette on the block diagram. This VI
acquires data from an analog input channel on the DAQ device.

@ Note If you do not have a DAQ device or a DAQ Signal Accessory, use the Demo
Acquire Waveform VI located on the Functions»User Libraries»Basics 2 Course
palette on the block diagram in place of the AI Acquire Waveform VI. The Demo Acquire
Waveform VI simulates acquiring data from an analog input channel at a specified
sampling rate and returning the specified number of samples.
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c. Create a Cluster constant by right-clicking the Case structure tunnel
and selecting Create»Constant from the shortcut menu. This
constant passes the default values for the error cluster out of the
DAQ case.

Save the VI.

9. Observe how you have added quite a bit of new functionality to this VI
without adding a lot of extra code. Using the Tab Control is a very
efficient way to add new front panel objects to the user interface and also
add block diagram functionality without having to enlarge the front
panel and block diagram windows.

10. Run the V1. You can adjust the front panel controls to see the time and
frequency waveforms change. Click between the Simulated and DAQ
pages in the Tab Control.

11. Stop and close this VI when you are finished.

End of Exercise 2-2
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B. Using Boolean Clusters as Menus

LabVIEW Basics Il Course Manual

You can use latched Boolean buttons in a cluster to build a menu for an

application. For example, consider an application where an operator

configures a system and runs either of two tests. A possible menu VI for

this application is as follows.

Boolean Cluster

Configure | Test 1

Test 2

STOP

Cluster Order:

(0) Configure button
(1) Test 1 button

(2) Test 2 button

Cluster of labeled buttons (mechanical action -> latch when released)

The Cluster to Array function converts the Boolean cluster to a Boolean
array with three elements. That is, each button in the cluster represents an

element in the array. The Search 1D Array function on the Functions»
Array palette searches the 1D array of Boolean values created by the
Cluster to Array function for a value of TRUE. A TRUE value for any

element in the array indicates that you clicked on a button in the cluster. The
Search 1D Array function returns the index of the first TRUE value it finds
in the array. If you did not click a button, Search 1D Array returns an index

value of -1. If no buttons are pressed, Case -1 is executed, which does

nothing. Clicking the Configure button executes Case 0, which could, for
example, call the Configure subVI. Clicking the Test 1 button executes
Case 1, which could call the Test 1 subVI, and clicking the Test 2 button
executes Case 2. The While Loop repeatedly checks the state of the Boolean
cluster control until you click the Stop button. The VI block diagram is as

follows.

2-14
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-1, Default

@l Cluster To Array] [Search 10 Array|
(=== E] : Empty
A %
: =t Search 10 Amay
[T — returnz -1 if no
buttons are
preszed

ait Until Mext ms Multiple]

| Ei!\ﬁonhgure Call Test 1 subi Call Test 2 subh
Search 10 Array ] Search 10 Aray Search 10 Aray
returnz 0 if retuns TiF retuns 20
Configure Test 1 button iz Test 2 button iz
preszed pressed

button i pressed

You can convert a cluster to an array if all cluster components have the same
data type (for example, all are Boolean data types or all are numeric). With
this conversion, you can use array functions to process components within
the cluster.

The Cluster to Array function Functions»Cluster and Functions»Array
palettes converts a cluster of identically typed components to a 1D array of
the same data type.

cluster =TE], array

The following example shows a four-component Boolean cluster converted
to a four-element Boolean array. The index of each element in the array
corresponds to the logical order of the component in the cluster. For
example, Button 1 (component 0) corresponds to the first element (index 0)
in the array, Button 2 (component 1) to the second element (index 1),

and so on.
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O

boolean cluster

buttan 1 I

button 2

button 3

button 4

boolean aray

EJID—E
&)

@ boolean cluster]  [Eluster To Angy]  [boolean aray
Fan =11 [TF]

‘ 1 Front Panel

2 Cluster Panel

3 Block Diagram

The Array to Cluster function (Functions»Cluster and Functions»Array
palettes) converts a 1D array to a cluster in which each component in the
cluster is the same type as the array element.

5

array

ATET—11

[H1=] cluster

Note You must right-click the function icon to set the number of components in the

cluster. The default number of components in the output cluster is nine.

You can combine the concept of a state machine with a Boolean menu
cluster to provide a powerful system for menus. For example, perhaps you
need to provide the following application, which can be divided into a series

of states.
State Value | State Name Description Next State
—1, Default | No Event Monitor Boolean Depends on the
menu to determine | Boolean button
the next state pressed. If no button
is pressed, next state
is No Event.
0 Login Log in user No Event (0)
1 Configure Configure Acquire (2)
acquisition
2 Acquire Acquire data No Event (0)
LabVIEW Basics Il Course Manual 2-16 ni.com
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The following is an example of a state machine for this application.

beru Cluzter

Login

Configure Data Acquisition

Acquire Data STOP

fa -1, Default b

Check for preszed buttons

Menu Cluster| [Eluster Tao Aray] [Gearch 10 Aray
Fal EE[] e
P

The front panel consists of a Boolean button cluster, with each button
triggering a state in the state machine. In state —1 (the No Event state), the
Boolean button cluster is checked to see if a button has been pressed. The
Search 1D Array function returns the index of the button pressed (or —1 if
no button is pressed) to determine the next state to execute. That state value
is loaded into the shift register, so that on the next iteration of the while loop
the selected state will execute.

In each of the other states, the shift register is loaded with the next state to
execute using a numeric constant. Normally this is state —1, so that the
Boolean menu will be checked again, but in state 1 (Configure) the
subsequent state is state 2 (Acquire).
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Exercise 2-3 Menu.vi

Objective:

To build the menu system for the sample application.

A set of dependencies exist between the different operations of the
application to be built in this course. Under most circumstances, after
performing a certain action, the application should return to a “No Event”
state, in which the application should monitor a menu to see which button
should be pressed.

The dependencies of the application can be described as a simple state
machine, where each numeric state leads to another subsequent state. The
following table summarizes this series of dependencies.

State Value | State Name Description Next State
—1, Default | No Event Monitor Boolean Depends on the
menu to determine | Boolean button
the next state pressed. If no button
is pressed, next state
is No Event.
0 Login Log in user No Event
1 Acquire Acquire data No Event
2 Analyze Analyze data, No Event
possibly save to file
3 View View saved data No Event
files
4 Stop Stop VI No Event

In this exercise, you will build the state machine to be used in this
application and observe its operation.

5

LabVIEW Basics Il Course Manual

Note You will use this VI in Lesson 5.
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Front Panel

menu cluster

Login

Configure Data Acquisition

Acguire Data

Analyze & Prezent Data

Vieve Analyzis File

*cluster*

Autosizing selected

*Labeled Sguare Buttons*

Mechanical Action: Latch When Releazed

*Rectangular Stop Buttorn®

1. Openanew VI

2. Build the front panel according to the previous example. Each button in
the cluster will trigger an appropriate state when it is pressed. When
building the front panel, make sure that the Login button is at cluster
order 0. Acquire Data is cluster order 1, Analyze & Present Data is
cluster order 2, View Analysis File is cluster order 3, and Stop is cluster
order 4. The cluster order of the menu cluster will determine the numeric
state which will be executed.

Hints:

* Create the button with the largest label first.

* Set the mechanical action to Latch When Released.
* Use Copy and Paste to create the other buttons.

* Use Align and Distribute to arrange the buttons.
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Block Diagram

State Machine

-1 Mo Event -1, Default pf~

0 Lagin Check ta see if a button in the

1 Aecquire Data cluster iz preszed, to determine

2 Analyze & Present the next state to execute.

3 Wiew File

— Menu Cluster Search 10 Ana
[iitial State: 1 [N Even] = .

ait Lntil Mest mz kultiple

Stop the ¥l

[Mext State:-1 [Ma Event]

1. Build the block diagram as shown previously.

a. Place a While Loop located on the Functions»Structures palette on
the block diagram. This structures the VI to continue to generate and
analyze data until the user presses the Stop button. Create the shift
register by right-clicking the left or right side border of the loop and
selecting Add Shift Register from the shortcut menu.
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b. Place a Case structure located on the Functions»Structures palette
on the block diagram. This structure makes the states for the state
machine. Add cases by right-clicking the border of the Case
structure. Be sure to define the —1 case as being the default.

c. Place the Wait Until Next ms Multiple function located on the
Functions»Time & Dialog palette on the block diagram. This
function causes the While Loop to execute ten times a second.
Create the constant by right-clicking the input terminal and selecting
Create»Constant.

d. .Place the Cluster To Array function located on the
Functions»Cluster or Functions»Array palette on the block
diagram. In this exercise, this function converts the cluster of
Boolean buttons into an array of Boolean data types. The Boolean
object at cluster order O becomes the Boolean element at array
index 0, cluster order 1 becomes array index 1, and so on.

e. Place the Search 1D Array function located on the
Functions»Array palette on the block diagram. In this exercise, this
function searches the Boolean array that Cluster to Array returns
for a TRUE value. A TRUE value for any element indicates that you
clicked on the corresponding button. The function returns a value of
—1 if you did not click a button.

f. Place the One Button Dialog function located on the
Functions»Time & Dialog palette on the block diagram. You will
use four of these functions to indicate which state has been selected
and loaded into the shift register.

Save the VI as Menu.vi.

Run the VI. When you click the Login, Acquire Data, Analyze &
Present Data, or Data File View buttons, a dialog box appears to
indicate that you are in the associated state.

Using the Single-Step and Execution Highlighting features, observe
how the VI executes. Notice that until you click a button, the Search 1D
Array function returns a value of —1, which causes the While Loop to
continuously execute state —1. Once a button is pressed, however, the
index of the Boolean data types is used to determine the next state to
execute. Notice how the states of the VI correspond to the states in the
table at the top of the exercise.

In later exercises, you will substitute VIs that you create for the
One Button Dialog functions to build the application.

Click the Stop button on the VI’s front panel to halt execution.
Close the VI when you are finished.

End of Exercise 2-3

© National Instruments Corporation
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Exercise 2-4 Cluster Conversion Example VI (Optional)
Objective: To examine a VI that uses clusters to process data.

You will examine a VI that uses clusters to process data. The VI features a
cluster containing four labeled buttons. The VI keeps track of the number of
times you click each button.

Front Panel

—

1. Open the Cluster Conversion Example VI in the c: \exercises\LV
Basics 2 directory.
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Block Diagram

Cluster

fant . T &
conan Dizplay Cluster w
=0 |
Emn [Cluster to Anay] Fieplace Aray Subset]
L
4= T ey
H - fray bo Cluster
dd 1 Cluster
T [Cluster bo Arra
=B}
¥ ?_. Lse the index of the buttan to extract
f.r D> the coresponding element from the

numeric clugter, add 1, and replace
the element in the aray.

Search 10 Array)

Check if user clicks on a button,

m 100 il

False case is empty except for passing the cluster from the left shift register
to the right shift register.

1. Open and examine the block diagram.

2. Run the VI. Click a button. The corresponding digital indicator should
increment each time you click a button.

3. Close the VI. Do not save any changes.

End of Exercise 2-4

© National Instruments Corporation 2-23 LabVIEW Basics Il Course Manual



Lesson 2 Designing Front Panels

C. Property No

des

In some applications, you might want to programmatically modify the
appearance of front panel objects in response to certain inputs. For example,
if a user enters an invalid password, you might want to cause a red LED to
start blinking. Another example would be changing the color of a trace on a
chart. When data points are above a certain threshold, you might want to
show a red trace instead of a green one. Resizing front panel objects, hiding
parts of the front panel, and adding cursors to graphs also can be done
programmatically using Property Nodes.

Property Nodes in LabVIEW are very powerful and have many uses. This
course only covers one use for Property Nodes to change the appearance and
functional characteristics of front panel objects programmatically. You can
set properties such as display colors, visibility, position, size, blinking,
menu strings, graph or chart scales, graph cursors, and many more. Refer to
the Help»Contents and Index in LabVIEW for more information about the
Property Node.

Creating Property Nodes

You create Property Nodes by selecting the Create»Property Node option
from the shortcut menu of a front panel object or from its terminal on the
block diagram. Selecting Create»Property Node creates a new node on the
block diagram near the terminal for the object. If the object has an owned
label, the Property Node has the same label. You can change the label after
creating the node. You can create any number of Property Nodes for a front
panel object.

Because there are many different properties for front panel objects, we will
cover only some of the common properties. Select Help»Contents & Index
to find information about a particular property.

Using Property Nodes

LabVIEW Basics Il Course Manual

When you create a Property Node, it initially has one terminal representing
a property you can modify for the corresponding front panel object. Using
this terminal on the Property Node, you can either set (write) the property or
read the current state of that property.

For example, if you create a Property Node for a digital control, it appears
on the block diagram with the Visible property showing in its terminal. A
small arrow appears on the right side of that terminal, indicating that you can
read a value from the Visible property for the digital control. You can change
it to a write property by right-clicking the node and selecting Change To
Write from the shortcut menu. Wiring a Boolean FALSE to that terminal
will cause the digital control to vanish from the front panel when the
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Property Node receives the data. Wiring a TRUE causes the control to
reappear.

Mumeric| M urneric|

-1*izibleg

You can read the current state of a property by right-clicking the Property
Node terminal and selecting Change To Read. When the Property Node is
called, it will output a Boolean TRUE if the control is visible or a Boolean
FALSE if it is invisible.

From the terminal on the Property Node, you can select properties by
clicking the node with the Operating tool, shown at left, and selecting the

Optera“"g desired property from the shortcut menu.
ool
You can read or set more than one property with the same node by enlarging
% the Property Node. Using the Positioning tool, shown at left, click the lower
Positioning corner of the Property Node and drag the corner down to enlarge the node.
tool

As you enlarge the node, you add more terminals. You can then associate
each Property Node terminal with a property from its shortcut menu.

Mumneric] - MHumeric

:{fisiblz —p |'!ifisibl!;: —p '!? Yizible i
1 i + Dizabled
i ! 'WeyFocus
! ! * Blinking
H ! Caption ¥
oA Label v

Some properties are clusters. These clusters contain several properties
that you can unbundle using the Unbundle function located on the
Functions»Cluster palette. Writing to these properties requires the Bundle
function, as follows:

M urneric | nbundle By M i |
T = !! Ln EQH e By Name| %”D Fozition: Left
Pasition o Left¥ asz]|

Top "—|_F'|:|siti|:|n:T|:||:u
Feading Bundled Froperies

Eundle @ Numeriu:l

=== P iticiry e HLeft

Pasition:Top| f+Top

r

Witing Bundled Froperies
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To access bundled properties, select the All Elements option from the
property’s shortcut menu. For example, you can access all the elements in
the Position property by selecting Position»All Elements or you can access
a single element from that bundle.

Property Node Execution Order
Property Node terminals execute from the top down. For example, in the
waveform graph Property Node as follows, the graph is first made visible.
Then Plot 0 is set as the active plot, its color set to red, and the name of the
plot in the legend is updated. Finally, Plot 1 is set as the active plot, its color
set to green, and the name of the plot in the legend is changed.

zible

Red Color Box| (| 1F Vielle Execution
+ o ActPlot

Plot Wame 0 E_ * Flat Calar Order

: *Plot. M anne

(Green Color Box ' ActPlot

| | * Plot. Calar

Flot Hame 1 *Plot.MName

\ 4

Using the Context Help Window
Use the LabVIEW Context Help window and the Help»Contents and
Index to find descriptions, data types, and acceptable values for Property
Nodes. With the Context Help window active, pass the cursor over terminals
in the Property Node to display information. The following example shows
help for both a single property and a cluster of several properties.

Property: Disabled
Dizabled (unzigned byte]

St[inﬁ / Can control be operated?

T7 D— 0-Enabled, 1-Dizabled,
Dizabled v 2Dizabled & Grayed Out,

Text Selection!
\ Property: Selection
Tent. Selection [cluster of 2 elements)

Selection Start [unzigned lonal
Selection End [unzioned long)

Text zelection specified in terms of
character positions for the beginning and
end of selection [both inclusive)].
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Common Properties

There are many properties available for the various front panel objects in
LabVIEW. This section describes the Visible, Disable, Key Focus, Blink,
Position, Bounds, and Value properties, which are common to all front panel
objects. It also introduces some Property Nodes for specific kinds of
controls and indicators.

Visible Property

www  The Visible property, shown at left, sets or reads the visibility of a front
"Visiblel  panel object. The associated object is visible when TRUE, hidden when
FALSE.

Wiring Example—Set the digital control to an invisible state. A Boolean
TRUE value makes the control visible, as shown.

Block Diagram Front Panel

Yizible = TRUE
digital contral -
T W —p digital control

il # b [+isible g 0.00

izible = FALSE
digital control

] —>
-|¥izible

Disabled Property

m===1m [he Disabled property, shown at left, sets or reads the user access status

'Disabled]  of an object. A value of 0 enables an object so that the user can operate it.
A value of 1 disables the object, preventing operation. A value of 2 disables
and greys out the object.

Wiring Example—Disable user access to the digital control. The control
does not change appearance when disabled.

digital control digital contral

" B —>
*Disabled (i
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Key Focus Property

'Ke_l,lFu:u:u;

Blinking Propert

Blinking

Value Property

LabVIEW Basics Il Course Manual

Wiring Example—Disable user access to the digital control and grey it out.

digital control
0 7

*Disabled

The Key Focus property, shown at left, sets or reads the key focus of a front
panel object. When TRUE, the cursor is active in the associated object. On
most controls, you can enter values into the control by typing them with the
keyboard. You also can set the key focus on the front panel by pressing the
<Tab> key while in run mode or by pressing the hot key associated with the
control (assigned using the Key Navigation option).

Wiring Example—Make the digital control the key focus. You can then enter
a new value in the control without selecting it with the cursor.

digital contral digital control

T 0 —> El
il ¢ |-t F eyFocus

The Blinking property, shown at left, reads or sets the blink status of an
object. By setting this property to TRUE, an object will begin to blink. You
can set the blink rate and colors by selecting Tools»Options and selecting
Front Panel and Colors from the top pull-down menu. When this property is
set to FALSE, the object stops blinking.

Wiring Example—Enable blinking for the digital control.

digital contral digital control| digital control|
7} Blinking +0.00 Elo.00 |
‘ 1 Block Diagram 2 Front Panel: Normal 3 Front Panel: Blinking ‘

The Value property, shown at left, reads or sets the current value of an object.
When you set the Value property to write, it writes the wired value to object
whether it is a control or indicator. When you set the Value property to read,
it reads the current value in either a control or indicator. The example
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following shows a value of pi written to a numeric control and the value

inside one string being written to another string.

I umeric
7

—» ‘;J|3_14

S briry -
Ty |String Ot
EEX —>

Humeric

String Ot
LabWIEW

Froperty Modes

Position Property

"PI:ISitil:l;l

*Left
*Taop

The Position property, shown at left, sets or reads the position of an object’s
upper left corner on the front panel. The position is determined in units of
EXRY pixels relative to the upper left corner of the front panel. This property
consists of a cluster of two unsigned long integers. The first item in the
cluster (Left) is the location of the left edge of the control relative to the left

edge of the front panel, and the second item in the cluster (Top) is the
location of the top edge of the control relative to the top edge of the front

panel.

Wiring Example—Make the digital control change its location on the front

panel.

I Lrneric

=l P azition >

File Edit Operate Toolz Browse Wi ﬁ
[ [@] @[] [ 130t Application

. MHurmneric ;I
\;)Iu.uu
Kl s

File Edit Operate Toolz Browse Wi
||_{)|{§}| @@ | 13pt Application || g

-
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M umeric
'-i:'osmon >
\ MHumeric
)lu oo
4] | o[
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Bounds Property

Enunds“'

width »
Height *

Numeric Property:

'Fmt&F‘re;

H H
* Format
*Precizion
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The Bounds property, shown at left, reads the boundary of an object on the
front panel in units of pixels. The value includes the control and all of its
parts, including the label, legend, scale, and so on. This property consists of
a cluster of two unsigned long integers. The first item in the cluster (Width)
is the width of object in pixels, and the second item in the cluster (Height)
is the height of the object in pixels. This is a read-only property. It does not
resize a control or indicator on the front panel. Some objects have other
properties for resizing, such as the Plot Area Size property for graphs and
charts.

Wiring Example—Determine the bounds of the digital control.

digital contral idth

] o ]

E ounids . - Height
nght—L

Format and Precision

The Format and Precision property, shown at left, sets or reads the format
(type of notation) and precision (number of digits displayed after the
decimal point) of numeric front panel objects. The input is a cluster of
two unsigned byte integers. The first element sets the format and the second
sets the precision. The Format property can be one of the following integer
values:

0 — Decimal Notation

1 — Scientific Notation

2 — Engineering Notation
3 — Binary Notation

4 — Octal Notation

5 — Hexadecimal Notation
6 — Relative Time Notation

Wiring Example—Set the format of the digital control to scientific notation
and the precision to 4.

F arma M Lirneic
Precigion

- - Murmeric
*FritPrec P> 3141EE+D
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Boolean Property: Strings [4]

memww  Lhe Strings [4] property, shown at left, sets or reads the labels on a Boolean
rstings[4]  control. The input is an array of four strings that correspond to the False,
True, True Tracking, and False Tracking states.

True and False: On and Off states of the Boolean object.

True and False Tracking: Temporary transition levels between the
Boolean states. True Tracking is the transition state when the Boolean object
is changed from True to False. The tracking applies only to Boolean objects
with Switch When Released and Latch When Released mechanical
actions. These mechanical actions have a transitional state until you release
the mouse. The text strings True Tracking and False Tracking are
displayed during the transitional state.

Wiring Example—Set the display strings for the Switch control to the string
choices Stop, Run, Stop? and Run?

E oolean| Falze state  True state
'HSE[:] Boolean Boolsan
STOP Run
True tracking ~ False tracking
Boolean Boolean
String Property: Display Style
T 17 The Display Style property, shown at left, sets or reads the display for a
'DispStyle string control or indicator. An unsigned long integer determines the display

mode.
0 — Normal Display
1 — ‘\’ Codes Display
2 — Password Display
3 — Hex Display
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Wiring Example—Show the text in the string control in the three other

% Codes Display
Stiing

'DispSter|

Password Display

Striné

String

[Tz s 17] Thehzquick wshrown'sfoxiau

mpshsoversthehslazyhadog.

String

'Di$|:l5l_l,l|e| ——P

Hex Display
Strinﬁ

String
5468 B520 7175 6963 BB20

\Dispatyle —»  |6272 6F77 BE20 BG6F 7820

EAYS BDY0 7320 BF7E 6572
2074 RARR 2NAC R 74 7320
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Exercise 2-5 Property Node Exercise.vi

Objective: To build a VI that uses Property Nodes to manipulate common characteristics of
panel objects.

You will build a VI that programmatically changes the position, disabled,
and color properties of front panel objects.

Front Panel

1.
Block Diagram
T ank. Horizontal Position
L2 o
T ark. Wertical Position - —
L 2] Tank Yertical Posil
£E !?an e!r?n:a osition)
*Dizabled
g&alect £ 2 ) |Tank Horizontal Fogition
SRR - 17—
Er' — *Dizabled
[T,
*Dizabled
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T ank

» FilColar

* Pozitian

*Dizabled
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Open and build the block diagram shown previously using the following
components:

a.

Place the While Loop located on the Functions»Structures palette
on the block diagram. This structures the VI to continue running
until the user presses the Stop button. Right-click the Conditional
terminal and select Stop If True.

Place the Wait Until Next ms Multiple function located on the
Functions»Time & Dialog palette on the block diagram. This
function causes the While Loop to execute once a second. Create
the constant by right-clicking the input terminal and selecting
Create»Constant.

Place the Random Number (0-1) function located on the
Functions»Numeric palette on the block diagram. Creates a
random number between zero and one.

Place the Multiply function located on the Functions»Numeric
palette on the block diagram. Multiplies two numbers together and
is used here to scale the random number to be between zero and 10.

Place the Greater? function located on the Functions» Comparison
palette on the block diagram. Compares two values, in this case the
random value and the limit value, and returns a True if the random
value is greater than the limit. Otherwise it returns a False.

Place the Select function located on the Functions»Comparison
palette on the block diagram. You will use two of these functions.
This function takes a Boolean input and outputs the top value if the
Boolean object is True and the bottom value if the Boolean object is
False.

Place the Color Box Constant located on the Functions»Numeric»
Additional Numeric Constants palette on the block diagram. This
constant is used to color the panel objects through their Property
Node. You will need two of these constants. Use the operating tool
to select the color and make one red and the other blue.

Create the Tank Property Node on the block diagram. To create this
node, right-click the Tank terminal and select Create»Property
Node from the shortcut menu. Resize this node by dragging the
corner with the positioning tool to show three terminals. Select the
properties shown by right-clicking each terminal and selecting the
item from the Properties menu. Right-click this node and select
Change All To Write from the menu.

Place the Bundle function located on the Functions»Cluster palette
on the block diagram. This function clusters together the left and top
positions into the Position property for the tank.
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Create the Boolean Property Node on the block diagram. To create
this node, right-click the Boolean terminal and select Create»
Property Node from the shortcut menu. Select the Disabled
property shown by right-clicking the terminal and selecting it from
the Properties menu. Right-click this node and select Change To
Write from the shortcut menu.

Create the String Property Node on the block diagram. To create this
node, right-click the String terminal and select Create»Property
Node from the shortcut menu. Select the Disabled property shown
by right-clicking the terminal and selecting it from the Properties
menu. Right-click this node and select Change To Write from the
menu.

Create the Limit Property Node on the block diagram. To create this
node, right-click the Limit terminal and select Create»Property
Node from the shortcut menu. Select the Disabled property shown
by right-clicking the terminal and selecting it from the Properties
menu. Right-click this node and select Change To Write from the
menu.

Create the Tank Vertical Position Property Node on the block
diagram. To create this node, right-click the Tank Vertical Position
terminal and select Create»Property Node from the shortcut menu.
Select the Disabled property shown by right-clicking the terminal
and selecting it from the Properties menu. Right-click this node and
select Change To Write from the menu.

Create the Tank Horizontal Position Property Node on the block
diagram. To create this node, right-click the Tank Horizontal
Position terminal and select Create»Property Node from the
shortcut menu. Select the Disabled property shown by right-clicking
the terminal and selecting it from the Properties menu. Right-click
this node and select Change To Write from the menu.

Save this VI as Property Node Exercise.vi.

4. Return to the front panel and run the VI. Several things should be
happening.

5. First, as new random numbers are generated and written to the tank, the
fill color is red if the random value is greater than the Limit value and
the color is blue if the random value is less than the Limit.

6. The two sliders change the position of the tank on the panel. Move these
values and see how the tank moves.

© National Instruments Corporation
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7. The Disable switch controls whether you can change the values. Flip the
Disable switch to True and all the panel objects except the Disable

switch and the Stop button are grayed out and you cannot change their
values.

8. Stop and close this VI when you are finished.

End of Exercise 2-5
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D. Graph and Chart Properties

Property Nodes greatly enhance the programmatic flexibility of graphs and
charts. You can control most graph and chart features with Property Nodes.
Some of these properties are plot color, X and Y scale information, visibility
of the legends and palette, size of the plotting area, and cursors.

“Waveform Graph Plot 0 m

FlotLegend

Amplitude

Graph Palette

1.0~
IZI.ID1IZIIZII.IZIm : SUDI.Um : EIZIUI.IZIm I ?UDI.Dm I SDDI.DmLID
Tine B2 |
T — alaidl e e i |

P [ foa fong oo |

\ Scale Legend Cursor Legend

You have many scale options for graphs and charts. With Property Nodes,
you can set or read scale information for the X and Y scales. For each axis,
the VI can read or set the minimum, maximum, and increment values.

You also can use Property Nodes to programmatically read or set the plot
and background colors, and the X and Y grid colors. You can use this
capability to set plot or background colors depending on program conditions
such as out-of-range or error values.

To change the size of a graph or chart, use the Plot Area»Size property.
Thus, if you want to have a particular plot appear in a small window during
part of your application, but appear larger later, you can use this property in
conjunction with other properties that change the size of a VI’s panel.

Using Property Nodes, you have access to the information that cursors
provide on graphs. You use cursors to move a graphic selector on the plot.
A cursor can be locked to the plot or can float on the plotting surface. Values
from each cursor are returned to an optional display on the front panel.
Property Nodes present a means to programmatically set or read cursor
position on the graph, allowing user input from cursors in the VI.
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X (or Y) Range Property

v#5zale. Fange

The X (or Y) Range Property, shown at left, sets or reads the range and
increment for the graph axis. The property accepts a cluster of five numeric
values, depending on the data type of the graph or chart: X axis minimum
value, X axis maximum value, major and minor increments between the

X axis markers, and the start value of the scale. To create this property, select
X Scale»Range»All Elements from the property list. If there is not enough
space to display all the increment values you have specified, LabVIEW will
select an alternate increment value.

Wiring Example—Set the X axis range to 0 to 50 with major axis increments
of 10, minor increments of 1, and a start value of zero.

Whaveform Graph Plat 0 m
0.00 fwiavefom Graph] 1.0-
||Ma:-:imum| T D 1

50,00 m"'XScaIe.Hange 5=

Increment — o

10.00 % f0-

b inar I E

1.00 05—

Start

0.00 G

00 100 200 300 400 500
Time

Active Plot and Plot Color Properties

v ActPlot

*Plat. Caolor

The properties shown at left set or read the active plot (the trace for which
subsequent trace-specific properties are set or read) and the plot color for the
active plot. Active Plot is an integer corresponding to the desired plot and
Plot Color is an integer representing a color. The Plot Color property is
accessed by selecting Plot»Plot Color from the property list.

Wiring Example—Set the color of the active plot using a Color Box
Constant (set to Red in this example). When selecting the active plot, the
Active Plot terminal must precede (appear previous) the Plot Color terminal.

iactive Plot

17— 17
v ActPlot
*Plat. Colar

Active Cursor, Cursor Position, and Cursor Index Properties

F ActCrar

*Curzor. Posihion

* Cursar. |ndes

LabVIEW Basics Il Course Manual

The properties shown at left set or read the active cursor, the position of that
cursor on the graph, and the index (X axis position) in the plot where the
cursor resides. The Active Cursor property accepts an integer corresponding
to the desired cursor when there is more than one cursor on the graph.
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Cursor Position consists of a cluster of two floating-point numbers
representing the X and Y positions on the plot. To create the Cursor Position
property, select Cursor»Cursor Position»All Elements. Cursor Index
accepts an integer corresponding to an element in the array (plot). To access
the Cursor Index property, select Cursor»Cursor Index.

Wiring Example—Place a cursor at position (55.5, 34.8). When selecting
the cursor, the Active Cursor terminal must precede the Cursor Position
terminal. Because the node executes from top to bottom, you can set another
cursor’s location by adding another set of Active Cursor and Cursor Position
properties to this node.

Wctive Cursor aveform Graph|

Tusz] [17 ——7]
L aciCrm

mEm *Curzor. Pozition

Plot Area»Size Property

*PlotireaSize

To read or change the size of a graph or chart, send new Width and Height
values to the Plot Area Size property. The Width and Height are in units of
screen pixels.

Wiring Example—Resize a graph to increase its width and height by
25 percent.

avelorm Graph i aveform Graph]
1 Ha . 17—
el PO 225 2
1.25
Before Execution After Execution
W aveform Graph Wwavefarm Graph

1.0~ 1.0-

y 05 .
= iy

= E 0.0-
< 05- =
=TI

=
[&]
|

1.0+ i i ] ] i
00 100 200 300 400 BOO
Tirne

-1.0-1
0.0

100 200 300 400 500
Time
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Exercise 2-6 Temperature Limit.vi

Objective: To create a VI that uses Property Nodes to clear a waveform chart and notify the user
if the data exceed a limit.

You will finish building a VI that uses Property Nodes to perform the

following tasks:

Front Panel

1.

LabVIEW Basics Il Course Manual

Set the delta X value of the chart to the sample rate in seconds.

Clear the waveform chart so it initially contains no data.

Change the color of a plot if the data exceed a certain value.

Make an alarm indicator blink if the data exceed a certain value.

Temperature

5.0~ e
24.0 300 400

50.0

0.0

A

[rata
High Lirnit

Date and Time

Dut of Bange '

Open the Temperature Limit VI in the c¢: \exercises\LV Basics 2
directory. The front panel and a portion of the block diagram are already

built for you.
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Modify the VI so that it sets the delta X value to the sample rate and
clears the Temperature chart before starting. While the VI acquires data,
it should turn the “High Limit” line red when the temperature exceeds
the limit value, and the Out of Range LED should blink.

a. In the Sequence structure, create a Property Node for the
Temperature chart that has two terminals. One terminal should be
the multiplier property, X Scale»Offset and Multiplier»Multiplier,
and the other terminal should be the History Data property. To clear
a waveform chart from the block diagram, send an empty array of
data to the History Data property. To do this, right-click the property
and select Create»Constant. Make sure that the array constant is
empty.

b. In the Case structure inside the While Loop, create a Property Node
for the Temperature chart that has two terminals. The top terminal
should be the Active Plot property, and the bottom terminal should
be the Plot Color property, Plot»Plot Color. You will need these
properties in both cases of the Case structure. The High Limit plot is
plot 1, so set the Active Plot property to one before setting the Plot
Color property. If the data are greater than the High Limit, set the
plot color to red. Otherwise, it should be yellow. Use a Color Box
constant to send the color value to this property.

c. Right-click the Out of Range indicator to create the Blink Property
Node. The indicator should blink when the temperature is greater
than the High Limit.
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2. Save the VI under the same name.

3. Run the VI to confirm that it behaves correctly. Save and close the VI.

End of Exercise 2-6
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Analyze & Present Data.vi

Objective: To use Property Nodes with graph cursors.

You will create a VI in which you use graph cursors to select a subset of data
for analysis. In a later exercise, you will build a subVI that saves the results
to disk. You will also use the Value property to initialize an indicator.

E Note You will use this VI in the project in Lesson 5.

Front Panel

© National Instruments Corporation

Data Analyziz Besult:

Wwavetorm Subset

t0 Y %0

| 05:00:00 PM 009
% 12431/03 EET
E dtn 000100 =
o : 4.08
{I -

Ma. of Paints in Subset |1 i}
DCValuefo27 |
o . RMS Value 217
Time [5] Frequency |45E|.55

|Cuwsord 000 joog /=S 6 ® Ampliude |2 37
Jowsot oo o celmEedd Phess gl 10|
Analyze Selected Subset Log Results to File Return

Open the Analyze & Present Data VI in the c: \exercises\LV
Basics 2 directory. The front panel for this V1is already built. You will
complete the block diagram.

You will use the two cursors shown to select a subset of data to analyze.
A cursor can move freely or be locked to the plot. You control this action
using the Lock Control button at the far right side of the cursor display.

Movement locked to the plot points.
Movement unrestricted in the plot window.

In this exercise, use cursors that are locked to the plot. Use Property
Nodes to initially set the cursor indices to the beginning and end of the
array of data when the VI starts. When the user clicks the Analyze
Selected Subset button, read the location of each cursor and use this
information to find the DC, RMS, frequency, amplitude, and phase
values of the subset of data.
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Block Diagram
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Complete the block diagram shown previously.

To create the Property Nodes, right-click the Data and Analysis Results
terminals and select Create»Property Node from the shortcut menu.
Use the Positioning tool to resize the Property Node so it has enough
terminals. You can then select the property by right-clicking the newly
created node and selecting the property from the Properties menu. The
Cursor Index property is found in Cursor»Cursor Index.

Place the Array Subset function located on the Functions»Array
palette on the block diagram. In this exercise, this function extracts the
set of data points to analyze.

Place the Max & Min function located on the Functions»Comparison
palette on the block diagram. In this exercise, this function determines
the first and last index for finding the subset of data to analyze.
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Place the Basic Averaged DC-RMS VI located on the Functions»
Analyze»Waveform Measurements palette on the block diagram. This
VI takes the input waveform and calculates the DC and RMS values.

Place the Extract Single Tone Information VI located on the
Functions»Analyze» Waveform Measurements palette on the block
diagram. This VI takes the input waveform, calculates the frequency
response, and returns the single tone with highest amplitude. LabVIEW
returns the amplitude, frequency, and phase values of that single tone.

Save the VI under the same name.

Run the VI. Move the cursors along the graph to select a subset of data
to analyze, and then click the Analyze Selected Subset button. The
results appear in the Analysis Results cluster. When you have finished,
click the Return button.

Close the VI when you are finished.

End of Exercise 2-7

© National Instruments Corporation
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E. Control References

In the previous two sections you used Property Nodes to programmatically
change the characteristics of panel objects. If you are building a large VI that
contains many Property Nodes or if you are using the same property for
many different controls and indicators, you might want to consider placing
the Property Node in a subVI and using Control References to access that
node. A Control Reference is a refnum to a specific control. This section
shows only one way to use these versatile objects. Refer to the LabVIEW
manuals for more information about control references.

Creating Control References

Using Control Refe

LabVIEW Basics Il Course Manual

You create a control reference for a panel object by right-clicking either on
the panel object or on the terminal for that object and selecting
Create»Reference from the shortcut menu.

You then wire this Control Reference to a subVI that contains the Property
Nodes. However, the subVI must contain a terminal that is a Control
Refnum. You create the Control Refnum by selecting Controls»Refnum
as follows.

rences

The following subVI block diagram shows how you can use a control
reference to set many of the properties for a panel object.

CH Refnum
isiblel Property Mode|
Disahled 5 » Visible i
# Disabled
'KE_I,IFDCUS
+ Position

Property Nodes use error clusters like many of the I/O functions in
LabVIEW so you can use the error handlers to keep track of the error
conditions. The VI that calls this subVI can use it to change the properties
of any type of control. The following example shows the subVI disabling a
numeric and setting a Boolean object to be the key focus.
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Next you will build a subVI that changes the disabled property for an array

of controls using the controls references.
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Exercise 2-8

Disable Controls.vi and Control Refs Example.vi

Objective: To build a VI that uses control references to access Property Nodes from a subVI.

You will start with the Property Node Exercise VI you built in Exercise 2-5.
You will make a subVI that accesses an array of control references and
assigns the Disabled property. Then you will modify the Property Node
Exercise VI to use the subVI rather than the original Property Nodes.

@ Note You will use this VI in the project in Lesson 5.

Front Panel

Block Diagram

Refrum Amay

|

5l

* frray of Control Fefnums *

Enable?

* Puzh Button

1. Open a new VI and build the front panel shown previously.

[
[}

E colean|

2. Open and build the block diagram shown previously using the following
components:

a. Place a For Loop located on the Functions»Structures palette on
the block diagram. The For Loop is used to auto-index through the
array of control refnums so that each refnum and property is handled
separately.

i = App

b. Place a Property Node located on the Functions»A pplication

Froperty

Control palette on the block diagram. You will use this Property

LabVIEW Basics Il Course Manual

Node as a generic control type. When you wire the Refnum Array to
the refnum input terminal, the function changes slightly as in the
following example:
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c. Right-click the Property terminal and select Properties»Disabled.
Right-click the terminal again and select Change To Write.

d. Place the Select function located on the Functions»Comparison
palette on the block diagram. This function takes a Boolean input
and outputs the top value of 0 (enabled) if the Boolean is True and
the bottom value of 2 (disabled and grayed out) if the Boolean is
False.

e. Place a Numeric constant located on the Functions»Numeric
palette on the block diagram. You will need two of these with a value
of 0 and 2 for the Select function.

Save this VI as Disable Controls.vi.

4. Return to the front panel. You will now build an icon and connector pane

© National Instruments Corporation

as follows for the VI.

R efrunm Array
Enable?

Save and close this VI. You will now make a calling VI for this subVI.

Open the Property Node Exercise VI you built in Exercise 2-5. You will
not modify the panel.

Select File»Save As and rename this VI Control Refs
Exercise.vi.
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8. Open the block diagram and modify it as shown previously.

a. Create Control References for the six controls by right-clicking their
terminals and selecting Create»Reference from the shortcut menu.

b. You use the Build Array function located on the Functions»Array
palette to combine all the control references into an array to pass it
to the Disable Controls subVI located on the Functions»Select A VI
palette.

¢. You also need the Not function located on the Functions»Boolean
palette to invert the value going into the subVI.

9. Save the VL

10. Return to the panel and run the VI. Notice that when you set the Disable
switch to True, all the controls become grayed out as they did before.

11. Close this VI when you are finished.

End of Exercise 2-8
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F. LabVIEW Run-Time Menus (Optional)

Static Menus

© National Instruments Corporation 2-51

You can customize the menu bar for every VI you build so that you have a
custom pull-down menu while a VI executes. There are two parts to
customizing menus—creating menus and handling menus.

You can build custom menus in two ways—statically at the time of editing,
or dynamically at run time. You can statically store a menu template in a file
called the run-time menu (RTM) file. You can associate an RTM file with a
VI at the time of editing. When the VI runs, it loads the menu from the
associated RTM file. You also can programmatically insert, delete, and
modify menu items at run time from the block diagram using several
LabVIEW functions. In addition, you can programmatically determine if
an option on the menu bar is selected, and programmatically handle the
selection. With these features, you can make a custom pull-down menu for
your application.

Static menus are stored in RTM files. You can enable, create, or edit an RTM
file for a VI by selecting Edit»Run-Time Menu. The Menu Editor dialog
box appears.

i Menu Editor
File Edit Help
| Dot =]
Frewiew ; |Ei|e Edit Operate Tool: Browse Window Help
plokee
. Mew —1 | ltem Type:
* Open... 1 | &pplication ltem _vl
* Cloze
+ Close Al Itern Mame
e — [File
* Save .
s Caveds Itern Tag:
o Savedl J4PP_FILE
* Save with Optionz.... [ Enabled
+ Page Setup... [~ Checked
: E:::I\;\Findnw... _I IShc-rt-:ut [Press key combination] :

On the left side of this dialog box is an overall organization of the menu
items. Menu items are classified into three types: User Item, Application
Item, or Separator.

A User Item can be handled programmatically in the block diagram. It has
a name, which is the string that appears in the actual menu, and a rag, which
is a unique case-insensitive string identifier. A tag identifies a User Item in
the block diagram. For ease in editing, when you enter the name, it is copied

to the tag. However, you can always edit the tag to make it different from the

LabVIEW Basics Il Course Manual



Lesson 2 Designing Front Panels

Dynamic Menus

LabVIEW Basics Il Course Manual

name. For a menu item to be valid, its tag should not be empty. Invalid menu
items appear as ?777.

An Application Item is one that LabVIEW provides. These items are part
of the default LabVIEW menu. To select a particular LabVIEW item, click
the arrow button next to the Item Name. You can add individual items or
entire submenus by using this process. Application Items are handled
implicitly by LabVIEW. These item tags do not appear in block diagrams.
You cannot alter the name, tag, or other properties of an Application Item.
LabVIEW reserves tags starting with APP_ for Application Items.

A Separator inserts a separation line in the menu. You cannot set any of the
properties for a Separator item.

The Menu Editor ensures that the tag is unique to a given menu
hierarchy by appending numbers when necessary. A User Item can be
enabled/disabled or checked/unchecked by setting the respective properties.
You can set a shortcut (accelerator) for a User Item by selecting an
appropriate key combination.

The Menu Editor allows you to insert, delete, or reorder menu items in the
menu hierarchy. Clicking the + button adds a new menu item. You also can
change the type of a menu item by selecting from the Item Type ring. In
addition, you can reorder the menu items and create submenus using the
arrow buttons. Finally, clicking the Delete Item button deletes the selected
menu item.

The Preview portion of the Menu Editor provides an up-to-date view of the
run-time menu. On the Menu Editor pull-down menu, the Open, New,
Save, and Save As buttons allow you to load and save RTM files. Once you
close the Menu Editor, you will have the option of updating the VIs
run-time menu with the menu you edited.

While a VI executes, you can change items in the VI menu bar by using the
menu management functions described in the following sections. All of
these functions are located under Functions»Application Control»Menu.
All of these functions operate on a refnum for the menu retrieved using the
Current VI's Menu function.
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Insert Menu Items

menu tag
menubar FENLT rnernubar out
|tem_tnar:les ,,,3’“3 +H item kags out
It&m tags — Ba error out
ermar in [no ermar] ====Em
after item

Inserts a menu item (or an array of menu items) identified by item names
or item tags into a menu (menu bar or submenu). The position of the item
is specified either through the after item parameter or through a
combination of the menu tag and after item pair.

Delete Menu Items

menubar MEML renLbar oLt
menu fag

itemsz ﬁ:
&rrar in [hio erar]

o 2rror QU

Deletes a menu item (or an array of menu items) identified by items from
a menu identified by menu tag (from the menu bar, if menu tag is not
specified). Items can be a tag, array of tags, position number, or an array
of position numbers.

Get Menu Item Info

item tag 1% submenu tags
menubar MEMLI renLbar oLt
F“ﬂ}__‘ ......... s - item name

&rrar in [ho errar] 5 “‘Lm’ enabled
error aut
...................... ChECkEd

b ghart cut

Returns properties of the menu item specified through item tag (or the
menubar if the item tag is unspecified). Item properties include item
name, enabled, checked, and shortcut. If the item has a submenu attached,
its item tags are returned in submenu tags.
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Menu Selection Ha
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Set Menu Item Info

item tag
menubar FEMLT menLbar out
item marme ~F __,ff!
enabled -~ : error oLt

&rar in [hio erar]
ChECk.Ed ......................

ghiart Lt s

Sets properties of the menu item specified through item tag. Item properties
include item name, enabled, checked, and shortcut. Unwired properties
remain unchanged.

Get Menu Shortcut Info

menubar [HEMD] renubar out
thort cut =~ i k- jtem tag
BIT0r in [0 error] === "‘L_ itern path
error out

Returns the menu item that is accessible through a given shortcut.

ndling

Menu Selection functions handle your menu selections. The menus might
have been built statically in VI Properties or dynamically during run time.
To set up the block diagram to handle menu selections, acquire control over
the menu selection process with the Get Menu Selection function. While the
VI controls the menu selection, it waits for a selected menu item using the
same function, Get Menu Selection. All the LabVIEW menu items are
implicitly handled by LabVIEW—only the user menu selections are
obtained through Get Menu Selection.

Once you select an item, you cannot select another item until the Get Menu
Selection function reads the first item. Under such conditions, Get Menu
Selection is invoked under block menu mode, wherein menu tracking is
blocked out after a selection is read. The menu is enabled after you process
the selection using the Enable Menu Tracking function.

Current VI’'s Menubar

@— menubar

Returns the menubar refnum of the current VI. This function must be
executed before the other menu handling functions are invoked.

2-54 ni.com



Lesson 2 Designing Front Panels

Get Menu Selection

_. ..................... tllTIElj Dut
menubar FEMLI menLbar out
mz timeout [200] — ... K S R kem tag

|:||-:u:_k menu [F] J“—% itemn path
&rar in [hio erar] error oLt

Returns the item tag of the last selected menu item, optionally waiting for
a period of time specified by timeout. Item path is a string describing the
position of the item in the menu hierarchy. Menu selection is blocked after
an item is read if block menu is set to TRUE.

Enable Menu Tracking

menubar HERIY rnerubar out

enable (T) = * R e
Error in [no error)

This function enables or disables the tracking of menus. Once a menu is
blocked using the Get Menu Selection function, Enable Menu Tracking
must be executed to re-enable the pull-down menu.
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Exercise 2-9  Pull-down Menu.vi (Optional)
Objective: To build a VI using a custom run-time menu.

This VIillustrates how to edit and programmatically control a custom menu
in a LabVIEW application.

1. Open the Pull-down Menu VI located in the c: \exercises\LV
Basics 2 directory. The front panel and block diagram are partially
complete. You will build a custom run-time menu for this VI using the
Menu Editor, and complete the block diagram so that you can access
this menu.

2. Select Edit>Run-Time Menu to display the Menu Editor dialog box.

i Menu Editor
File Edit Help
| Dot =]
Frewiew ; |Ei|e Edit Operate Tool: Browse Window Help
plokee
. Mew —1 | ltem Type:
+ Open.. = | Application Item =l
* Cloze
+ Close Al Itern Mame
e Fi
* Save .
* Savebs [ Lee:
o Savedl J4PP_FILE
* Save with Optionz.... [ Enabled
+ Page Setup... [~ Checked
: E:::I\;\Findnw... _I IShc-rt-:ut [Press key combination] :

The current run-time menu for the application is the LabVIEW default
menu. In the next several steps, you will replace that menu with a
custom list of selections.

3. Change the top ring control in the Menu Editor from Default to
Custom. The menu listed on the left portion of the dialog box should be
replaced with a 7?7, representing a single unnamed item.

4. In the Item Type ring control, select Application Item»QOperate»
Entire Menu. The LabVIEW Operate menu should be added to the
custom menu. Default LabVIEW options, as well as selections you
create, can be added to a custom menu.

Take a moment to navigate the Operate menu in the editor. Notice that
you can select various items and collapse submenus using the triangle
icons. As you select individual items in the menu, their Item Name and
Item Tag appear in the Item Properties box of the editor. When finished,
collapse the Operate menu by clicking the triangle next to the Operate
option. You should now see only the Operate item in the menu list.
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Click the + button in the Menu Editor toolbar. A new unnamed item,
777, appears in the menu list. With this item highlighted, enter Test into
the Item Name property. This menu item now has an item name and tag
of Test.

Click the + button again to add another entry under the Test item. Click
the right arrow button on the toolbar, and this unnamed option becomes
a subitem under the Test menu. Type in the Item Name Test 1 for this
new item.

Add two more subitems under the Test submenu called Test 2 and
Test 3. The Menu Editor dialog box should now resemble the
following:

ifﬂ Menu Editor - Untitled.rtm™

File Edit Help

Preview : |Qpelate Test

[ Operate
- Test
*+ Test]

* Test?

— Item Properties
Item Type :

Item Mame :

I Uszer ltem vl

|Test3
Itern Tag :
|Test3

¥ Enabled
" Checked
Shaortcut [Press key combination] :

=

In the Preview area of the Menu Editor, you can see how the custom
menu will behave during run time.

Select File»Save from the Menu Editor dialog box. Save the run-time
menu as Menu Exercise.rtminthe c:\exercises\LV Basics 2
directory. Then close the Menu Editor dialog box. When LabVIEW
asks if you want to change the run-time menu to Menu Exercise.rtm,
select Yes. You have configured a custom pull-down menu which will
be invoked while the VI executes.
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Block Diagram
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10.

Change to the block diagram of the VI and complete it as shown
previously.

a. Place the Current VI’s Menubar function located on the
Functions»Application Control»>Menu palette on the block
diagram. This function returns the refnum for the selected VI’s
pull-down menu, so that it can be manipulated.

b. Place the Get Menu Selection function located on the Functions»
Application Control»Menu palette on the block diagram. Each
time the While Loop executes, the Get Menu Selection function will
return the Item Tag for any user item selected in the run-time menu.
If no user item is selected, Item Tag returns an empty string. This
function is configured so that every time it reads the menu bar, it
prevents the user from making another menu selection until Enable
Menu Tracking is executed.

c. Place the Enable Menu Tracking function located on the Functions»
Application Control»Menu palette on the block diagram. This
function enables the pull-down menu, after it has been disabled by
the Get Menu Selection function.

Save the VI and run it. When the VI executes, the custom run-time menu
appears on the front panel. If you select one of the items in the Test
pull-down menu, that item’s name appears in the Item Tag indicator and
a dialog box appears with the test name in it. At this point, if you try to
select another pull-down menu item, you find that the menu is disabled
(this is caused by the block menu parameter of the Get Menu Selection
function). If you click OK on the dialog box, the Item Tag indicator is
cleared and the menu is re-enabled by the Enable Menu Tracking
function. Also, notice that the items from the Operate pull-down menu
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do not show up in the Item Tag string—only User items are returned
from the Get Menu Selection option.

To observe the flow of the VI, you might want to turn on execution
highlighting and single-stepping and examine the block diagram. Click
Stop on the VI’s front panel to halt program execution.

Using the Menu Editor, you can assign shortcut keys to User items you
create. Assign the keyboard shortcuts to the test options according to the
following table:

Windows Keyboard Macintosh Keyboard
Menu Item Shortcut Shortcut

Test 1 <Citrl-1> <option-1>

Test 2 <Ctrl-2> <option-2>

Test 3 <Ctrl-3> <option-3>

12.

13.

In addition to setting the previous shortcuts, on a Windows platform
you can assign an ALT keyboard shortcut to menu items. This is
accomplished by preceding the letter of the menu name for the shortcut
with an underscore. For example, to assign ALT-X to a menu item called
Execute, give the Execute option an Item Name of E_xecute. In this
exercise, assign ALT-T to the Test option in the menu.

Save the menu with the updated keyboard shortcuts and run the VI. Now
you should be able to use the keyboard shortcuts, rather then the cursor,
to select the different test options.

Close the VI.

End of Exercise 2-9
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G. Intensity Plots

Intensity plots are extremely useful for displaying patterned data. For
example, the plots work well for displaying terrain, where the magnitude
represents altitude. Also, you can demonstrate temperature patterns with
intensity plots. Like the waveform graph and chart, the intensity chart
features a scrolling display while the intensity graph features a fixed display.
These displays accept a block of data and map each value to an associated
color, with a maximum of 256 accessible colors.

Intensity Plot Options

The displays of intensity charts and graphs use many of the same options as
their waveform counterparts. The following front panel shows many of the
intensity graph options. Intensity plots also provide options unavailable in
other charts and graphs. Because they display a third value (color), a color
ramp is accessible. You use these options to set and display the color
mapping scheme. The intensity graph also adds a third value, a z-value,

to the cursor display.

Intenszity Graph
i -100.0
Color Ramp
' Scale 40- Z Scale
-
= £
2 30- =
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[
Graph Paletts
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X Scale— Time = S Pyl I
[Tine @ | e 000 Jooo  Jooo el A& ® |
[Frequency | @y 00 Jooo  Jooo bl A&-

T — Y PE R

Scale Legend

Cursor Legend

To change the color associated with a specific intensity value, right-click the
marker appearing next to the color ramp and select Marker Color from the
menu. The color palette appears, from which you select a color to associate
with that particular numeric value. To add more values to the color ramp,
right-click it and select Add Marker. You can drag the tick mark that
appears to the appropriate location on the color ramp, or select the text next
to the tick mark with the Labeling tool and type in the location of the marker.
After you have placed the marker at the appropriate location on the ramp,
right-click it and select Marker Color.
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Intensity Plot Data Types
The intensity chart and intensity graph accept a 2D array of numbers. The
location of each element in the array (its row and column indices) maps it
to the X and Y value on the chart or graph. The magnitude of each array
element maps to a corresponding color. The example following shows a
4 x 3 array plotted on an intensity graph. Notice how the Intensity Graph
transposes the array elements.
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(Yso0 200 | a0 |
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Exercise 2-10 Intensity Graph Example.vi
Objective: To use an intensity graph.

You will use a VI that displays a wave interference pattern on an intensity
graph. You will also use the VI to plot a 2D array of data on the graph.

1. Open and run the Intensity Graph Example VI in the
c:\exercises\LV Basics 2 directory. By default, the VI plots an
interference waveform. A Property Node on the block diagram defines
the color range used in the intensity graph. You can change the color

range by opening the block diagram and modifying the Color Array
constant.
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2. Change the Plot switch on the front panel to User Data and enter values
between 0.0 and 10.0 in the User Data array control. Run the VI. Notice
how the magnitude of each element is mapped to the intensity graph.
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3. Close the VI. Do not save changes.

End of Exercise 2-10
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Summary, Tips, and Tricks

LabVIEW Basics Il Course Manual

When you are designing user interfaces, keep the following things in
mind: the number of objects in the panel, color, spacing and alignment
of objects, and the text and fonts used.

LabVIEW contains the following tools to help you create user
interfaces: dialog controls, tab controls, decorations, menus, and
automatic resizing of panel objects.

Latched Boolean buttons in a cluster can be used to build menus for
applications.

You can convert a cluster containing components of the same data type
to an array and then use the array functions to process the cluster
components. The Cluster To Array function (Functions»Cluster or
Functions»Array palette) converts a cluster to a 1D array.

Property Nodes are powerful tools for expanding user interface
capabilities. You use Property Nodes to programmatically manipulate
the appearance and functional characteristics of panel controls and
indicators.

You create Property Nodes from the Create shortcut menu of a control
or indicator (or a terminal for a control or indicator on the block
diagram).

You can create several Property Node terminals for a single front panel
object, so you can configure properties from several locations in the
block diagram.

You can set or read properties such as user access (enable, disable, gray
out), colors, visibility, location, and blinking.

Property Nodes greatly expand graph and chart functionality by
changing plot size, adjusting the scale values, and operating or reading
Cursors.

Use the Context Help window to learn more about individual properties.

You can use Control References and refnums to access Property Nodes
inside subVlIs.

To create your own run-time menus, select Edit»Run-Time Menu to
display the Menu Editor dialog box.

You can programmatically create and read run-time menus with the
functions in the Functions»Application Control»Menu palette.

You can use intensity charts and graphs to plot three-dimensional data.
The third dimension is represented by different colors corresponding to
a color mapping that you define. Intensity charts and graphs are
commonly used in conjunction with spectrum analysis, temperature
display, and image processing.
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Additional Exercises

2-11

2-12

2-13

© National Instruments Corporation

Modify Exercise 2-4 by adding a cluster of four labeled buttons.
Each time you click a button in the new cluster, decrement the
display by one. Use the front panel as follows to get started. Save the
VI as Cluster Example 2.vi.

Add1 Suhbtract 1 Dizplay Cluster

[Buton1] | [Button 1] EE
| Button 2. | Button 2' ID—
| Buitton 3. | Button 3' |3—
| Button 4. | Button 4' ID—

“|abeled button cluster* “digital indicatar eluster
Mech &ction -» Latch when released Representation » 132

3TOP

Build a VI that manipulates a button control on the front panel. The
button should control the VI's execution (that is, terminate the While
Loop). Use a Dialog Ring to select the following options: Enable
and Show button, Disable button, Grey Out button, and Hide
button. Use Property Nodes to implement the actions that the Dialog
Ring specifies. Test the different modes of operation for the button
while trying to stop the VI. Save the VI as Button Input.vi when
you are finished.

Open the Analyze & Present Data VI you developed in Exercise 2-7
and modify the VI so that if the number of data points in the subset
is one point or less, the Log Results to File button is grayed out.
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Notes
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This lesson describes how you can organize the block diagrams of your VIs
based upon how you transfer data from one place to another. First, you will
be reminded of how LabVIEW runs a VI. Then you will learn how to use
local and global data to pass data within and between VIs and tips for using
those data objects efficiently. Last, you will learn how to use DataSocket to
pass data between VIs and computers.

You Will Learn:

About data management techniques in LabVIEW
How to use Local Variables
How to use Global Variables

Some tips about using Locals and Globals

moaw»

How to use DataSocket
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A. Data Management Techniques in LabVIEW

The previous lesson describes how you build the user interface, or front
panel, for a VI. This lesson concentrates on block diagram issues such as
passing data between nodes and controlling execution order.

As you already know, the principle that governs how a LabVIEW program
executes is called data flow. The rules of data flow are:

* A node executes only when data is available at all its input terminals.

* A node supplies data to all of its output terminals when it finishes
executing.

* The data flows through wires instantaneously.

Therefore, a block diagram does not execute top to bottom or left to right,
but according to data flow rules. This contrasts with the control flow method
of executing a conventional program in which instructions execute in the
sequence in which you write them.

Wires are the key to understanding how data flow works in LabVIEW.
When wires directly connect one node to the next, the order of execution
1s defined. If no wire connects two nodes, then those nodes can run
concurrently. If you require those two nodes to run in order, then you either
use a sequence structure or, if the nodes are subVIs, program data
dependencies such as the error clusters to control program execution.

When You Cannot Use Wires

LabVIEW Basics Il Course Manual

Wires are the most efficient way to pass data from one node to the next when
using data flow programming. On the block diagram, data is transferred
from one function or VI to another by connecting them with a wire. The data
then flows from the producer to the consumer as shown below.

Hode Mode
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This approach does not work if you need to exchange data between block
diagrams that run in parallel. Parallel block diagrams can be in two parallel
loops on the same block diagram or in two VIs that are called without any
data flow dependency. Consider the following block diagram.

This block diagram does not run the two loops in parallel because of the wire
passing between the two subVIs. The wire creates a data dependency where
the second loop does not start until the first loop is finished and passes

the data through its tunnel. The only way to make the two loops run
concurrently is to remove the wire connection. However, then the subVIs
cannot pass data between each other unless you use another technique of
data management. This lesson describes local variables, global variables,
and DataSocket as methods to pass data between parts of the same block
diagram and between different block diagrams.
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B. Local Variables

Up until now, you have read data from or updated a front panel object using
its terminal on the block diagram. However, a front panel object has only
one terminal on the block diagram, and you might need to update or read a
front panel object from several locations on the block diagram. Using local
variables, you can access front panel objects in several places and pass data
between structures that cannot be connected by a wire.

Creating Local Variables

Local variable
node

nurnber in

Local variable
icon with
“number in”
selected
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There are two ways to create local variables on the block diagram. If you
have already created a front panel object, you can create a local variable by
right-clicking the object or its terminal and selecting Create»Local
Variable from the pop-up menu. You can use this method on the front panel
or the block diagram. A local variable icon for the front panel object appears
next to the terminal on the block diagram. When you right-click a terminal
to create a local variable, the local variable refers to the object you
right-clicked to create the icon.

You also can select Local Variable from the Structures palette. A local
variable node, shown at left, appears on the block diagram. You can select
the front panel object you want to access by right-clicking the variable node
and selecting an object from the Select Item menu. This menu lists the
owned labels for the front panel controls and indicators. Thus, always label
your front panel controls and indicators with descriptive names, using
owned labels.

ifﬂ Structures

Local Yaria

For example, if the first object you create on the front panel is labeled
number in, the local variable icon appears as shown at left. After you place
the local variable on the block diagram, you can select the appropriate front
panel object by either clicking the variable using the Operating tool, or
right-clicking it and selecting the front panel object from the Select Item
menu.
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Front Panel Block Diagram
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Read Locals and Write Locals

You can either read data from or write data to a local variable. After you
place the local variable on the block diagram, you must decide how to use it.

By default, a local variable assumes that it will receive data. Thus, this kind
of local variable acts like an indicator and is a write local. When you write
new data into the local variable, the associated front panel control or
indicator updates to contain the new data.

You can change the configuration of a local variable so that it acts as a data
source, or a read local. To do this, right-click the variable and select Change
To Read. On the block diagram, a read local icon behaves just like a control.
When this node executes on the block diagram, your program reads the data
in the associated front panel control or indicator.

To change a read local to a write local, right-click the variable and select
Change To Write. The local variable will change its data direction so that
it receives data instead of providing data.

On the block diagram, you can visually distinguish read locals from write
locals just as you distinguish controls from indicators. A read local has a
thick border, emphasizing that it is a data source, similar to a control. A
write local has a thin border, because it acts like a data sink, similar to an
indicator. In the following figure, both local variables refer to the same item
on the front panel.

Read Local Write Local
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Local Variable Example
As an example of when you might need a local variable, consider how you
would use a single front panel switch to control two parallel While Loops.
Parallel While Loops are not connected by a wire, and they execute
simultaneously. First, we will study two unsuccessful methods using one
terminal for the switch on the block diagram (Methods 1 and 2). Then, we
will show how a local variable accomplishes the task (Method 3). The front
panel of this example VI appears below.

Loop Control - Chart 1

Method 1 (Incorrect)

As a first attempt, we place the Loop Control terminal outside of both loops
and wire it to each conditional terminal. In this case, the Loop Control
terminal is read only once, before either While Loop begins executing.
Recall that this happens because LabVIEW is a dataflow language, and the
status of the Boolean control is a data input to both loops. If a TRUE is
passed into the loops, the While Loops run indefinitely. Turning off the
switch does not stop the VI because the switch is not read during the
iteration of either loop. This solution does not work.

Loop Control

LTF]

Method 2 (Incorrect)

Now we move the Loop Control terminal inside Loop 1 so that it is read in
each iteration of Loop 1. Although Loop 1 terminates properly, there is a
problem with this approach. Loop 2 does not execute until it receives all its
data inputs. Remember that Loop 1 does not pass data out of the loop until
the loop stops. Thus, Loop 2 must wait for the final value of the Loop
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Control, available only after Loop 1 finishes. Therefore, the loops do not
execute in parallel. Also, Loop 2 executes for only one iteration because its
conditional terminal receives a FALSE value from the Loop Control switch
in Loop 1.

Loop 1

Method 3 (Correct)

In this example, Loop 1 is again controlled by the Loop Control switch, but
this time, Loop 2 reads a local variable associated with the switch. When
you set the switch to FALSE on the front panel, the switch terminal in Loop
1 writes a FALSE value to the conditional terminal in Loop 1. Loop 2 reads
the Loop Control local variable and writes a FALSE to Loop 2’s conditional
terminal. Thus, the While Loops run in parallel and terminate
simultaneously when the single front panel switch is turned off.

Loop Conbrol

This simple example demonstrates the need for local variables. As
previously shown, using the local variable gives access to a single front
panel object from several locations on the block diagram. Local variables
are also necessary when you cannot accomplish your goal using wires to
carry the data.

Thus far, you have learned that you can read input data from controls and
send results to an indicator. But, for example, what if you want to determine
which parameters were used to run a VI previously and you want to place
those values in controls for the users to modify? How can you write those
values into a control?
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You cannot do this with standard controls and indicators. Using local
variables, you can overcome this limitation. You can update a control from
the block diagram. Also, you can have any number of local variable
references for a given front panel control, with some in write mode and
others in read mode. With a local variable reference, you can access a front
panel object as both an input and an output.

To understand this concept, we will look at an example that shows another
use of local variables. Below is a single string indicator. Suppose you want
to update that indicator to display the loop that is currently executing.
Without a local variable, there is no way to accomplish this task. You can
place the indicator terminal in only one loop.

However, using a local variable, you can access the same front panel
indicator from more than one location on the block diagram, so that a single
indicator displays the loop that is executing. The Which Loop? indicator is
placed in Loop 1 and a local variable instance of that indicator is placed in
Loop 2. Although this example is simple, it shows how an indicator can be
updated from two separate locations on the block diagram.

Run ; a hich Loop? -
‘ \*l\_"'ththDUD- Coon ] ‘which Loop?
I Qop

250 Fun 200
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Exercise 3-1 Login VI
Objective: To use local variables to initialize controls on the front panel.
@ Note Use this VI in the project in Lesson 5.

Front Panel

Login M amne Operatar Hame
Paszword .&;ess Granted

e

1. Open the Login VI in the c:\exercises\LV Basics 2 directory.
The front panel of the VI is already created. Finish building the block
diagram.

Block Diagram

enify Information.vi| [Onerator Mamel

Werify

Info

f

|_ogin M ame
V7 m— 17
J*FevFocus

1. Complete the block diagram. Notice that the local variables are enclosed
in a single-frame Sequence structure, and that the empty string constant
is wired to the border of the While Loop. This setup ensures that both
local variables are updated before the While Loop starts.

a. Login Name local variable set to write local—Resets the login name
to an empty string. To create this local variable, right-click the Login
Name terminal and select Create»Local Variable from the pop-up
menu.

b. Password local variable set to write local—Resets the password
string to an empty string. To create this local variable, right-click the
Password terminal and select Create»Local Variable from the
pop-up menu.
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wis
Lagin Mame
e
rFeyFocuz
Werify e.
Inf e

Empty String constant, available on the Functions»String
palette—Passes string values to the Login Name and Password local
variables.

Login Name Property Node—To create this node, right-click the
Login Name terminal and select Create»Property Node. Change
the property to key focus and wire a TRUE Boolean constant to it.

Place the Verify Information VI on the block diagram. To select this
VI, select Functions»Select a VI, navigate to ¢ : \exercises\LV
Basics 2, double-click the Verify Information VI, which you built
in Exercise 1-2, and place the VI on the block diagram. This VI uses
the name and password and checks for a match in a table of
employee information.

@ Note If you have trouble wiring the string constant to a local variable, right-click the
local and select Change to Write Local.

2.

Save the VI under the same name.

Return to the front panel and run the VI. Notice that the Login Name and
Password controls reset to empty strings when you start the VI.

Now resize the front panel to show only the necessary objects, as shown:

Lagin Mame

Pazzword

[

5. Save and close the VI.

End of Exercise 3-1

LabVIEW Basics Il Course Manual
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Exercise 3-2 Select and Plot Waveform VI (Optional)

Objective: To use local variables to modify both indicators and controls on the front panel.

Front Panel

Mew W aveform

Select waveform

| Stand By =]
*dialog ring®

Current Activity
| Idle

*string indicator Previous waveform

1.0-

*stop button®

a0 100

1. Open the Select and Plot Waveform VIin the ¢: \exercises\Basics
2 directory. The front panel is already built. Finish the block diagram.

2. Open and examine the block diagram.
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Block Diagram

DDDDDDDDE1[D2]E|DDDDDDDD

Select Wavefom|

*alring constant® Current Activity

[5taring Previaus 'Wwaveform|-= (ke ]|

. b
read local vaniable Pravious wWavahom

Current Activity

ait [mz)
Lk
] Select waveform

OO0O000000000000000000

*shing canstant® *wirite local varia

shing constant® “wirite local variable™

|Generating Mew WavefnrmH| Current Activity|

WFlotting Mew W’aveformf'"-‘“ Current Activity|

Wcguire Signal vi ait [ms]|
Ao
AT e 1 ait [mg E
Swa| | ! 2000
2':“:'0 —
O00000000000000000000 OO00O000000000000000000

1.

zhring constant

Current Sctivity
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Complete the portions of the block diagram shown in ellipses above.

a.

b.

d.

String Constant, available on the Functions»String
palette—Sends text values to the Current Activity front panel
indicator.

Numeric Constant, available on the Functions»Numeric
palette—Resets the Select Waveform dialog ring to zero (Stand By)
after the waveform is acquired.

New Waveform local variable set to read local—Reads the data in
the New Waveform graph and passes that data to the Previous
Waveform graph. To create this local variable, right-click the New
Waveform terminal and select Create»Local Variable from the
pop-up menu. Then right-click the local variable and select Change
To Read.

Current Activity local variable set to write local—Places new text
into the Current Activity indicator. There are several instances of this
local variable in the block diagram, illustrating how you can access
a front panel object from several locations on the block diagram. To
create the local variable, right-click the Current Activity terminal
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and select Create»Local Variable from the pop-up menu. Then
make two more copies of this local variable.

Select Waveform local variable set to write local—Resets the

.
— Select Waveform control to Stand By mode. To create this local
variable, right-click the Select Waveform terminal and select
Create»Local Variable from the pop-up menu.
@ Note Make sure to correctly set each local variable as a read local or a write local. To

change a write local to a read local, right-click the icon and select Change to Read Local
from the pop-up menu. To change a read local to a write local, right-click the icon and
select Change To Write.

Fizg

Signal

4.

f.  Wait (ms) function, available on the Functions»Time & Dialog

palette—Generates a delay so you can observe the front panel
activities.

Acquire Signal VI, available on the User Libraries»Basics 2
Course palette—Generates the data for the waveform specified by
the Select Waveform control.

Save the VI under the same name.

Return to the front panel and run the VI. Notice that the VI updates the
string indicator and stores the old waveform in the Previous Waveform
graph. Also, observe that after the new waveform is acquired and sent to
the screen, the Select Waveform control is reset to Stand By (zero).

Close the VI when you are finished.

End of Exercise 3-2

© National Instruments Corporation
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C. Global Variables

Recall that you can use local variables to access front panel objects at
various locations in the block diagram. Those local variables are accessible
only in that single VI. Suppose that you need to pass data between several
VIs that run concurrently, or whose subVI icons cannot be connected by
wires in the block diagram. You can use a global variable to accomplish this.
Global variables are similar to local variables, but instead of being limited
to use in a single VI, global variables can pass values between several Vls.

Consider the following example. Suppose you have two VIs running
simultaneously. Each VI writes a data point to a waveform chart. The first
VI also contains a Boolean to terminate both VIs. Remember that when both
loops were on a single block diagram, you needed to use a local variable to
terminate the loops. Now that each loop is in a separate VI, you must use a
global variable to terminate the loops.

Run Sine Wave

* 1.0- ,

Sine Wave

L

S awtooth Wave

| ®Boolean |

Creating Global Variables
Global variables are built-in LabVIEW objects. They appear as special VIs
in the computer’s memory. A global variable has a front panel where you
can place controls and indicators of any type. However, a global variable has
no block diagram. The front panel is simply a container from which you
access data from other VlIs.
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ifﬂ Structures

Global Wariable
ST

el

To create a global variable, select Global Variable from the Structures
' palette. A global variable node appears on the block diagram. The icon for
Global variable a global variable on the block diagram is similar to a local variable icon,
node . .
except that a small picture of a globe appears to the left of the global variable
name.

Open the panel of a global variable by double-clicking the global variable
node. Place controls and indicators on the front panel in the same way you
place them on a standard VI’s front panel.

@ Note You must label each control or indicator with an owned label because a global
variable refers to an item by its name.

The following example shows a global variable front panel with three
objects—a numeric, a string, and a cluster containing a digital and a
Boolean control. Notice that the toolbar in the window does not show the
same items as a normal front panel.

! Global 2 = —[O] x|
File Edit Dperate Toolz Browse ‘wWindow Help ]

| 13pt Application Font |v‘| ;mvllfu: v||£§')vl 2@
=
Murneric ke
:‘:Iu.uu
String

Kl

After you finish placing objects on the global variable’s front panel, save the
global variable and return to the block diagram of the original VI. Select the
specific object in the global variable VI that you want to access. To select a
specific object, right-click the global variable node and select the object
from the Select Item menu. This menu lists the owned labels for all the
objects on the panel. Notice that you also can open the front panel
containing the objects in the global variable from this pop-up menu.
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Global variable
node

Global variable
node displaying
a numeric

You also can click the node with the Operating tool and select the global
variable you want to access.

After you select the specific global variable object that you want to access,
the node changes from the figure shown at left to display the object you have
chosen, such as a numeric.

You might want to use this global variable in other VIs. Because a global

variable is a special kind of VI, you can place it in other VIs using the Select
a VI option in the Functions palette. Then, right-click the node to select the
specific object in the global variable you want to access, as described above.

@ Note A global variable front panel can contain references to many individual objects
that are globally accessible. You do not need to create a separate global variable VI for

each item yo

u need to globally access.

Read Globals and Write Globals

LabVIEW Basics Il Course Manual

Like local variables, you can either read data from or write data to a global
variable. By default, a global variable is write global when you create it. You
can write a new value into the global variable, so a write global acts like an
indicator.

You can change the configuration of a global variable so that it acts as a data
source, or a read global. To do this, right-click the variable and select
Change To Read. On the block diagram, a read global icon behaves like a
control. When this node executes on the block diagram, the program reads
the data in the associated front panel object.

To change a read global to a write global, right-click the variable and select
Change To Write. The global variable will change its data direction so that
it receives data instead of providing data. When this node executes on the
block diagram, the program sends new data into the global variable.

On the block diagram, you can visually distinguish read globals from write
globals just as you distinguish controls from indicators. A read global has a
thick border, emphasizing that it is a data source. A write global has a thin
border, because it acts as a data sink. In the figure below, both global
variables refer to the same item on the global variable’s front panel.

Read Global Write Global
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Exercise 3-3 Data to Global VI

Objective: To build a VI that writes data into a global variable.

Create a global variable and use it to send data to the VI in the next exercise.

Walue i :
Thiz is the data written
ID-DD to the global variable

*digital indicatar*
1. Open a new VI and build the front panel as shown previously.

Block Diagram

100000000

Sins
@5tap Button 3 _ :1 @
“rite global® S0
DEDED I ait Lntil Nest ms Multiple] [y Globals.vi
[@5tcp bton]
“tead global*

2. Build the block diagram as shown previously.

a. Sequence Structure, available on the Functions»Structures
palette—Initializes a global variable using artificial data
dependency with the Boolean Constant, available on the
Functions»Boolean palette, and the While Loop.

b. While Loop, available on the Functions»Structures
[[E] palette—Structures the VI to continue running until a global
Boolean sends a TRUE value. Right-click the Conditional terminal
and select Stop If True.

) c. Wait Until Next ms Multiple function, available on the

= Functions»Time & Dialog palette—Ensures that data is written to
the global variable every 50 ms, in this exercise. Create the constant
by right-clicking the input terminal and selecting
Create»Constant.

E> d. Divide function, available on the Functions»Numeric
palette—Divides the iteration counter of the While Loop by 20.
Create the constant by right-clicking the bottom input terminal and
selecting Create»Constant.

""" T e. Sine function, available on the Functions»Numeric»
STH Trigonometric palette—Accepts an input value in radians and
outputs the sine of that value.
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e

Global variable
node

Global variable
node
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3. My Globals VI global variables—Pass values between

two concurrently running VIs, in this exercise. Complete the following
steps to create and configure the global variables.

a. In the block diagram, select Global Variable from the Structures
palette.

b. Double-click the node to bring up the global variable’s front panel.
Create the global variable front panel as shown in the following
figure. Label the controls with the owned labels shown. Notice that
there is no block diagram associated with the global variable’s front
panel.

Global Variable Panel
Stop Button Dataalue

c. Save and close the global variable. Name it My Globals.vi.
d. Return to the Data to Global block diagram.

e. Right-click the global variable node and select Visible Items»
Label.

f. Using the Operating tool, click the global variable node and select
Stop Button. You can change the variable to be readable or writable
by right-clicking it.

g. Make enough copies of the My Global.vi variable. Use the
Operating tool to select the correct item you need from the global
variable.

Initialize the Stop Button global variable inside the Sequence structure
by writing a FALSE to it. The constant is wired to the loop border to
force the global to initialize before the loop begins executing. This
prevents the While Loop from reading an uninitialized global variable,
or one that has an unknown value.

Save the VI as Data to Global.vi.Keepitopen so you canrunitin
the next exercise.

End of Exercise 3-3
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Exercise 3-4 Display Global Data Vi

Objective: To build a VI that reads data from a global variable.

Build a VI that reads data from the global variable you created in the
previous exercise and displays the data on a front panel chart.

Front Panel

[Data
STOP B2 ba: EEH

Time Delay [ms]
200~

1502

1002
50
k|

=vertical pointer slide”

“waveform chart”
1. Open a new VI and build the front panel shown previously.

Block Diagram

kdy Globals. vi
@

*read global®

ait Until Next ms Multiple] My Globals. vi

Tirne Drelay [ms g & Stop Button

“wiite global”

2. Build the block diagram shown previously.

a. While Loop, available on the Functions»Structures

| palette—Structures the VI to continue running until you press the
Stop button. Right-click the Conditional terminal and select Stop If
True.

b. Wait Until Next ms Multiple function, available on the
Functions»Time & Dialog palette—Sets the loop rate. Make sure
the default is 20 iterations per second, or 50 msec.

Bz
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node
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3. My Globals VI global variables—Pass values between two

concurrently running VIs, in this exercise. These global variables were
not created from a global variable node on this block diagram, so the
steps for creating and configuring them on this block diagram are as
follows.

a. Select Functions»Select a VI and select My Globals.vi from
c:\exercises\Basics 2 directory, where you saved the global
variable you created in Exercise 3-3. The global variable object
displayed in the node is either Stop Button or Data Value,
depending on the order in which they were placed on the global
variable’s front panel.

b. Copy the global variable so that you have two instances, one Stop
Button global and one Data Value global. To access a different global
variable object, click the node with the Operating tool and select the
object you want.

c. Change the Data Value global to a read global by right-clicking the
node and selecting Change To Read from the pop-up menu.

The VI reads a value from the Data Value and passes the value to the
waveform chart. It also writes the current value of the STOP button to
the Stop Button global variable object each time through the loop. Using
a global variable, the Boolean value is read in the Data to Global VI to
control its While Loop.

Save the VI as Display Global Data.vi.

Switch to the Data to Global VI front panel and position the two front
panels so both are visible.

. Run Data to Global. Switch back to the Display Global Data VI and run

it. The waveform chart on the Display Global Data VI front panel
displays the data. Data to Global continually writes the value it
calculates to the Data Value global variable object. The following
example shows the Display Global Data reading the global variable
object and updating the chart.
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The Time Delay control determines how often the global variable is
read. Notice how the Time Delay affects the values plotted on the
waveform chart. If you set the Time Delay to 0, the same Data Value
value is read from the global variable several times, appearing to
decrease the frequency of the sine wave generated in Data to Global.
If you set the Time Delay to a value greater than 50 ms, Display Global
Data may never read some values generated in Data to Global, and the
frequency of the sine wave appears to increase. If you set the Time
Delay to 50 ms, the same rate used in the While Loop in Data to Global,
Display Global Data reads and displays each point of the Data Value
global only once.

@ Note When using globals, if you are not careful, you may read values more than once,
or you may not read them at all. If you must process every single update, take special care
to ensure that a new value is not written to a global variable until the previous one has
been read, and that after a global has been read, it is not read again until another value
has been written to the global.

7.

© National Instruments Corporation

Press the STOP button on the Display Global Data front panel to stop
the VI. Notice that both Display Global Data and Data to Global stop.
The VI continually writes the value of the STOP button to the Stop
Button global variable object. That value is then read in Data to Global

3-21 LabVIEW Basics Il Course Manual



Lesson 3 Data Management Techniques

and passed to the conditional terminal to control its loop as well. When
you press the STOP button, a TRUE passes through the global variable
to Data to Global, where that TRUE value is read to stop that VI as well.

8. Close both Vls.

End of Exercise 3-4
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D. Important Advice about Local and Global Variables

Initialize Local and Global Variables

Race Conditions

© National Instruments Corporation 3-23

Verify that your local and global variables contain known data values before
your program begins. Otherwise, the variables may contain data that causes
the program to behave incorrectly.

If you do not initialize a local variable before reading data from it, it will
contain the current value of the control. The first time your program reads a
global variable, it contains the default value of the object it reads, unless you
have previously initialized the global variable.

Local and global variables in LabVIEW do not behave like local and global
variables in text-based programming languages. Recall that LabVIEW is a
dataflow language, not a sequential programming language. Overusing local
and global variables can lead to unexpected behavior in your program,
because functions might not execute in the order you expect. Consider the
simple local variable example below. The LabVIEW code appears next to
the equivalent code of a sequential programming language.

LabVIEW Code Sequential Code
H X=X=+*5
N-EE! X=X+2

. or

X=x*5

When you execute the sequential code, the solution for a given value of x is
clear because the statements execute from top to bottom. However, the
LabVIEW code does not follow such a convention because LabVIEW is a
dataflow language. Each node executes when all of its data is available.
There are no data dependencies to guarantee the desired order of execution
in the above block diagram. In fact, there are several possible solutions,
depending on how the VI compiles. You cannot assume that the code located
at the bottom of the block diagram executed after the code above it.

The above example illustrates what is known as a race condition. The result
of your program depends on the order in which its instructions execute, and
the code might not execute in the order you assume. If you use local and
global variables, you might have a race condition if you notice that your
code executes correctly only some times, or that it executes correctly during
execution highlighting but not during normal execution.
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To avoid race conditions, write to a local or global variable at a location
separate from where you read from it—in different locations of the block
diagram or structure, or in different structures or VIs. When using global
variables in VIs that execute in parallel, you might want to use an additional
Boolean global variable that indicates when a global variable’s data has
changed. Other VIs can monitor this Boolean to see if the data has changed
and read the new value.

Use Local and Global Variables Only When Necessary

Local and global variables are powerful tools that you can use to accomplish
useful goals. For example, you can create parallel loops on a single block
diagram that are controlled with one front panel object, or you can send data
between separately running VIs. However, local and global variables are
inherently not part of the LabVIEW dataflow programming concept. Block
diagrams can become more difficult to read when using local and global
variables. Race conditions can cause unpredictable behavior. Accessing data
stored in a local or global variable is slower than using dataflow and less
memory efficient. Therefore, use local and global variables sparingly and
only when necessary.

For example, do not use locals and globals to avoid long wires across the
block diagram or to access values in each frame of a sequence structure.
Consider the following block diagram.

'DDDDDDDDED[Dz]tFDDDDDDDL‘I

Mumnber of Readings

mE

etpoint

Caonfig
TEST

5 ampling R ate|

OO0O0000000000000000000
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D atal
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OOooOoOoOOO0oooOoOO0O00oooo00oQn
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This three-frame sequence structure performs the usual tasks for all VIs.
Frame 0 reads the controls on the panel for configuring the test system,
Frame 1 uses the local variables for the controls to acquire data, and Frame 2
uses the locals to write the data to file. Although there is nothing inherently
wrong with using the sequence structure and the local variables in this way,
it is not the most efficient method of using dataflow programming. When
you look at one of the frames, it is not obvious where the values for the
locals are coming from and where they were last updated.

Setpaint

S ampling R ate)

Acquire:
Data

Ooooo oo Oooooo
requence local sequence local

The block diagram shown above eliminates the use of local variables by
putting the original control terminals outside the sequence structure so that
each frame of the sequence now has access to the values. The data are passed
between frames of the sequence through a sequence local.

MHumber of Readings|

132 Diata
| H =

1
: L L e | | L
S ampling B ate Config vequire '\.\."tl:;tt
TEET Data File

The block diagram shown above removes the sequence structure and uses
dataflow to define how the program works. The error clusters define the
execution order of the subVIs and also maintain the error conditions which
are checked at the end with the error handler VI. This is the most efficient
way to build a program and manage data in LabVIEW. Not only is the block
diagram smaller and easier to read, but passing data through wires is the
most efficient method for memory use.
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E. DataSocket

How Does DataSoc

LabVIEW Basics Il Course Manual

So far in this lesson you learned three main things:

* The most efficient way to manage data in the block diagram is through
a direct wire connection.

* Local variables can be used to access front panel objects in multiple
places in the block diagram.

* Global variables can be used to pass data between separate VIs without
using a wire.

There are many other ways to manage data in LabVIEW. This lesson covers
one other method, DataSocket. DataSocket is an Internet programming
technology based on TCP/IP that simplifies data exchange between
computers and applications. With DataSocket, you can efficiently pass data
over the Internet and respond to multiple users without the complexity of
low-level TCP programming.

Therefore, you can use DataSocket to pass live data not only between Vs
running on the same machine but also between VIs running on separate
computers that are connected through a network. You also can use
DataSocket to communicate between LabVIEW and any other
programming language that contains support for TCP/IP, such as Excel,
Visual Basic, C, and so on.

ket Work?

DataSocket consists of two components, the DataSocket API and the
DataSocket Server. The DataSocket API presents a single user interface for
communicating with multiple data types from multiple programming
languages. The DataSocket Server simplifies Internet communication by
managing TCP/IP programming for you.

DataSocket API

DataSocket is a single, unified, end-user API based on URLs for
connecting to measurement and automation data located anywhere, be it
on a local computer or on the Internet. It is a protocol-independent,
language-independent, and OS-independent API designed to simplify
binary data publishing. The DataSocket API is implemented so you can use
it in any programming environment and on any operating system.

The DataSocket API automatically converts your measurement data into a
stream of bytes that is sent across the network. The subscribing DataSocket
application automatically converts the stream of bytes back into its original
form. This automatic conversion eliminates network complexity, which
accounts for a substantial amount of code that you must write when using
TCP/IP libraries.

3-26 ni.com



Lesson 3 Data Management Techniques

DataSocket Server

The DataSocket Server is a lightweight, stand-alone component with which
programs using the DataSocket API can broadcast live measurement data at
high rates across the Internet to several remote clients concurrently.

The DataSocket Server simplifies network TCP programming by
automatically managing connections to clients. Access the DataSocket
Server by selecting Start»Programs»National Instruments»
DataSocket»DataSocket Server. When you select the DataSocket Server,
it opens the following window and begins running.

[ DataSocket Server ==

Server Help

Statigtics for "Custeddd lagstalf. npg.ispchannel.co

Processes connected: a
MHumber of packets: ’07

As shown above, the DataSocket Server keeps track of the number of clients
connected to it as well as how many packets of data have been exchanged.
You can select to have the DataSocket Server run hidden by selecting
Hide DataSocket Server from the Server menu.

Broadcasting data with the DataSocket Server requires three actors—a
publisher, the DataSocket Server, and a subscriber. A publishing application
uses the DataSocket API to write data to the server. A subscribing
application uses the DataSocket API to read data from the server. Both the
publishing and the subscribing applications are clients of the DataSocket
Server. The three actors can reside on the same machine, but more often the
three actors run on different machines. The ability to run the DataSocket
Server on another machine improves performance and provides security by
isolating network connections from your measurement application. The
DataSocket Server restricts access to data by administering security and
permissions. With DataSocket, you can share confidential measurement
data over the Internet while preventing access by unauthorized viewers.

A URL to Any Data Source

Before you can start using the DataSocket functions in LabVIEW, you need
to understand how DataSocket connects to different I/0 technologies and
how you name the device or resource you are transferring data to or from.
For example, in file I/O the resource name is a file path. For TCP/IP there
are two parts to the name, a machine name and a port number. With
DataSocket, the resource name is in the form of a URL, or uniform resource
locator, much like the familiar web address used by a web browser. Consider
how a web browser would interpret the URL ni . com/datasocket. Ittells
the browser to use the TCP/IP-based protocol called HTTP, or hyper text
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transfer protocol, to connect to the machine named ni . com and to fetch the
web page named datasocket.

The URL is different from the names used by most I/O technologies in that
it not only defines what you are interested in but also indicates how to get it.
The how encoded in the first part of the URL is called the access method of
protocol. Web browsers typically use several access methods, such as HTTP,
HTTPS (encrypted HTTP), FTP (file transfer protocol), and FILE (for
reading files on your local machine). DataSocket takes the same approach
for measurement data. For example, DataSocket can use the following URL
to connect to a data item: dstp://mytestmachine/wavel. The dstp in
the front tells DataSocket to open a data socket transfer protocol connection
to the test machine and fetch a signal called wavel. Had the URL started
with file, the data would have been fetched from a file instead of the
DataSocket server.

The DataSocket Functions

LabVIEW Basics Il Course Manual

The DataSocket API in LabVIEW is a palette of functions and VIs located
in the Functions»Communication»DataSocket palette.

DataSocket communication is simple. You can do all the basic operations
with the following functions and Vls.

URL duplicate URL
data ==&
21O jfy === ermar auk

The DataSocket Write function writes the data input to the specified URL.
The data can be in any format or LabVIEW data type. The error in and
error out clusters maintain the error conditions.

URL duplicate URL
bype [Wariart] = | W B= dats
rnz tirmeaut [10000] n—f cich e timned ot
&Il i error ot

vaait for updated walug [T] e

The DataSocket Read function reads the data type specified by type from the
specified URL. The ms timeout value has a default of 10 seconds and you
can specify a different timeout value. The timed out Boolean indicates a
TRUE if this function timed out. The error in and error out clusters
maintain the error conditions.
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Optionz (0] ———
StartURL [empty] IJRL Selected
Title [Select URL) ~ Select =~ AL
Errar in [fo erpor] === F===Teem Epor ot
—

Filter [ermpty]

The DataSocket Select URL VIis only used when you do not know the URL
for an object and you want to search for a data source or target from a dialog
box.

Direct DataSocket Connection to Any Panel Object
You do not need to use the DataSocket Write and DataSocket Read
functions to publish and subscribe data using the DataSocket Server. You
can establish a DataSocket connection from a front panel object. Right-click
any front panel object and select Data Operations»DataSocket
Connection to display the DataSocket Connection dialog box.

In the Connect To field, enter a URL and select whether you want to
publish, subscribe, or both. Then check the Enabled box.

When you click the Attach button, the front panel object is now available at
the specified URL in the DataSocket Server. A small rectangle in the top
right of the control or indicator appears, indicating the status of the
DataSocket connection. If the rectangle is green as shown below, the
connection is good.

Humeric

‘;JIE.DD =

If the rectangle is gray, there is no connection to the server at that time. If the
rectangle is red, the connection has an error.

Now build two Vs that transfer data using DataSocket.
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Exercise 3-5 DS Generate Data VI and DS Read Data VI

Objective: To build two Vs that use DataSocket to transfer data.

Build a VI that generates a random number and displays this value in a meter
and sends the data to a DataSocket URL. Then build a second VI that reads
the DataSocket URL and displays the value in a slide. Last, use the
automatic publish and subscribe features to send the data through a
DataSocket connection.

Front Panel

b eter
20 4]0 E| 2 a0
00 \1 0.0
« \
URL
|dstp:£a’lncalhosta’data1 STOF

1. Open anew VI and build the front panel shown above. The URL object
is a string control.

Block Diagram

AL D1 ataSocket wiike Simple Error Handler.vi

B

B | e

ait Lintil Mext ms Multiple]

1000 o

2. Open and build the block diagram shown above using the following

components:
a. While Loop, available on the Functions»Structures
[ palette—Structures the VI to continue running until you press the
Stop button. Right-click the Conditional terminal and select Stop If
True.
1) b. Wait Until Next ms Multiple function, available on the Functions»

Time & Dialog palette—Causes the While Loop to execute once per
second. Create the constant by right-clicking the input terminal and
selecting Create»Constant.
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c. Random Number (0-1) function, available on the Functions»
Numeric palette—Creates a random number between zero and one.

I> d. Multiply function, available on the Functions»Numeric
palette—Multiplies two numbers together and is used here to scale
the random number to be between zero and 10.

e. DataSocket Write function, available on the Functions»
Communication»DataSocket palette—Writes the random data
value to the specified URL.

f. Simple Error Handler VI, available on the Functions»Time &
Dialog palette—Opens a dialog box if an error occurs and displays
the error information.

3. Save this VI as DS Generate Data.vi.

4. Now build the second VI to read the random value.

Front Panel

Slide JRL
10.00- | dstp/ localhost/datal
g.00-
E.0O0-
4.00-
200-

0.oo-

1. Open anew VI and build the front panel shown above. The URL object
is a string control. To show the scale on the slide indicator, right-click
the slide and select Scale»Style.

Block Diagram

DataSocket Bead| [Shide Simple Errar Handler. vi

DEL constant

0.0

ait Lntil Mext ms Multiple]

000 o

m .......

2. Open and build the block diagram shown above using the following
components:

a. While Loop, available on the Functions»Structures
palette—Structures the VI to continue running until you press the
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Bz

0.0
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Stop button. Right-click the Conditional terminal and select Stop If
True.

b. Wait Until Next ms Multiple function, available on the Functions»
Time & Dialog palette—Causes the While Loop to execute once per
second. Create the constant by right-clicking the input terminal and
selecting Create»Constant.

c. Numeric Constant, available on the Functions»Numeric
palette—Creates the correct data type to read the value through
DataSocket. Make sure this constant is a DBL by right-clicking it
and selecting Representation»Double Precision from the shortcut
menu.

d. DataSocket Read function, available on the Functions»
Communication»DataSocket palette—Reads the random data
value from the specified URL.

e. Simple Error Handler VI, available on the Functions»Time &
Dialog palette—Opens a dialog box if an error occurs and displays
the error information.

Save this VI as DS Read Data.vi.

Position the front panels of the DS Generate Data and DS Read Data VIs
so that you can see both front panels.

Start the DataSocket Server by going to the Start menu and selecting
Programs»National Instruments»DataSocket»DataSocket Server.
The DataSocket Server window, similar to the one below, appears.

[ DataSocket Server ==

Server Help

Statigtics for "Custeddd lagstalf. npg.ispchannel.co

Processes connected: a
MHumber of packets: ’07

Return to the two VI front panels and make sure that the URLSs have been
entered the same for both VIs.

* dstp—The DataSocket transfer protocol.

* localhost—The current computer you are using.

e datal—The name given to the random number you will be sending.
Run the DS Generate Data and the DS Read Data Vls.

The DataSocket Server window shows one process connected, and the
Number of packets value increments each second as the meter and slide
show the same random numbers.
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Stop both VIs when you are finished. Now modify the VIs to use the
automatic publish and subscribe capabilities of front panel objects.

Slide LRL
10.00- | dstp: A localhost /datat
8.00-

sl Randorm Mumnber

4.00- I_EI.DEI

2.00-

0.o00-

Place a digital indicator on the front panel of the DS Read Data VI as
shown above.

Right-click the new digital indicator and select Data Operations»
DataSocket Connection from the shortcut menu. Enter the following
values.

[E> DataSocket Connection

Connect To:

Idstp:h’localhosh"data1 Browse... |

Caonnection Type
i Publish ¥ Enablad

% Subscribe Dnly enabled connections publish and/or
¥ Publish and Subscribe subscribe data when ¥l runs.

Attach I Femove | Cancel |

Click the Attach button and a little gray rectangle appears to the top
right side of the digital indicator. This indicates that the DataSocket
connection is not active.

Run the DS Generate Data and DS Read Data VIs again.

The rectangle next to the Random Number indicator turns green, and the
value matches the values shown in the meter and the slide.

@ Note If your computer is on a network with the other computers used in class, you can
type in URLSs for other machines on the network and transfer the values between
classroom computers. Remember that you can use any programming language or
operating system with DataSocket connections. Go to the National Instruments
DataSocket web page, at ni . com/datasocket, for more information.
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13. Stop and close both VIs and the DataSocket Server when you are
finished.

End of Exercise 3-5
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Summary, Tips, and Tricks

© National Instruments Corporation

DataSocket is an Internet-based method of transferring data that is
platform-independent, programming language-independent, and
protocol-independent. DataSocket uses URLs to specify the specific
data connection.

DataSocket consists of two parts, the DataSocket API and the
DataSocket Server.

The DataSocket API for LabVIEW consists of the Functions»
Communication»DataSocket palette. The two main functions are
DataSocket Write and DataSocket Read.

You can have any control or indicator publish and/or subscribe data
through the DataSocket Server by right-clicking that front panel object
and using the Data Operations»DataSocket Connection window.

You can use global and local variables to access a given set of values
throughout your LabVIEW application. These variables pass
information between places in your application that cannot be connected
by a wire.

Local variables access front panel objects of the VI in which you placed
the local variable.

When you write to a local variable, you update its corresponding front
panel control or indicator.

When you read from a local variable, you read the current value of its
corresponding front panel control or indicator.

Global variables are built-in LabVIEW objects that pass data between
VIs. They have front panels in which they store their data.

Always write a value to a global variable before reading from it, so that
it has a known initial value when you access it.

Write to local and global variables at locations separate from where you
read them to avoid race conditions.

Use local and global variables only when necessary. Overuse can cause
slower execution and inefficient memory usage in your application.

Local and global variables do not use dataflow, so if you use them too
frequently, they can make your block diagrams difficult for others to
understand. Use locals and globals wisely.
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Additional Exercises

3-6

3-7

Open the In Range VI. Examine the block diagram. This simple VI
generates five random numbers and turns on an LED if the last
number generated is between 0.1 and 0.9. Run the VI several times
until the LED turns on. Notice that if the LED turns on during one
run of the VI, it remains on during the second run until the For Loop
completes and the last number is passed to the In Range? function,
available on the Functions»Comparison palette. Modify the VI
using a local variable so that the LED is turned off when the VI starts
execution. Save your VI after you have finished.

As mentioned earlier, the transfer of data through a global variable
is not a synchronized process. If you try to read data from a global
variable too quickly or slowly, you may read copies of the same
value or skip data points entirely. This was shown in Exercise 3-4,
where you could adjust the time delay between reads of the Data
Value global faster or slower than the data was actually available.

Modify Data to Global and Display Global Data, from Exercises 3-3
and 3-4, so they use a handshaking protocol to make sure that no data
points are skipped or read multiple times. Set up an additional
Boolean in My Global.vi named Handshake, which will be used
to indicate when VIs are ready to send or receive data. In the Data to
Global VI, make sure to set the Handshake global Boolean to
FALSE before it passes a new data point to the Data Value numeric.
In Display Global Data, set the Handshake Boolean to TRUE
before it attempts to read the numeric data. In both VIs, make sure
to set the Handshake Boolean so the other VI knows when to
access the variable.

Name the new global Boolean Handshake Global.vi, and the
other two VIs Data to Handshake Global.vi and Display
Handshake Global.vi.

Challenge

3-8

Open the Select and Plot Waveform VI from Exercise 3-2. Use the
information at the end of Section D to rewrite this VI to no longer
use the sequence structure and local variables.

@ Tip Use a state machine architecture and pass data using shift registers or direct wire

connections.
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Save the VI as Select and Plot Waveform2.vi.
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Notes

© National Instruments Corporation 3-37 LabVIEW Basics Il Course Manual



Lesson 3 Data Management Techniques

Notes
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Lesson 4
Advanced File 1/0 Techniques

]

When implementing subVIs for file I/O, you might need to account for
different file formats. For example, if a third-party application needs to read
data acquired by LabVIEW, you should save that data in text format because
most applications have support for text files. On the other hand, if only
LabVIEW will access the data, and file size is critical, binary files are a
better choice. Advanced File I/O techniques and the built-in file I/O
functions allow this flexibility.

You Will Learn:

How to work with byte stream files.
How to create and work with datalog files.

About streaming data to disk.

S awp

About the advantages and disadvantages of text, binary,
and datalog files.

Application SubVls You Will Build:

A. Save Data to File VI
B. View Analysis File VI
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A. Working with Byte Stream Files

LabVIEW's file I/O functions make working with byte stream files, or text
and binary files, quite simple. You use the same functions to manipulate
these files. However, when working with binary files, the data is generally
not in a readable form. Also, because you cannot rely on special characters
such as the <Tab> and <Return> keys, you must know the structure of the
data stored in the file before reading it. Without this knowledge, you cannot
successfully interpret the data stored in the binary file.

Frequently Used File I/0 Functions

@ Note Refer
functions.

LabVIEW Basics Il Course Manual

Before describing byte stream files in detail, we will first briefly review the
basic LabVIEW file I/O functions. These functions are located on the
Functions»File I/0 and Functions»File I/O»Advanced File Functions
palettes.

to the Help»Contents and Index for more information about these

The File Dialog function on the File I/O»Advanced File Functions palette
displays a file dialog box for file selection. You can select new or existing
files or directories from this dialog box. We will describe the use of the
datalog type input later in this lesson.

profmpt eeeemeeeny
start path path
select mode [2) - % """"""""" erizts
default namemj""“ """"" b pancelled
pattern
datalog type
File Dialog

The Open File function on the File I/O»Advanced File Functions palette
opens an existing file. You must wire a valid path to the file path input. This
function is not capable of creating or replacing files. It opens only existing
files. The datalog type input is used only when opening LabVIEW datalog
files.

datalog type sy
file path OFEN
open mode (0] —'_ﬁ
deny mode [2] f‘_m errar out

2707 i

refrum

Open File
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The New File function on the Functions»File I/O»Advanced File
Functions palette creates a new file for reading or writing. You must wire a
path to the file path input. Use the datalog type input only when creating
new LabVIEW datalog files.

datalog type
pEMIZzions:
file path
group ~

deny mode [2]
EIror in
ovennrite [F

refrum

Jpecmcs grrar Uk

New File

The Write File function on the Functions»File I/0 palette writes data to an
open file. The behavior of this function varies slightly depending on whether
you are writing data to a byte stream file or to a LabVIEW datalog file.

corvert eol [F)

header [F]
refnum FILE dup refrum
pos made [0:2] - = offzet
pos offzet [0] | p=lis) B pror out
EIror in mjm
data
Write File

The Read File function on the Functions»File I/O palette reads data from
an open file. When reading byte stream files, you can use the byte stream
type input to indicate how LabVIEW should interpret data in the file. We
will describe this concept later in this lesson.

convert eol [F)

line mode [F] - :
refnum FILE [ dup refrium
pos mode [0:2] - data
pos offzet [I_:I] E—LE: = B offet
EIror in error out
count

byte stream tepe
Read File

The Close File function on the Functions»File 1/0 palette closes the file
associated with refnum.

refnum
2707 i

path
errar out

Close File
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Byte Stream Files

You can use the Write File function to create both types of byte stream
files—text and binary. Creating a text file is as simple as sending a string
containing characters to the Write File function.

Fil= Dialog)  [Mew File] rite File Cloze File] [Simple Emor Handler.
et file @ path NE[“_' refrium |y m_ .
o= e
erar

When to Use Text Files

LabVIEW Basics Il Course Manual

Text files are useful and common for many reasons. Almost every operating
system and a majority of software applications can read and write files in
text format. Historically, most instrument control applications, such as
GPIB and serial, use text strings to send control statements.

Because of the universality of the text format, there are several situations
where text files are preferable for data storage. For example, text files are
preferable when you plan to read or manipulate the data with other software
applications, such as spreadsheet or word processing applications.

Text files also have some significant disadvantages. It is difficult to
randomly access numeric data in text files. Although each character in a
string takes up exactly one byte of space, the space required to express a
number as text typically is not fixed. To find the ninth number in a text file,
LabVIEW must first read and convert the preceding eight numbers.

You might lose precision if you store numeric data in text files. Computers
store numeric data as binary data, and typically you write numeric data to a
text file in decimal notation. A loss of precision might occur when you read
the data from the text file. Loss of precision is not an issue with binary files.

As shown in the previous block diagram, the Write File function skips over
any header information that LabVIEW uses to store the string in memory
and writes the contents of the string data control to the file. In fact, the Write
File function does not distinguish a text string from a binary string when
writing the data to the file—it places the data in the file. The data terminal
of the Write File function is polymorphic, which means that it adapts to any
kind of data you wire into it. Thus, you can create a binary file by wiring
binary data to the Write File function in the previous example. However, you
will find that header information is vital for interpreting the binary file.

For example, if you wire a two-dimensional array of numbers into the data
terminal, the Write File function places a byte-for-byte copy of the input
data into the file. It does not convert the numbers to text, nor does it place
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any information about the number of rows or columns in the array into

the file. Even if you know that the data were originally single-precision
floating-point numbers, you cannot successfully reconstruct the
two-dimensional array. If the file contains 24 bytes of data, and knowing
that single-precision floating-point numbers use four bytes of memory each,
you can figure out that the array contained six values (24/4 = 6). However,
the original data might have been stored in a one-dimensional array of six
elements, a two-dimensional array with one row and six columns, or a table
with three columns and two rows.

When to Use Binary Files

Compared to text files, binary files require less disk space to store the same
amount of information. Binary files allow you to randomly access numeric
data stored in the file. However, binary files are generally not portable to
other applications. Also, you must carefully document the details needed to
extract information stored in a binary file.

Creating Header Information for a Binary File

When you create binary files, designing an appropriate header for the file is
often the single most important task. You can create the header information
by explicitly generating a header or by using the header input of the Write
File function. The following example shows how to explicitly generate a
header that contains the number of rows and columns of data.

Filz Dialog)  [Mew Filg] rite: File [wribe File

iite File]|Close Filg][Simple Emor Handler. i

|0 hiE filel—

3| rath “ﬁhl refrum |2

B a2

data -t
[5@1] &=

ray Gize] To Hrows

EJJ & Heoolumng

You also can generate the same file using the header input of the Write File
function. If you wire a Boolean value of TRUE to the header input of the
Write File function, it writes the same data to the file as if you had manually
written a header. The following example shows how to use the Write File
function to create a binary file with a header.

Fil= Dialog]  [Mew Fil] Cloze File] [Simple Emor Handler. i
e file path [ e | LIS @
] iy e
dats e rie: File
| XTI | FE————————
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Using the previous block diagram example, if you again wire a
two-dimensional array of single-precision numbers with three rows and
two columns, the file would contain 24 bytes of data and two additional long
integers, four bytes each, as header information. The first four bytes
contains the number of rows in the array; the second four bytes contains the
number of columns.

As shown in the following example, you can read the binary file from the
previous examples by using the Read File function.

Cloze File] [Simple Emor Handler. wi
Im 0
e
[durmmy 2-d array of [SGL]|§|] """ i el [56L] |

as

Fil= Dialog]  [Open File]

r zwisting Fil path ([T} v
exizting file % %

errar

Notice that the byte stream type input of the Read File function has a
two-dimensional array of single-precision numbers wired to it. The Read
File function uses only the data type of this input to read the data in the file,
assuming that it has the correct header information for that data type.

Random Access in Byte Stream Files

If you store arrays of numeric data in a file, you might find it necessary to
access data at random locations in the file. You cannot randomly access data
stored in text files when the data contains negative signs, varying number of
digits in individual data points, and other factors. For example, if you have
an array of 100 numbers ranging in value from O to 1,000, you cannot
predict where a given element in the array is located within the text file. The
problem is that in text, the number 345 requires three bytes of storage, while
the number 2 requires only one byte. Therefore, you cannot predict the
location of an arbitrary array element in the file.

Such obstacles do not occur in binary files. In a binary file, the flattened
format of a number in LabVIEW is a binary image of the number itself.
Therefore, each number in the array uses a fixed number of bytes of storage
on disk. If you know that a file stores single-precision numbers, which use
four bytes per number, you can read an arbitrary group of elements from the
array, as shown in the following example.
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oz mode [1:2
Ak shart [56L]

select mode [7]] [l Dislogl  [Dpen File] Fead File Cloze File] [Simple Error Handler vi
. e . Iur I.“I I.m =
+ existing file ~|-{GIAP| path refum L' elEl @
: = = el o

errar

0.00
[bvte stream type [SGL]

index of 15t element to read|

pos affaet

4 bytes / SGL number||4 # of values to read

[zalculate nurmber of bytes from the
beginning of the file to begin reading data]

In the previous block diagram example, the pos mode input of the Read File
function is set to start, which means that the function begins reading data
at pos offset bytes from the beginning of the file. The first byte in the file
has an offset of zero. So, the location of the n element in an array of
single-precision floating-point numbers stored in this file is 4 x n bytes from
the beginning of the file. A single-precision floating-point constant, wired
to the byte stream type input, tells the Read File function to read
single-precision floating-point values from the file. The # values to read
control, connected to the count input of the Read File function, tells the
function how many single-precision elements to read from the file. Notice
that when the count input is wired, LabVIEW places the output data in an
array, because LabVIEW reads more than one value from the file.

The following points are important to remember about random access
operations:

*  When performing text and binary file I/O, remember that values for the
pos offset terminal are measured in bytes.

* The count input in the Read File function controls how many bytes of
information are read from the file when the byte stream type input is
unwired. The data read from the file is returned in a string.

* If the byte stream type input is wired, the data output of the Read File
function is of the same data type as the byte stream type input when the
count input is unwired.

» If the byte stream type input is wired and the count input has data
connected to it, then the Read File function returns an array containing
count elements of the same data type as the byte stream type input.

* Refer to the LabVIEW Help and the LabVIEW User Manual for more
information about random access operations and byte stream files.
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Exercise 4-1

Binary File Writer VI

Objective: To build a VI that writes data to a binary file with a simple data formatting scheme.

This VI saves data to a binary file using a simple formatting scheme in
which the file’s header is a long word integer (I32) containing the number
of data points in the file. In the next exercise, build a VI that reads the binary
file.

Front Panel

1.

Open a new VI.

2. Build the following front panel. When you create the menu ring, recall

that a shortcut for adding a new item to the list of options is to press
<Shift-Enter> after entering the text for an item in the list. Enter Zero
foritem O in the list, Sine foritem one, and so on. To view the numeric
value of the menu ring, right-click the control and select Visible
Items»Digital Display.

Macintosh, <Shift-Return>; Sun, <Shift-Return>; HP-UX, <Shift-Enter>; and
Linux, <Shift-Enter>

@ Note The appearance of the menu ring control varies from one platform to the next.

Select W avetorm waveform Graph Poto

Sine o '

*Menu Ring®
Elements:

Reprezentation -x 16

MHurnber af Data Paoints

100

*Digital Indicator®
R eprezentation -» [32

£erm
Sine
Square
Sawtooth

Amplitude

3. Open the block diagram.
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Block Diagram
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4. Build the following block diagram.

Open/Create/Replace File.wi Wwiite File  Cloze File  Simple Error Handler vi

FILE LOSH"
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Signal
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o
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t
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Signal
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Place the Open/Create/Replace File VI located on the
Functions»File I/O palette on the block diagram. This VI creates or
replaces a file.

Place the Write File function located on the Functions»File I/O
palette on the block diagram. This function appears twice in this
exercise. The first function writes the binary file’s header
information, which is a four-byte integer containing the number of
values written to the file. The second instance writes the array of data
to the file.

Place the Close File function located on the Functions»File I/O
palette on the block diagram. In this exercise, this function closes the
binary file after data has been written to it.

Place the Simple Error Handler VI located on the Functions» Time
& Dialog palette on the block diagram. In the event of an error, this
VI displays a dialog box with information about the error and where
it occurred.

To create this constant, right-click the pos mode input of the Write
File function and select Create»Constant. Set the position mode to

start to ensure that new data are written relative to the beginning
of the file.

To create this constant, right-click the function input of the
Open/Create/Replace File VI and select Create»Constant. By
selecting create or replace, you allow the user to create a new file
or overwrite an existing file.

Place the Acquire Signal VI located on the Functions»User
Libraries»Basics-II Course palette on the block diagram. In this
exercise, this VI generates the waveform selected by the Select
Waveform control.
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T;;J h. Place the Array Size function located on the Functions»Array

= palette on the block diagram. In this exercise, this function returns
the number of elements in the 1D array of data to be written to the
file.

5. Save the VI as Binary File Writer.vi.Runit, saving data to the
file on disk named data.bin.

End of Exercise 4-1
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Exercise 4-2 Binary File Reader VI

Objective: To build a VI

Front Panel
1.

W aveformn Graph Flat 0 m

2.

Block Diagram
3.

that reads the binary file created in the last exercise.

Open a new VI and build the following front panel.

10.0+

h.0-
Mumnber of Data Paintz

.

“Digital Indicator®
Reprezentation -> [32

Amplitude
[
-
1

-5.0-

-1 I:I-I:I_l ] ] ] 1 1
] 20 40 =11 3l 100

Time

Open the block diagram.

Build the following block diagram.

Mumber of Data Points

Open/Create/Replace File.wi  Read File Cloze File Simple Error Handler vi
FILE ] FILE [ %
5o e = @
byte stream tppe = 132 EJ count

W aveform Graph
byte stream tppe = DBEL |0.00

e,
z [

FILE _
EF

© National Instruments Corporation

a. Place the Open/Create/Replace File VI located on the
Functions»File I/O palette on the block diagram. This VI opens a

file.

b. Place the Read File function located on the Functions»File 1/O
palette on the block diagram. This function appears twice in
this exercise. The first function reads the binary file’s header
information, which is a four-byte integer containing the number of
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0.00

6.

elements in the array stored in the file. The second instance reads the
array of data from the file.

c. Place the Close File function located on the Functions»File I/0
palette on the block diagram. In this exercise, this function closes the
binary file after data has been read from it.

d. Place the Simple Error Handler VI located on the Functions»Time
& Dialog palette on the block diagram. In the event of an error, this
VI displays a dialog box with information about the error and where
it occurred.

e. Place the Numeric constant located on the Functions»Numeric
palette on the block diagram. You must create an I32 constant so the
Read File function knows what data type to expect. 32 is the default
data type for numeric constants.

f. Place the Numeric constant located on the Functions»Numeric
palette on the block diagram. Create a double-precision constant so
the Read File function knows what data type to expect. Because the
default data type for numeric constants is 132, right-click the
constant and select Representation»Double Precision.

Return to the front panel. Save the VI as Binary File Reader.vi.
Run the VI. Open the data.bin file created in Exercise 4-1.

After the file opens, the Read File function uses the byte stream type

input, which has a long integer, four bytes, wired to it, to read the first

four bytes from the file. The function displays the number in the Number
of Data Points indicator, which shows how many numbers were stored
in the file. Recall that this header was created by the Write File function
in the Binary File Writer VI in Exercise 4-1.

The second Read File function reads the array of data points from the
file using the byte stream type input, which has a double-precision
floating-point value wired to it. The count input specifies how many
values should be read from the file.

Close the VI.

End of Exercise 4-2

LabVIEW Basics Il Course Manual
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B. LabVIEW Datalog Files

If your data has a mixture of data types, formatting it into text or binary
strings for storage can be tedious or inefficient. LabVIEW datalog files use
a data storage format for saving records of data of an arbitrary data type.
For example, you might want to save records of data that contain several
hundred data points, including a date and time stamp for each set.

A datalog file stores information as a series of records of any data type.
Although all of the records in a file must be of the same type, those records
can be arbitrarily complex. Each record is written to the file as a cluster
containing the data to be stored. In the following example, each record
consists of a cluster containing the name of the test operator, information
about the test, a time stamp, and an array of numeric values for the actual
test data.

Data Record
Cperator
Test Hame
Time
Test Data
P
,J 0 | “Noo0

Use the same file I/O functions to work with datalog files that you use for
byte stream files. However, you use the data type input differently for
datalog files. To create a new datalog file, wire a cluster matching the data
record cluster to the datalog type terminal of the New File function. This
cluster specifies how the data is written to the file. Then wire the actual data
record to the data terminal of the Write File function. The datalog type
cluster wired to New File need not be an actual data record—you need it
only to establish the type of data that you can store in the file. The following
example shows how to create a new datalog file.

rite: File] [Cloze File] [Simple Emar Handler v

File Dialog| [Mew Filg]
HEW FILE [g) CLOSE"
o & e
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To read the record of information from the datalog file, you must wire an
input to the datalog type of the Open File function that exactly matches the
data type of the records stored in the file. The following example shows how
to open and read an existing datalog file.

Fiead Filg| [Close Filg] [Simple Ermor Handler. i

data recard

Fil= Dialog) [Open File]

o & [t

@ Note The cluster wired to the datalog type input of the Open File function must be
identical to the cluster used to create the file and write data to it, including numeric data
types and cluster order.

When the count input of the Read File function remains unwired, the
function reads a single record from the datalog file. If you wire an input to
the count terminal, Read File returns an array of records.

When to Use Datalog Files

You can use datalog files to store and retrieve complex data formats in
LabVIEW. However, datalog files, like binary files, do not have an
industry-standard format for storage. Thus, they are virtually impossible to
read with software applications other than LabVIEW. Datalog files are most
useful if you intend to access the data only from LabVIEW and need to store
complex data structures.
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Exercise 4-3 Save Data to File VI
Objective: To finish a VI that saves data in a text, binary, or datalog file.

@ Note Completing this VI enables the Log Results to File option in the Analyze and
Present Data VI from Exercise 2-7. Recall that you will use Exercise 4-3 in the project in

Lesson 5.
In the application being developed, you need to save a mixed data set to
disk. This data set contains simple numerics, arrays of numerics, and string
data. In addition, this data is used only in LabVIEW. Because of these
requirements, you will use datalog files to save the application’s data subsets
to disk.
Front Panel

1. Open the Save Data to File VI in exercises\Basics2 directory.
The front panel is already built.

The two controls on the front panel are used to pass application data to
this VI, which functions as a subVI in the finished project. The Data
Cluster will contain the subset of analyzed data to save to disk, and the
Employee Name string will contain the Operator name to save to

the file.

20
S [
: -
€

2. Open the block diagram.
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Block Diagram

3. Complete the Case structures for the following block diagram. The cases
that are not shown are already built.

prompk
I ame for the nev data file:| Simple Errar
select moda i i Mew File  ‘Write File  Cloze File  Handler.vi

e e

Save Subset az Datalog file

L)
C.

W pEw file
Mamne for the new| -

data file:

HEW]"| €.

hbwi]
FILE f

1]
LLISE"| o

chiilly
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Delete the Boolean constant labeled Delete Me.

Place the File Dialog function located on the Functions»File
I/0»Advanced File Functions palette on the block diagram. This
function prompts for the name of the new file. Connect the output of
the exists and cancelled terminals to the inputs of the OR function.
Wire the exists value to the Case structure as shown in the previous
block diagram.

To create this constant, right-click the select mode input of the File
Dialog function and select Create»Constant. With the Operating
tool, set this constant to the value new file.

To create this constant, right-click the prompt input of the File
Dialog function and select Create»Constant. This string displays a
prompt message in the file dialog box.

The outside Case structure writes the data to a LabVIEW datalog
file. Notice that bundling the Employee Name and Data Cluster
together provides the data type for the datalog file.

Place the New File function located on the Functions»File
I/0»Advanced File Functions palette on the block diagram. This
function creates the new file. Notice that the datalog type input to
this function must receive an input.

Place the Write File function located on the Functions»File I/O
palette on the block diagram. This function writes a record to a
datalog file.

Place the Close File function located on the Functions»File I/O
palette on the block diagram. In this exercise, this function closes the
file after the data is written to it.
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h. Place the Simple Error Handler VI located on the Functions» Time
& Dialog palette on the block diagram. In the event of an error, this
VI displays a dialog box with information about the error and where

it occurred.

4. After you finish the VI, save and close it.

5. Open Analyze and Present Data.vi, which you completed in
Exercise 3-3. This VI calls Save Data to File VI. When you run this VI
and click the Log Results to File button, a dialog box in the Save Data
to File VI appears so you can name the data file to save. Once you select
the filename, LabVIEW saves the data set as a datalog file.

End of Exercise 4-3
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Exercise 4-4

niques

View Analysis File VI

Objective: To study a VI that reads data files created by the Save Data to File VI from
Exercise 4-3.

This VI reads and displays the data stored by the Save Data to File VI.

@ Note You will use this VI in Lesson 5.

Front Panel

LabVIEW Basics Il Course Manual

1. Open the View Analysis File VI in exercises\Basics2 directory.
This VI has already been built.

Data Collected by

Drata Cluster

[ ata from File

1.0-
0.8-
0.6~
0.4-
0.2-
0.0-

0.2-

0.4-

0.6~

0.6~

1.0-}

0.0

Amplitude

Drata m

Ma. of Paints

2. Open the block diagram.
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Block Diagram

Select a data file: |

Drata Cluster

|ritial Claster

True caze iz empty.

3. Examine the behavior of the VI. If the user cancels the file dialog box,
nothing happens.

Notice that the datalog type input of the File Dialog function is wired
to a dummy cluster of the same data type to be read. This connection
causes the LabVIEW file dialog to display only directories and files of
the appropriate data type. Once the file is selected, the file is opened as
a datalog file and a single data record is read. Finally, notice the use of
error checking in this application.

4. After you run the VI and test it, close it. Do not save any changes.

End of Exercise 4-4
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C. Streaming Data to Disk

When your application repeatedly acquires data and writes it to disk, you
can improve the efficiency of the file I/O operations if you do not open and
close the file each time you access it. The technique of leaving files open
between the write operations is called disk streaming. Disk streaming is a
technique we have used in this course without describing its performance
advantages. Refer to Exercise 4-3 for an example of disk streaming.

The following examples show the advantages of using disk streaming. In the
first example, the VI must open and close the file during each iteration of the
loop. The second example uses disk streaming to reduce the number of
times the VI must interact with the operating system to open and close the
file. By opening the file once before the loop begins and closing it after the
loop completes, you save two file operations on each iteration of the loop.

Sirmple Error
rike: File Cloze File] H ardler. vi
FILE CLOSE?
3 S| | [0

Al W avetorm

channels Scan.vi i
e o =
i fH .
] ' L | statuss
umber of scans| B | Bl :

Open/Create/ Simple Error
Replace File.vi rite File Handler. vi
FILE
_____ ] w 'E

| [l aveform

i 1S can.vi
I o

File I/O Example Using Disk Streaming

Disk streaming is especially important when you use the high-level Vs,
such as Write To Spreadsheet File and Write Characters To File. These VIs
open, write, and close the file each time they run. Thus, if you call one of
these VIs in a loop, you perform unnecessary Open File and Close File
operations during every iteration of the loop.
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Summary, Tips, and Tricks

You can use the LabVIEW file I/O functions to work with text, binary,
or datalog files. The same basic operations of Open File, Read File, Write
File, and Close File work with all types of files.

Text Files
Text files are files in which all data is stored as readable text characters. Text
files are useful because almost all software applications and operating
systems can read them. However, text files can be larger than necessary and
therefore slower to access. It is also very difficult to perform random access
file I/O with text files. You typically use text files when:

* Other users or applications will need access to the data file.
* You do not need random access reading or writing in the data file.

* Disk space and file I/O speed are not crucial.

Binary Files
Binary data files are files in which data is stored in binary format without
any conversion to text representation. Binary data files are generally smaller
and thus faster to access. Random access file I/O presents no major
difficulties. However, there is no industry-standard format for binary files.
Thus, you must keep precise records of the exact data types and header
information used in binary files. We recommend you use binary data files
when:

* Other users or applications are unlikely to need access to your data.
* You need to perform random access file I/O in the data file.

» Disk space and file I/O speed are crucial.

Datalog Files

Datalog files are a special type of binary file for saving and retrieving
complex data structures in LabVIEW. Like binary files, they have no
industry-standard format. We recommend using datalog files when:

*  Your data is made up of mixed or complicated data types.

* Other users or applications are unlikely to need access to your data.

* Users who write VIs to access the data know the datalog structure.
Disk streaming is a technique of writing data to a file multiple times without
closing the file after each write operation. Recall that the high-level file VIs

open and close files each time they run, incurring unnecessary overhead in
each iteration of the loop.
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Additional Exercises

4-5  Write a VI that uses the Advanced file I/O functions to create a new
file. Then, write to that file a single string composed of a string input
by the user concatenated with a number converted to a text string
using the Format Into String function. Name the VI File
Writer.vi.

4-6 Write a VI that uses the Advanced File I/O functions to read the file
created in Exercise 4-5. Name the VI File Reader.vi.

@ Tip Use the EOF function located on the File I/O»Advanced File Functions palette to
obtain the length of the written file.
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Notes
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Notes
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Lesson 5
Developing Larger
Projects in LabVIEW
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This lesson describes some of the issues involved when building larger
LabVIEW projects, including the design process, the organization of subVI
components, and the process of combining those components to create a
complete application.

You Will Learn:

A. How to assemble your LabVIEW application from developed subVls.
B. The LabVIEW features for managing project development.
C. About LabVIEW tools for project management.
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A. Assembling a LabVIEW Application

LabVIEW Basics Il Course Manual

Lesson 1 of this course described a general approach to developing
LabVIEW applications. This approach involved a top-down design of an
application, followed by a bottom-up implementation of the project as a
series of subVIs. Following is a review of this development cycle.

Process
Define Project Customer Test & Release
Final Product
Feedback
Design Integrate SubVIs
Flowchart into Project
Implement
Nodes as Vls Test SubVls
Top-Down Bottom-Up

LabVIEW Project Development Process

In this lesson, you will put the VIs built in previous lessons into a large
application. You will develop a generic data acquisition VI that meets the
following criteria:

Provides a menu-like user interface.
Requires the user to log in with a correct name and password.
If the user is not correctly loged in, other features are disabled.

Allows the user to configure the acquisition settings, including sample
rate, number of samples, or to simulate data.

Acquires waveform data with the specified user configuation.

As soon as the data have been acquired, and any time the user selects
thereafter, the user can select a subset of the acquired data, analyze it,
and save the analysis results to a file.

Allows the user to load and view analysis results previously saved to
disk.

Stops the application with the click of a Stop button.
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In Lessons 1 through 4, you concentrated on the bottom elements of the
development process, implementing and testing subVIs which correspond
to nodes of the following project flowchart.

START

¥

STOP :
| | Analyze Current Data

and Save to File

Monitor _
User Interface [+ o Selecfion Mada? ng:c?;éfgn Loggad in?
Menu '
] Log In
Mo
Configure
it button | Acquisition Settings
pressed? *
Collect
Ves Process Data | Process
/ Selection

Load and View
T Analysis File

Developing larger applications in LabVIEW is a different process than
building the relatively straightforward, mostly single-task VIs we have been
working with so far. As you develop larger applications, you will find that
working in teams, controlling source code, and creating an intuitive
hierarchy scheme for your application’s subVIs increases productivity and
improves documentation and application performance.

Teamwork

Business management experts stress the importance of teamwork in
designing solutions for large, complex tasks. When using LabVIEW,
teamwork is a powerful tool for increasing your productivity in graphical
programming. When several people work together to develop a project in
LabVIEW, it is essential that all team members agree on a method of source
code control and organization.
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Source Code Control

As the number of VIs used in your project grows, your development team
should take measures to control the source code of the project. You can use
the built-in VI Revision History window, located in Tools» VI Revision
History, to record changes you make to VIs. Then, you can set up a
check-out system for the VIs.

Third-party development tools that offer a check-out system to protect
project files typically will work with LabVIEW, as long as they can
manipulate binary files. If you use a third-party tool to manage your
project’s files, remember that VIs and LLBs, VI libraries, are binary files.
Therefore, tools that merge source files do not work correctly with
LabVIEW files.

If you use a check-out system and VIs are stored in an LLB, you must check
out the entire library of VIs. Keep this in mind as you work on a project. One
VI management technique is to edit a copy of the VI you want to modify and
lock the original VI to indicate to others that the VI should not be modified.
To lock a VI, enable the Locked setting by selecting Security from the top
pull-down menu in the File»VI Properties dialog box. You should also
indicate that you have checked out the VI by adding a comment in the VI
Revision History window. When you lock a VI, its block diagram cannot be
modified. After you finish modifying the VI, replace the VI stored in the
LLB with the new version and unlock it so others know it is safe to check
out the VL.

To document your VIs, select Description and Tip from the top pull-down
menu in the File» VI Properties dialog box. Control descriptions also
provide online help you can use in the final product.

Using LabVIEW Libraries (LLBs)

You can load and save VIs to/from a special file called a VI library (.11b).
VI library files are useful for organizing VIs. Some of the advantages of
using LLBs are:

* You can use names up to 255 characters in length for your VlIs.

* LLBs store several VIs in a compressed format, which conserves disk
space.

* You can tag VIs to be top level within a library.

* Porting VIs to another platform is simplified because you do not need to
transfer as many files.
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There are also some disadvantages when using LLBs:

* Loading and saving time for applications that use a large number of
subVls stored in LLBs is generally slower than if the subVIs are stored
directly on disk using directories.

* Vllibraries are not hierarchical. You cannot create a VI library within
another VI library, so all VIs and subVIs are at the same level.

*  When LLB files become large, that is, up to several megabytes, saving
edits to a VI stored in a LLB takes longer.

* Recall that the operating system views an LLB as a single file, so when
you save a VI in an LLB, LabVIEW and the operating system must
manipulate a very large file. When working with such large files, you
run a higher risk of running out of memory or disk space when
manipulating the file, increasing the likelihood of corrupting the library
and losing work.

* You cannot use your operating system’s file searching tools to locate VIs
stored in a LLB.

¢ Source code control of VIs stored in LLBs is more difficult.

As arule of thumb, try to limit the size of your LLB to roughly 1 MB.
Whether you store your VIs in an LLB or directly on disk can depend on file
naming restrictions in your operating system or how you select to organize
your files.

Refer to the LabVIEW Development Guidelines manual, available at
ni.com, for more information about designing, building, and testing
applications in LabVIEW complete with a style guide, checklists, and
references.

Creating LabVIEW Applications

You are now going to create the application described on the previous few
pages. The first step in creating a professional, stand-alone application with
VIs is to understand the architecture of your application. You are going to
use the State Machine VI Architecture described in Lesson 1 for this
application. This application contains a single top-level VI that calls all
other VIs as subVls.

In the next four exercises you will build the Application Exercise VI. Each

exercise adds a state or two to the application. This method is used so you
can incrementally test the application as it is being built.
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Exercise 5-1  Application Exercise (5-1) VI

Objective: To use the Login VI created in Exercise 3-1 to provide password security to an
application.

You will begin creating an application that uses several of the VIs you wrote
earlier in the course. The first stage of this development is to add a user login
procedure to the Menu VI created in Exercise 2-3.

Front Panel

1. Open the Menu VI in the exercises\Basics2 directory. You created
this VI in Exercise 2-3.

@ Note If you did not complete Exercise 2-3, locate Menu VI in the course solutions stored
on your computer.

2. Add a String indicator located on the Controls»String & Path palette
on the front panel. Label it Operator.

3. Add a Square LED located on the Controls»Boolean palette on the
front panel and label it Access Granted. You will write this VI so that
until access is granted by the user logging in with a correct name and
password, the user can only use the Login and Stop buttons.

4. Open the block diagram.
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Block Diagram

1.

Lesson 5 Developing Larger Projects in LabVIEW

Modify the following VI. Only modify the While Loop and Cases -1 and
0. The Login VI is called when the user presses the Login button on the
front panel (Case 0 of the Case structure). Remember to delete the One
Button Dialog function that you placed in Case 0 in Exercise 2-3.

State Machine

Mo Event
Login
Acquire Data E
Analyze & Present
YWiew File

Stop

[Imitial State:-1 (Mo Event

FO N gy, T

ety n _.I ] D Efaul :'-'.'-'.'-'.'-'.'-'.'-'.'-'.'-'.'-'.

Search 10 Amay
m; o

A

4 |t coess Granted

Check to zee if a button in the cluster iz prezsed,
to determing the nest state to execute.

ait Uikl Mext mz b ultiple]

Logir, wi

Lagin
[Mewt State:-1 [Ma Event

@ Note If you did not complete Exercise 3-1, locate Login VI in the course solutions
stored on your computer.
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2. In addition, modify the VI so that:

a. The Operator indicator is initialized to an empty string when the VI
starts.

b. If the user has not logged in with a correct name and password, only
the Login and Stop menu options execute.

c. If the Login VI returns a value of FALSE for the access granted
output, the Operator indicator should show an empty string.

@ Note The VI needs the Operator and Access Granted information in subsequent loop
iterations. Therefore, this VI uses two more shift registers to store the data. You will need
to make sure that the other cases in the Case structure pass the data through correctly,
straight through the cases.

By using the shift registers, notice that only Case 0, in which the Login VI
runs, can change the Operator and Access Granted values.

The loop verifies that the value stored in the Boolean shift register, which is
the Access Granted status, is TRUE, or if the user pressed the Login button
(component 0 in the menu cluster) or Stop button (component 4) to
determine which case to execute. If all of these conditions are FALSE, then
Case -1 executes.

3. Run the VI and test it to make sure it behaves properly. Use the
LabVIEW debugging tools—execution highlighting, single-stepping,
probes, and breakpoints—to determine the dataflow of the VI.

4. Save the VIl as Application Exercise (5-1) .vi. Do not close
the VI.

End of Exercise 5-1
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Exercise 5-2  Application Exercise (5-2) VI

Objective: To add the Acquire Data VI to the application started in Exercise 5-1.

In the previous exercise, you began building the Application Exercise VI.
Now, you will add the Acquire Data VI, which you built in Exercise 2-2.

Block Diagram

1. Make sure that the Application Exercise (5-1) VI is open. You will not
modify the front panel in this exercise. Open the block diagram.

State b achine

Mo Event

Login

Acquire Data
Analyze & Present
"iew File

Stap

[Imitial State:-1 Mo Event
-1

O

[Mext State:-1 (Mo Event
-1

Time " aveform

ait Until Mext mz Multiple]

o

2. Show Case 1 of the Case structure and delete the One Button Dialog
function. Add Acquire Data VI, which you built in Exercise 2-2. If you
did not finish that exercise, use the VI from the solutions located on your
computer.

3. Add a shift register to the border of the While Loop. Connect the Time
Waveform output of the Acquire Data VI to the right side of the shift
register.

4. You must initialize the new shift register you created.

a. Right-click the left side of the shift register that contains the
configuration cluster and select Create»Control from the shortcut
menu. This creates an empty waveform control on the front panel.

b. Hide this Time Waveform control by right-clicking the terminal and
selecting Hide Control fromt he shortcut menu. This makes the
waveform control invisible so it does not confuse users.
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5. Modify the VI Properties of the Acquire Data subVI so that it appears
like a dialog box when it is called. Double-click the Acquire Data subVI
to open its front panel. Select File»VI Properties and select Window
Appearance from the top pull-down menu and click the Dialog button.
Click OK then save and close the Acquire Data VI.

6. Remember that if one case in a Case structure passes data out of the case,
all other cases in the Case structure must also send out data. Finish the
VI so that the data pass through the other cases unchanged, recall the
method used in Exercise 5-1.

7. Savethe VIl as Application Exercise(5-2) .vi.Runitand testit.

End of Exercise 5-2
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Exercise 5-3  Application Exercise (5-3) VI

Objective: To finish the Application Exercise VI by adding the subVIs for the Analyze & Present
Data and View Analysis File buttons.

You will add the Analyze & Present Data VI from Exercise 2-7 and the View
Analysis File VI, which you studied in Exercise 4-4.

Block Diagram

1. Make sure that the Application Exercise(5-2) VI is open. You will not
modify the front panel in this exercise. Open the block diagram.

State Machine

Mo Ewvent

Login

Acquire Data

Analyze & Present

Yiew File g

nalyze & Present Data, vl

— e

Imitial State:-1 Mo Event [t State: 1 Mo Event

FONRY gy

Wiocess Granted

Timne ‘W avefarm

ait Until Mext mz Multiple]

iew Analyziz File vl
Data

'_' [Mext State:-1 [Mo Event
& .
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2. Delete the One Button Dialog function in Case 2 of the Case structure.
Add the Analyze & Present Data VI to this case. You completed this VI
in Exercise 2-7.

a. Connect the string containing the operator name to the Operator
input.

b. Connect the waveform containing the collected data to the Data
input.

3. Show Case 3 of the Case structure and delete the One Button Dialog
function. Add the View Analysis File VI. You do not need to make any
connections to it.

4. Save the VIl as Application Exercise (5-3) .vi and run it. You
should now be able to perform all of the options available in the menu
after you log in with a valid name and password.

@ Note You must select a subset of the acquired data when you select Analyze & Present
Data. After you select the data subset, click the Analyze button and then select the button
to save the data to file. Otherwise, the file does not contain any waveform data.

End of Exercise 5-3
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B. LabVIEW Features for Project Development

VI History

One of the most useful LabVIEW tools for team-oriented development is
the VI Revision History window. Every VI has a History window that
displays the comments recorded by those who worked on the VI. You can
use the VI Revision History window to track changes and revisions to VIs
and applications. You can configure LabVIEW with several different VI
Revision History options, which apply on a global or per-VI basis, using the
LabVIEW preferences in Tools»Options or File»VI Properties.

To open the Revision History window for a VI, select Tools» VI Revision
History.

IE Maximized Performance.¥i History

Ilzer cryztald Mext Rewvizgion: 19

Comment

|Ipdated diagram for LY 6.0 performance issues. -

w Hiztom FReset... Add ]

rev. 19 Tue, Jul 25, 2000 10:1:3:05 A cystald -
Ipdated panel ta Ly 6.0 objects.

rev. 11 Thu, Dec 18, 19597 11:37:29 AM Ron Grazsel

Revized exercize for multithreaded LabbIEW and faster complbers.

rev. 2 Mon, Feb 12, 1396 3:06:03 Pk steveno

W was converted fram LabvIEW wersion 4.0b675 to LabVIEYW, version 4.0, |7

4

After typing your comments into the Comment area of the Revision History
window, click Add to add them to the VI’s history. The VI Revision History
window also keeps track of revision numbers. Each time you save the VI,
the revision number for the VI increments by one.

In addition to the revision number and the date and time at which a comment
is added to a VI’s history, the current user’s name appears in the User field.
You can configure the LabVIEW preferences to prompt for a user name at
launch time, by selecting Revision History from the top pull-down menu in
the Tools»Options dialog box, or you can change the user name by
selecting Tools»User Name.
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VI Hierarchy

LabVIEW Basics Il Course Manual

One of the most important advantages of breaking your main application
into subVls is that you save memory. In addition, the responsiveness of
the LabVIEW editor improves because smaller VIs are easier to handle.
Hierarchical applications are easier to develop, read, document, and modify.

Therefore, as a general rule, it is recommended that you keep the block
diagram for your top-level VI under 500 KB in size. In general, your subVIs
should be significantly smaller. To check the size of a block diagram, select
Memory Usage from the top pull-down menu in the File»VI Properties
dialog box. Typically, you should consider breaking a VI into several subVlIs
if the block diagram for your VI is too large to fit entirely on the screen.

=l V1 Properties |
Category: Memony Uzage j

Frant Panel Objects: 9.9

Block Diagram Objects: 3.2K

Code: 5.9k,

Drata: 1004k

Tatal: ~RE 4k

Total Wl Size On Disk: ~E9.6K.

k. Cancel |

If you find that the block diagram for a VI is getting too large, you can
convert part of it into a subVI by using Edit»Create SubVI. This capability
gives you a fast and easy method to create your application’s VI hierarchy
as you develop the source code.

The VI Hierarchy window is also a valuable tool for locating subVIs and
viewing the overall layout of the project as your application grows. To view
the Hierarchy window, select Browse»Show VI Hierarchy. A new window
appears showing the hierarchies of all top-level VIs in memory.

You can use the options available in the toolbar at the top of the Hierarchy
window to show or hide various categories of objects used in the hierarchy,
such as global variables or VIs shipped with LabVIEW, as well as whether
the hierarchy expands horizontally or vertically. Clicking the small arrow
appearing next to a VI expands or collapses the view of that VI’s hierarchy.
Thus, you can expand different branches of the overall hierarchy.
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The following Hierarchy window contains the hierarchy of the application
you completed in the previous exercise. The VIs from the LabVIEW
vi.lib directory are not shown. The entire hierarchy is shown by
right-clicking a blank area of the window and choosing Show All VlIs.

Redo Layout Horizontal Layout Include Globals
Vertical Layout Include VI Library Include Type Def

Top
Lewel
APE
w
[&pplication Exercize [5-3).w|
T ARALIZES 5
-;"D: FRESEHT Login I:Ie'a_t'azg
=i | Ei
™ ™
;Lat;i erify
E| InFD\f

As you move the cursor over the icons shown in the Hierarchy window, the
name of the VI follows the VI. You can double-click an icon to open the VI.
You can also locate a V1 in the hierarchy by typing in the name of a VI while
in the Hierarchy window. As you type the name, the Hierarchy window
scrolls to the appropriate V1. You can also use the Find feature to search the
Hierarchy window for a VI.

The Hierarchy window can also be used a development tool when planning
or implementing your project. For example, after developing a flowchart of
the VIs required for an application, you can create, from the bottom of the
hierarchy up, each of these VIs so that they have all necessary inputs and
outputs on their front panel, and the subVIs they call on their block
diagrams. This will build the basic application hierarchy, which will now
appear in the Hierarchy window. You can then begin to develop each subVI,
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Using Online Help

LabVIEW Basics Il Course Manual

perhaps color-coding their icons, which will also be colored in the Hierarchy
window, to reflect their status. For example, white icons could represent
untouched Vs, red icons could represent subVIs in development, and blue
icons could represent completed VIs. While this is only one example of
using the Hierarchy window as a development tool, it demonstrates the
usefulness of this window for organizing a project.

in Your LabVIEW Applications

As you put the finishing touches on your application, you might want to
provide online help to the user. LabVIEW offers several mechanisms for
doing this. By using the Description and Tip option available on every
front panel control and indicator, you create not only well-documented Vls,
but also VIs that have extensive online help available to the user.

If you select Help»Show Context Help, the Context Help window appears.
As you move the cursor over an object, the Context Help window updates to
show its description. You can programmatically show or hide the Context
Help window with the Get Help Window Status and Control Help
Window functions, which you find in the Functions»Application
Control»Help palette.

Use this function to determine if the Context Help window is visible and the
location of the upper left corner of the window.

@-&zﬁ ................. 5 h':"u"‘u'
| Top Left Comer

Get Help Window Status

With this function, you can control whether the Context Help window is
visible, and where it will appear when shown.

S gty -] %:?E-'@

Top Left Corner s {7 .- 8

Control Help Window

You can also use the Control Online Help function to access the LabVIEW
Help or custom help files that you compile using third-party tools. The type
of online reference development tools you can use to develop this type of
help file depend on the platform on which your application will run.

e Windows Microsoft Help (.hlp files)
e Macintosh QuickView
e Sun/HP-UX HyperHelp
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With this function, you manipulate an online help file. You can list the
contents of the help file, jump to keywords in the file, or close the online
help file.

ES

Operation
String to search for =F

Path to the help file f_jm

Errar Input

a
“'u" ? Error Olutput

Control Online Help

Providing online help and reference materials for your application makes it
easier to use and gives it a more polished, professional look.

The LabVIEW Professional Development System includes a utility to
determine the differences between two VIs loaded into the memory. From
the LabVIEW pull-down menu, select Tools»Compare»Compare VIs to
display the Compare VlIs dialog box.

il i Compare Vs |

— |z to Compare

I.ﬂ.pplicatiun Ewercize [5-2]wi Celect |

A pplication Exercize [5-3]wi Select... |
— Compare

v | Attributes [+ Block Diagram

v Front Fanel ¥ Cosmetic changes

[ Postiondsize changes [ Postion/size changes
Compare Cancel |

From this dialog box, you can select the VIs you want to compare, as well
as the characteristics of the VIs to check. When you compare the VIs, both
VIs will be displayed, along with a Differences window that lists all
differences between the two VIs. In this window, you can select various
differences and details to view, which can be circled for clarity.
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Exercise 5-4

Objective: To examine some of the built-in LabVIEW features for handling applications.

k= Hierarchy Window

Al

Al
HULT FT HULT FT

LabVIEW Basics Il Course Manual

In this exercise, you will explore some of the features built into LabVIEW
for handling applications.

1.

b

Open the Application Exercise(5-3) VI you created in the previous
exercise. Close any other VIs loaded into memory.

Select Tools» VI Revision History. The history window for the VI
should appear.

. Click Reset in the Revision History window to clear the current history.

Click Yes to confirm the deletion of the history and resetting of the
revision number.

In the Comment box of the History window, type in Initial
Application Created. and then click the Add button. Your
comment should appear in the Revision History listing, along with a
date and time stamp. Close the Revision History window.

Select Browse»Show VI Hierarchy. The application’s hierarchy
appears.
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Experiment with expanding and collapsing the hierarchy. Notice that as
you click the small black and red arrows in the hierarchy, they expand or
collapse branches of the hierarchy. You might see some icons with a red
arrow by them, indicating that they call one or more subVIs. In addition,
you might also see icons with a blue arrow next to them, which occurs
when a subVlI s called from multiple places in an application, but not all
calls are currently indicated in the hierarchy.

Examine the operation of the buttons in the hierarchy toolbar. Notice
how you can arrange the hierarchy using the Layout buttons or by
dragging the icons, or include various application components using the
Include buttons. Use Redo Layout to redraw the window layout to
minimize line crossing and maximize symmetry.

Double-click any subVIicon in the hierarchy to display the appropriate
subVI. Close the subVI you selected, and close the hierarchy window.

Open the Application Exercise(5-2) VI you completed in Exercise 5-2,
change to the front panel of the Application Exercise(5-3) VI, and then
select Tools»Compare»Compare VIs to display the Compare VIs
dialog box.

i Compare ¥z |

—%lz to Compare
Select... |
Select... |

I.ﬂ.pplicatiun Ewercize [5-2]wi

A pplication Exercize [5-3]w

— Campare
v | Attributes v Block Diagram
¥ Front Fanel [¥ Cosmetic changes

[~ Positiondsize changes

Cancel |

[~ Positiondsize changes

Compare

10. Using the Select option, make sure that the two Application Exercises

11.

© National Instruments Corporation

are listed in the VIs to Compare box, and that the Compare options are
set as in the previous example.

Click Compare to display the Differences window and tile the two VlIs.
Place a checkmark in the Circle Differences checkbox in the
Differences window. Then, select a difference from the Differences
listbox, select a detail from the Details listbox, and then click Show
Detail. The difference between the two Vs is highlighted. Examine the
various differences between the two VIs and then close the Differences
window.
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12. Close Application Exercise(5-2) .vi.

End of Exercise 5-4
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C. LabVIEW Tools for Project Management

There are several tools you can add to the LabVIEW environment to assist
in project development. The following section describes two of these tools
that are included in the LabVIEW Professional Development System.

Source Code Controls Tools

These tools simplify management of larger applications. The first feature
added with these tools is a basic source code control (SCC) system that is
tightly integrated into the LabVIEW environment. This system contains
many features found in third-party source code control systems, such as file
check-in/out, revision tracking, and support for multiple users. In addition,
the SCC tools can support third-party source code control systems such as
Microsoft Visual SourceSafe. As mentioned earlier in this lesson, however,
VIs for a project must be saved as individual files (instead of in LLBs),
because the file management features of the various operating systems do
not support LabVIEW libraries.

The SCC tools also contain a VI Metrics tool to measure the complexity of
an application similar to the widely used Source Lines of Code (SLOCs)
metrics for textual languages. With the VI Metrics tool, you can view
statistics about VIs, such as the number of nodes (functions, subVI calls,
structures, terminals, and so on) of a VI and its subVIs. Other statistics
include the number and sizes of block diagrams, number and type of user
interface objects, number of accesses to global and local variables, and
number of calls to Code Interface Nodes or shared libraries. You access the
followin VI Metircs window from the Tools»Advanced menu.

EE ¥l Metnics. vi O]
Select al: I Application Exercize [5-3)wi j S;L—D%is;::::fs for Save... |
Hof uzerls 7 [ User interface -
# of vilibYls: 83 " Globals/locals
™ CIMs/shared lib calls
¥ Exclude vilib files from statistics ™ Subll interface
# of nodes shiuctures diagrars max diag depth diag width [pﬂ
total 167 15 K13 -
Application Exercize [5-3] v s} 2 a 2 atais)
Login, wi 15 2 K] 1 443
Acquire Datawi 26 2 4 2 a10
Analyze & Present D ata.vi a7 3 a 3 a47
Wiew Analsis File v 18 2 4 1 E48
“Werify Information. vi 21 2 4 2 422
Save Data ta File vi 15 2 ] 2 349

1]

I L'Jj
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A VI Library Manager tool is also included in this toolkit. This utility
enables you to copy, rename, and delete VIs, whether they are located in
LLBs or not. The VI Library Manager can also convert existing LLBs into
files in a subdirectory, to make implementation of SCC tools easier.

| Bazicz2 b ;l | LabWIEw & _vI
E’-- — % .
= (Dema) Acquire \W avetarmn, vi — 7> Copy > | (£ activity —
[uz] [Diemo] Al Sample Channel.wi Rename | ™ Applibs

[ea] [Diemo] Read Yoltage. wi 7] cintools

[uz] [D'emio] Thermometer. wi =] examples

[oz] 20 W ave Generator. vi Delete | ] help

[uz] Acquire Signal.wi ™7 ikstr.lib

[uz] For Loop using Auta Indesing. vi Mew... | [ LabIE'w . exe

[uz] For Loop using Build Array. vi [ LabYIE'w.ini

[ global.gbl Cornwert LLE = ta Dirs. . | £ ranuals

[uz] Globals Outside of Loop.wi = £ menus

[uz] Initialize Array with Beplace Element.vi Corveert Dirs ta LLB=. .. | 2] project

[uz] Initialize Array.vi 0] resource

fuz] Pop-up 2nd Process. vi Check Filenames | 0 serpdry

[ Power.ctl ] Templates |
[uz] Process Manitar v i | ™7 uzerlib

[ Read Yaltage. vi - £ wilib -

Show dates [zlows down directory listingz]

[+ Dizable files with identical dates

Sort | newest to oldest Bd

Utilities to Compare VIs and Compare VI Hierarchies are also included.
As described earlier, they are used to determine the differences between two
VIs or hierarchies.

The LabVIEW Help and manuals for this toolkit not only provide reference
material for the previous utilities, but also extensive discussions on
management of software projects. Various development models,
prototyping and design techniques, and project tracking methods are
described in detail. Documentation of VIs and tips for developing clear code
are described in detail as well.

LabVIEW Application Builder

LabVIEW Basics Il Course Manual

You can use the LabVIEW Application Builder to create stand-alone
executable programs for users without the LabVIEW development software.
The executable VI or shared libraries can include a hierarchy of VIs that you
have created, or the VI can be configured to open and run any VI available
to the user.
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Required System Configuration

Applications or shared libraries that you create with the Application Builder
will generally have the same system requirements as the LabVIEW
development system. Memory requirements will vary depending on the size
of the application created.

Turning Your Application into a Stand-Alone Executable

Before LabVIEW 5.1, the process for building an application was to save
your VIs to a library, build an application using the Build Application
dialog box, and then create an installer using the Create Distribution Kit
dialog box. In LabVIEW 5.1, you can use the Build Application dialog box
to do all of these operations.

When you select Tools»Build Application or Shared Library (DLL), a
tabbed dialog box appears. By making settings in the various tabbed pages
on the dialog box, you can define the application you want to build. You can
save a script and use it later to rebuild the application. The Build
Application Shared Library dialog box contains the following tabbed
pages—Target, Source Files, VI Settings, Application Settings, and
Installer settings as shown in the following example.

[t>! Build Application or Shared Library [DLL] - New script == B3 |
T arget Source Filez | %I Settings | Application Settingz | Inztaller Settings |
Build target Ifi'-.pplin::atin:nn [EXE] =]

Target file name

I.-'-‘-.ppliu:atiu:un.e:-:e

Destination directorny % ID WINDOWSHTEMPYapp l=r |
Suppaort file directon % IE: W IMD W ST EMPYappidata = |
— Build Options
¥ Single target file containing all s [T Do not compress karget file

= Small target file with extemal file for subils

LLE for ather files % |E:"~'W'INDEIWS YTEMPhapphdata. b =

[faster load on slow machines]

Load... Save | Save bz, | Hew Help Build | [Done |
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5

From the Target tab, you can specify if you want to create a stand-alone
executable or a shared library, the name of your application and the
directory in which to create it. Optionally, you can choose to write
subVlIs to an external file if you want to keep the main application small.

From the Source Files tab, you can define the VIs that make up your
application. When you click Add Top Level VI, you add the main VI(s)
for your application. You need to select only the top-level VI, and
LabVIEW automatically includes all subVIs and related files (such as
menu files or DLLs). If your VI dynamically calls any subVIs using the
VI Server, LabVIEW cannot detect them automatically, so you must add
them by clicking the Add Dynamic VI button. If you want to include
any data files with your application, click the Add Support File button,
and the data files automatically copy over to your application directory.

From the VI Settings tab, specify modifications to make to your VIs as
part of the build. You can choose to disable certain VI Properties. These
settings only apply to the build process and do not affect your original

source VIs. LabVIEW automatically creates your application as small as
possible by removing debugging code, block diagrams, and unnecessary
front panels. If you open a front panel dynamically using the VI Server,
you must specify that the front panel is needed using the VI Settings tab.

From the Application Settings tab, you can customize the features in
your application. You can choose to specify the memory size for the
Macintosh, or customize icons and ActiveX server features on
Windows.

From the Installer Settings tab (Windows only), you create an installer.
The installer is written to the directory that contains your application.

When you develop an executable VI with LabVIEW on Windows and ship
it to another computer, you must also include the LabVIEW Run-Time
DLL. The computer on which the VI runs must install this DLL using the
LabVIEW Run-Time DLL Installer before the VI runs. If you distribute a
VI using Build Application, the Run-Time DLL is installed automatically.

Note After the Run-Time DLL is properly installed on a machine, it can run any
executable VI developed in LabVIEW. You need to include only the Run-Time DLL with
the first VI sent to each computer.

Creating LabVIEW Applications

LabVIEW Basics Il Course Manual

To create a professional, stand-alone application with VIs, you must
understand four areas:

The architecture of your application

Programming issues particular to the application
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* How to build your application

* How to build an installer for your application

The first section of this lesson describes the architecture of your application
and has you build the application in the exercises. Your application is a
single top-level VI that runs when you launch the application and calls front
panels from several subVIs when called. This is the most common and
easiest architecture for building a stand-alone application.

Programming Issues

You should consider several programming issues when you are building VIs
that end up as built applications. The first issue is to know what outside code
is used for the application. For example, are you calling any system or
custom DLLs or shared libraries? Are you going to process command line
arguments? These are advanced examples that are beyond the scope of this
course, but you need to consider them for the application.

A second issue is with the path names used in the VI. One example is when
you use the VI Server capability to dynamically load and run VIs (this is
described in the LabVIEW Advanced I course). Once an application is built,
the VIs are embedded in the executable. Suppose you have a VI named
test.vi inside an application named test .exe. A Current VI’s path
primitive in test . vi returns test . exe\test . vi prepended with the full
path of test . exe. Being aware of these issues will help you to build more
robust applications in the future.

A last issue that will affect the application you have currently built is that the
top-level VI does not quit LabVIEW or close the VIs front panel when it is
finished executing. To completely quit and close the top-level VI, you must
call the Quit LabVIEW function located on the Functions»Application
Control palette on the block diagram of the top-level VI.

quit? [T]

Quit Lab¥IEW

Building the Application

As described earlier in this section, you use the Application Builder in
LabVIEW to make either an executable or a shared library (DLL) for your
application. This course describes how to build an executable and the
LabVIEW Advanced I course describes how to build and use a shared
library (DLL).
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E Note Refer
descriptions
application.
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The LabVIEW Application Builder can package your application in one of
two forms—as a single executable or as a single executable and one VI
library. Depending upon how you want your application to appear to the
end-user, as well as how complex the installation process can be, you might
prefer one format to the other.

The default packaging for applications is a single executable file. All VIs
that are part of the application are embedded in the executable file. These
include top-level VIs, dynamic VIs, and all their subVIs. While this
packaging is simple because it results in a single file, these files can become
quite large depending on the number of VIs in your application.

The second packaging option is to break the application into an executable
file and one Vi library. In this packaging, the application Builder embeds all
top-level and dynamic Vs in the resulting executable file and all subVIs of
these Vs are placed in a single VI library. While this package involves two
files, the file that the end-user launches can be quite small.

Depending upon the nature of your application, it can require the presence
of non-VTI files to function correctly. Files commonly needed include a
preferences (.ini) file for the application, the LabVIEW serpdrv file, and any
help files that your VIs call. The LabVIEW serpdrv file (Windows and UNIX)
is required for any application that uses serial port I/O. Note that run-time
menu files and shared library files called using the Call Library Node are not
support files. The Application Builder includes run-time menu files in the
main files for the application. It automatically stores any shared libraries
needed in the support file directory for the application. External subroutines
for CINs are also stored in the main files for the application.

to the LabVIEW Help in Help»Contents and Index for more detailed
of how to use the Application Builder and make a preferences file for your

Building the Installer

The last phase in creating a professional, stand-alone application with your
Vs is to create an installer. The LabVIEW application Builder includes
functionality for creating installers in Windows. Common tools for creating
installers on a Macintosh are DraglInstall and Vise. On UNIX systems, you
can create a shell script to install your application. The installers you create
with the LabVIEW Application Builder install all files that are part of the
source files list. You must add all files that you want to install to this list. By
specifying custom destinations for source files, you can create arbitrarily
complex directory structures within the installation directory.
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You will learn about each of the steps and options of the Application Builder
when you build an application in the next exercise. After defining your build
specifications using the LabVIEW Application Builder, you will save those
settings to disk in the form of a build script (.b14d) file.
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Exercise 5-5 My Application executable
Objective: To create a stand-alone application with the Application Builder.

@ Note You must have the Application Builder properly installed to run this example.
To determine whether it is installed, select the Tools menu. If the option Build
Application or Shared Library (DLL) appears in the Tools menu, then the Application
Builder is properly installed.

Front Panel

1. Open the Application Exercise(5-3) VI you created in Exercise 5-3.
Modity the following front panel to remove the comments.

2. Select File»VI Properties to display the VI Properties dialog box.
Select Window Appearance from the top pull-down menu, then select
Top-level Application Window. This gives the front panel a
professional appearance when it is opened as an executable.

3. Savethe VI as Application Exercise.vi.

Block Diagram
4. Open the block diagram and use the following components.

a. Place the not function located on the Functions»Boolean palette on
the block diagram. This function inverts the value being sent to the
While Conditional terminal. When the loop ends, this value is a
False, so a True value is actually sent through the loop boundary to
the Quit LabVIEW function.
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b. Place the Quit LabVIEW function located on the Functions»
Application Control palette on the block diagram. This function
quits LabVIEW and quits the application after it has been built.

State Machine

Mo Event

Login

Acquire Data
Analyze & Prezent
Wiew File

Stop

Initial State:-1 [Ma Evert
-1

FIERY NP

.......... [Mext State:-1 [MNo Event

]

lAccess Granted

=
Tirme " avetorm

ait Ll M ext ms Multiple]

N

Save this VI as Application Exercise.vi.

Open the front panel and run the VI. When you select the Stop button,
the VI stops and you exit LabVIEW.

7. Restart LabVIEW and open a new VI. You will not open the Application
Exercise VI because the Application Builder cannot create an
executable if the VIs are loaded into memory.
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8. Select Tools»Build Application or Shared Library (DLL). Build
an executable from Application Exercise.vi called
myApplication.exe and place it into the C: \myapp directory.
Modify the Target tab as shown.

f= Build Application or Shared Library [DLL] - New scrnipt =

popicaton 2] 3
T
B —

r

C:hmyapphdata. b
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9. Click the Source Files tab and select the Add Top-Level VI button.
Add Application Exercise.vi as shown.

f= Build Application or Shared Library [DLL] - Hew scnpt =

@ Application Exercize.wi
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10. Click the VI Settings tab. Leave these settings at their default
values—the top-level VI runs when opened and the block diagrams and
front panels are only saved if they are necessary. Examine these settings;
they should resemble the following examples.

E Build Applhication or Shared Library [DLL] - Hew zcnpt =

Target | Source Files Y1 Settings

Application Settingz

Inztaller Settings

|ze thiz page to specify changes to make toYlz as part of the build process.
If pou are dynamically loading the panel of a %1, be sure to zet the Remove Panel setting for the Wl to no.

e EE |

Remove Panel Shows Parel Run when Opened -

Al avetorm Scarn.vi A= Mo
Analyze & Present Data.vi Mo e
Application Exercige. wi Mo Mo Yes J
Averaged DC-RMS . wi Vs Ma
Bazic Awveraged DC-RMS = Mo
Blackman ‘\Window.vi ez Mo
Blackman-Harriz ‘Window, vi res Mo
[ wi ' M f
l|"ar:nr:uE.IL:u.Lm:im | .

Sectedfe % Edit Build Settings... |
Load... Save Save bz, I e Help Build | Done |

11. Click the Application Settings tab. This is where you would enable

LabVIEW Basics Il Course Manual
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12. Click the Installer Settings tab. Build a distribution kit for your

application that installs into the C: \Program Files\
Myapplication directory. Configure the Installer tab as shown.

IE Build Application or Shared Library [DLL] - HMew script * = =) =] |

[+ Create installer

Inztallation language

Media zize

Target | Source Filez | I Settings | Application Settings  Installer Settings

|nztallation name IM wapplication
Installer directony % IE:Hmyapp'\Installer EI
Start menu progranm group IMyappIicatiDn
D efault inztallation directon % Iu::'\F'ru:ugram Filezhkypapplication EI

Extra zpace on firzt digk [kB] I 1]
Advanced... |

| English =]
[ 7.4 ME =

Load... | Save

| Save bz, [ & Help Build Dane

13.

14.

15.
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Click the Build button. The files associated with the installer are

then compressed into setup diskettes, which are stored in the
C:\myapp\installer\disks directory. A Setup.exe file is
created as well, which can be used to install the diskette images. All of
these files could be copied to diskettes to transfer the application to
another system. The LabVIEW Run-Time DLL installer is included by
default. The executable for your application is also built and is called
myApplication.exe, as defined on the Target tab.

Select Done from the Build Application window to close that utility. It
asks you to save a script so you can build this application again. Select
Yes and name the script myapp .bld. Now if you make changes to the
original application and want to rebuild an executable and installer with
the same settings, you can open this script file using the Load button.

RunmyApplication.exe fromthe C: \myapp directory. Application
Exercise should open its front panel and run automatically. Operate the
VI to make sure all the settings you chose are working. Close the
application when you are finished.
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16. Run the Setup.exe file in the C: \myapp\disks\Myapplication
directory. You should be guided through a setup process, the executable
is created inside the C: \Program Files\Myapplication directory,
and you should be able to run the application from Programs».

End of Exercise 5-5
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Summary, Tips, and Tricks

© National Instruments Corporation

LabVIEW has several features to assist you and your coworkers in
developing your projects, such as the VI Revision History window to
record comments and modifications to a VI, and the user login, which,
when used with VI Revision History, records who made changes to a VI.
You can access a VI's Revision History window at any time by selecting
VI Revision History from the Tools menu.

The VI Hierarchy window gives you a quick, concise overview of the
VIs used in your project. There is also a comparison feature to identify
the differences between two Vls.

LabVIEW features several tools to facilitate larger project development.
The Source Code Control Tools contain several utilities for managing
LabVIEW code, and the Application Builder enables you to create
stand-alone executables or shared libraries (DLLs). Both of these
toolkits are included in the LabVIEW Professional Development
System.

Creating a professional, stand-alone application with your VIs involves
four areas of understanding:

— The architecture of your application.
— The programming issues particular to the application.
— The application building process.

— The installer building process.
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Additional Exercises

5-6

5-7

Modify Application Exercise VI so that the Configure Data
Acquisition, Acquire Data, Analyze & Present Data, and View
Analysis File buttons are disabled and grayed out if the user has
not logged in with a valid user name and password.

Hint: Use control references and the Disable Controls VI you built
in Exercise 2-8 nodes to modify the buttons.

Save this VI as Application Exercise(5-6) .vi.

Add one menu button to the menu cluster control in Application
Exercise VI so the user can show or hide the LabVIEW Help
window. The text of the button should indicate what happens when
the user clicks the button, for example, Show Help and Hide Help. If
you notice that the buttons and indicators on the front panel do not
have descriptions in the Context Help window, you need to add them
in the Description and Tip shortcut dialog box for each control or
indicator.

Make sure the VI properly tracks the state of the Context Help
window. For example, if the user clicks the Show Help button to
show the Context Help window, but closes the Context Help window
from the Help»Show Context Help menu, your VI incorrectly
assumes that the Context Help window is showing. Save this VI

as Application Exercise(5-7) .vi.

@ Note Use a Property Node to set the button text. The mechanical action of the button
should be Latch When Released. Use a shift register to retain the status of the Context
Help window’s visibility, and use the Control Help Window function to show and hide
the Context Help window.

LabVIEW Basics Il Course Manual
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Notes
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Notes
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This lesson describes how to maximize the performance of your VIs,
including how to improve run-time speed and memory use.

You Will Learn:

About LabVIEW multithreading and multitasking.
How to use the Profile window.
About methods for speeding up your VIs.

How system memory issues affect LabVIEW performance.

moawy»

How to optimize memory use and related performance for
individual VIs.
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A. LabVIEW Multithreading and Multitasking Overview

LabVIEW Basics Il Course Manual

In LabVIEW 4 and earlier versions, you could run several VIs
simultaneously and the VIs still responded to user input from the cursor or
keyboard. To accomplish this, the execution system used cooperative
multitasking—each different activity processed one at a time and in turn.
Cooperative multitasking works well, but processor time is not evenly
distributed to each activity. Executing a long computational routine or
displaying a large amount of data on a graph can use a disproportionate
amount of the processor’s time. The activities take turns with the processor,
and a lengthy activity is not divided into smaller, shorter ones. With this
architecture, multiple tasks executed under a single thread, or process, in the
system.

Versions of LabVIEW after 5.0 support multithreading. With
multithreading, different portions of an application can run under different
threads, or processes, in a computer system. This architecture allows the
operating system to preempt a thread of execution to give processor time to
another thread. So, CPU time is more evenly shared among the threads.

To take advantage of multithreading, use LabVIEW 5.0 or later on an
operating system that supports multithreading, such as Windows, Solaris 2,
or Concurrent PowerMAX. On operating systems that do not support
multithreading, LabVIEW continues to operate with cooperative
multitasking.

By default, LabVIEW takes advantage of multithreading if the operating
system supports it. If you want to verify that multithreading is enabled,
select Performance and Disk from the top pull-down menu in the
Tools»Options dialog box. You can check or uncheck the box labeled
Run with multiple threads.
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i Options E3 |

I Performance and Dizk, j

[T Deallacate memomn as soon a3 possible
[ Use default timer

¥ Check available disk zpace during launch®
Abort if lezs than [KBytes] 500 v Use default

j EBytes] 2000 [v Use default
¢ ¥ Rur with multiple threads*

Ok, Cancel |

*Changes to this option will take effect when vou relaunch.

This option is available only on operating systems that support
multithreading. If you remove the checkmark from this checkbox, the
execution system behaves as though you have only a single thread.
Single-thread execution removes some overhead from the execution system.
However, you do not benefit from the advantages of multithreading, such as
multiple processor support and the ability for a higher priority operation
to interrupt a long operation, such as a screen redraw to get better
responsiveness from the application. Remove the checkmark from this
checkbox for VIs that are not compatible with a multithreaded execution
system.

Benefits

One important benefit of multithreaded LabVIEW is the separation of the
user interface from block diagram execution. Any activities conducted in the
user interface, such as drawing on the front panel, responding to mouse
clicks, and so on, operate in their own thread. This prevents the user
interface from robbing the block diagram code of execution time. So,
displaying a lot of information about a graph does not prevent the block
diagram code from executing. Likewise, executing a long computational
routine does not prevent the user interface from responding to mouse clicks
or keyboard strikes.

Computers with multiple processors benefit even more from multithreading.
On a single-processor system, the operating system preempts the threads
and distributes time to each thread on the processor. On a multiprocessor
computer, threads can run on the multiple processors simultaneously, so
more than one activity can occur at the same time.
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Using Multithreading

LabVIEW Basics Il Course Manual

When an existing LabVIEW application runs, it takes advantage of the
multithreaded system automatically without any modification to the
application. However, when working with multiple Vs, there are different
classifications of threads, called execution systems, available to organize
your application. There are six execution systems available to run VlIs:

* User Interface

e Standard

* Instrument I/O

* Data Acquisition
e Other 1

e Other?2

The purpose of having a few different execution systems is to provide some
rough partitions for VIs that need to run independently from other VIs. By
default, VIs run in the Standard execution system, which runs in separate
threads from the user interface. The Instrument I/O execution system is
included to prevent VISA, GPIB, and Serial I/O from interfering with other
VIs. Similarly, the Data Acquisition execution system is set for the DAQ
VIs. While VIs that you write will run correctly if you leave them set to the
Standard execution system, you might want to move appropriate VIs to
different execution systems. For example, if you are developing instrument
drivers, you might want to set your VIs to use the Instrument I/O execution
system.

To change the thread category in which a VI runs, select Execution from the
top pull-down menu in the VI Properties dialog box.

EE ¥l Properties |
uzer interface

Categany: I Evec  standard

inztrurment | A0

data acquizition
- ather 1
Priarity aother 2
I niormal priority ;” | J zame as caller
[~ Reentrant Execution [+ Auto Handling of Menus at Launch
[~ Fun*hen Opened ¥ Allow Debugging
[~ Suspend When Called I Clear Indizatars When Called

cars_|
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The Preferred Execution System list box lists the available categories of
execution systems. You also can prioritize parallel tasks in a multithreaded
environment by setting the Priority of the VI. Within each thread category,
you can specify the priority of execution—normal, above normal, high, time
critical, subroutine, and background. Normal priority is the same as level O
priority in previous versions of LabVIEW, above normal priority is the same
as level 1 priority, and so on. If there are multiple VIs, the VIs are placed
into an execution queue. VIs with higher priority, except the subroutine
priority, still execute before lower priority VIs. However, VIs with a
subroutine priority level behave differently than VIs with other priority
levels. When a VI runs at subroutine priority, it runs in the thread category
of its caller, and no other VI can run in that thread until that VI or its subVIs
complete. Subroutine priority VIs can call other subroutine priority VIs
only. Use subroutine priority VIs only when you want to run a simple
computation with no interactive elements. You can skip the execution of a
subroutine priority subVI when it is busy by right-clicking the subVI and
selecting Skip Subroutine Call if Busy. Use this option when you are
calling a shared subroutine from a high-priority VI but you do not want to
wait for the subroutine VI to become available.

Exercise caution when setting the priority levels for VIs. Using priorities to
control execution order might not produce the results you expect. For
example, if you use the priority setting incorrectly, lower priority tasks
might never execute. As you will see later in this lesson, strategic use of
Wait functions within VIs also can be a very effective way of optimizing
your LabVIEW code. Refer to the LabVIEW Help for more information
about how to use Wait functions.
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B. The Profile Window

The Profile window is a powerful tool for analyzing how your application
uses execution time as well as memory. With this information, you can
identify the specific VIs or parts of VIs you need to optimize. For example,
if you notice that a particular subVI spends a great deal of time updating the
display, you can focus your attention on improving the display performance
of that VL.

The Profile window displays the performance information for all VIs in
memory in an interactive tabular format. From the window, you can choose
the type of information to gather and sort the information by category. You
also can monitor subVI performance within different VIs. To show the
Profile window, select Tools»Advanced»Profile VIs. The following
window appears.

i Profile _ O =
Shop | Snapshat I Save | ¥ Timing Statistics | Timeinmiiseconds =]
v Timing Details
;M SN 5 N:N.g
Wl Time Sub Wz Time | Total Time 1 Auns Average Shartest
Analyze and Prezent D ata, vi 12708.0 111.0 128200 1 12703.0 12703.0
Configure Acquisition. vi 10570.0 0.0 10570.0 1 105700 10670.0
Lagir, i E208.0 30.0 G380 1 5208.0 5208.0
Acquire D ata vi 1018.0 34.0 11120 1 1018.0 1018.0
Application Exercige [B-3).vi GE0.0 30568.0 316480 1 £30.0 E80.0
iew dnalysiz File,vi 228.0 0.0 2280 1 228.0 228.0
Save Data to File.vi 111.0 0o 111.0 1 111.0 111.0]
Access Verfication.vi 300 0.0 300 1 300 300
Beep.vi 32.0 0.0 920 17 5.4 3.0
Process Monitor, vi 20 0o 20 25 01 0.0

Notice that you must select the Profile Memory Usage option before
starting a profiling session. Collecting information about VI memory use
adds a significant amount of overhead to VI execution, which affects the
accuracy of any timing statistics you gather during the profiling session.
Therefore, you should perform memory profiling separate from time
profiling.

Many of the options in the Profile window are available only after you begin
a profiling session. During a profiling session, you can grab a snapshot of
the available data and save the data to an ASCII spreadsheet file. The timing
measurements accumulate each time you run a VI.

E Note All statistics measured in a profiling session are collected for a complete run of
a VI, not a partial run of a VL.
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Execution Time Statistics

To collect execution time statistics with the Profile window, click the Start
button. The previous example shows the Profile window after a time
profiling session.

The VI Time statistic column shows the amount of time spent executing the
VI and displaying its data, as well as the time spent by the user interacting
with the front panel. This time consists of five subcategories, which you can
show by selecting the Timing Details option. The subcategories are
Diagram, Display, Draw, Tracking, and Locals. Refer to the LabVIEW Help
or the LabVIEW User Manual for more information about these statistics.

The SubVIs statistic column shows the total execution time for all the
subVIs called by the main VI. In addition, timing information can be
displayed in seconds, milliseconds, or microseconds.

The Total Time statistic column shows the sum of the VI and subVIs values,
which represents the total execution time for the main VI.

If you select the Timing Statistics option, four new categories of
information appear. # Runs displays how many times each VI has been
executed. The Average value represents the VI time value divided by the
# Runs, or the average amount of time the VI takes to run. Shortest and
Longest show the least and greatest amount of time required for a run of
the VL.

Memory Statistics
To collect memory statistics with the Profile window, select the Profile
Memory Usage option before starting the profiling session. You also can
select the Profile Memory Usage option after starting the Profiler to collect
additional memory information.

The Profile window displays two sets of memory use data. One set of data
shows the number of bytes of memory used, and the other shows the blocks
of memory. LabVIEW stores data such as arrays, strings, and paths in
contiguous blocks of memory. If a VI uses a large number of blocks of
memory, the memory can fragment, which degrades LabVIEW
performance in general, not VI execution.

The Average Bytes statistic column shows the average number of bytes of
memory used by a VI's data space during its execution. Min Bytes and Max
Bytes represent the least and greatest amount of memory used by a VI
during an individual run. Average Blocks indicates how many blocks of
memory a VI needs on average, while the Min Blocks and Max Blocks
show the fewest and greatest number of blocks of memory used by a VI
during an individual run.

© National Instruments Corporation 6-7 LabVIEW Basics Il Course Manual



Lesson 6 Performance Issues

Exercise 6-1 The Profile Window
Objective: To use the Profile window to get information about how your application VI runs.

The Profile window is a powerful tool for analyzing how your application
uses execution time as well as memory. With this information, you can
identify the areas of your VI that you need to optimize. In this exercise,
examine the project just completed using the Profile window.

1. Open your final project, called CD Application Exercise VI.
If you did not complete this final project, you can open the solution.

2. Before running your final project, select Tools»Advanced»Profile VIs
to display the Profile window. The Profile window is not yet capturing
data.
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=l Profile M=
Start | Snapshat | Save | [ Timing Statistics I e ——— _'I
[T Timing Details
[ Profile Memomy Usage [ Memary Usage | Size in kilobytes |

¥l Time Sub Wiz Time | Total Time -

" N

3. To collect timing information about your final project, place a
checkmark in the Timing Statistics checkbox and click the Start

button.
[_[O]
Shapshat | Save | [V Timing Statistics | Timeinmiliseconds
[T Timing Details
[~ Profile Memam Uzage [ Memomy Lzage | Size in kilobytes j
¥l Time Sub s Time | Total Time # Runs Ay
ma_ErrorCode2E marCluster vi 0.0 0.0 A 0
ma_Convert to One-sided Spectium [complex).wi 0.0 0.0 1] 0
ma_Linear Averaging Done. wi 0.0 0.0 1] 0
ma_Check Block Size vi 0.0 0.0 0.0 0
Real FFT wi 0.0 0.0 0.0 I
FFT with Hanning.wi 0.0 0.0 1] 0
Eutract Single Tone Infarmation from Hann Spectum. vi 0.0 0.0 0.0 0
ma_Spectium Peak Hold vi 0.0 0.0 1] 0
ma_0ne-zided FFT Spectrum. vi 0.0 0.0 A 0
Eutract Single Tone Infarmation. vi 0.0 0.0 0.0 0
Blackrman-H arris Window, vi 0.0 0.0 0.0 I
terge Emors. vi 0.0 0.0 A 0
S caled ‘Window,vi 0.0 0.0 0.0 0
ma_Calculate window, vi 0.0 0.0 1] 0
Hanning “Window, vi 0.0 0.0 A 0 =
UTminnﬁuf:nAn.....: nn I 0o an [nl _IJ

You are now capturing timing information about the VIs in memory.
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4. Run the CD Application Exercise VI and go through the steps as if you

were a typical user. At any time you can return to the Profile window
and take a snapshot of timing. Taking a snapshot does not effect the final
timing statistics.

When you finish using your project, return to the Profile window and
click the Snapshot button again. You can sort any column of data by
clicking the column heading. You also can select whether the timing
statistics are displayed in seconds, milliseconds, or microseconds. By
double-clicking VIs listed in the Profile window, you can view the
statistics of the VI that compose it. This allows you to drill down to the
subVIs to see where time is being spent. You can display the front panel
of the individual VIs by right-clicking the VI listed in the Profile
window.

Sort the Total Time column and look at where the CD Application Exercise
VI spends most of its time. Notice how these VIs correspond with the VIs
that require user interaction. Waiting for user input is often the portion of
execution which requires the most time.

In the Profile window you can capture timing statistics and information
about VI memory usage. To capture memory usage, place a checkmark in
the Profile Memory Usage checkbox.

[_ O]
Snapshot | Save | F# Timing Statistics | Time in milizeconds _vI
[~ Timing Details
k\_" I»‘ Frofile Memom Usage ™ ™ Memamw Usage | Size in kilobytes j
- W Time Sub Ve Time | Total Time # Runs Ay
Al Acquire Waveform [scaled aray).vi 0.0 0.0 1] 0
Al Acquire W aveform [waveform).vi 0.0 0.0 0.0 0
Al Acguire W aveform.vi 0.0 0.0 1] 0 —
Al Buffer Config.wvi 0.0 0.0 1] 0
Al Buffer Read [binary arrap].vi 0.0 0.0 0.0 0
Al Buffer Read [zcaled & binary aravs).vi 0.0 0.0 1] 0
Al Buffer Read [zcaled amay) vi 0.0 0.0 A 0
Al Buffer Read [waveform]. v 0.0 0.0 0.0 0
Al Buffer Read vi 0.0 0o 0.0 I
Al Clear vi 0o 0o 00 I
Al Clock. Config.wi 0.0 0o 0.0 ]
Al Config.vi 0.0 0o 0.0 ]
Al Cantral v 0.0 0.0 0.0 0
Al Group Config.wi 0.0 0.0 1] 0
Al Hardware Config.wi 0.0 0.0 1] 0
Ml —r b nr 0n an nl _IJ
[ [
@ Note Collecting information about VI memory usage requires overhead which can
create misleading timing statistics.
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6. Gather memory usage statistics about the CD Application Exercise VI.
Where is memory used and why?

Notice which VIs fragment memory, and look to see which VIs use many
blocks. Why do you suppose these VIs use blocks? Having fragmented
memory causes VIs to execute more slowly because moving data around in
memory takes overhead.

End of Exercise 6-1
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C. Speeding Up Your Vis

LabVIEW compiles your VIs and produces code that generally executes
very quickly. However, when working on time-critical applications, you
need to use programming techniques to obtain the best possible execution
speed. Consider the following three areas when speeding up your VlIs:

e Input/Output—files, instrument control, data acquisition, and
networking

* Screen display—efficient controls and displays

*  Memory management—efficient use of arrays, strings, and data
structures

Other factors, such as execution overhead and subVI call overhead, usually
have minimal effects on execution speed.

Input/Output
Input/Output (I/O) calls generally take much more time than a
computational operation. For example, a simple serial port read operation
can have an associated overhead of several milliseconds. This overhead is
present not only in LabVIEW, but also in other applications. The reason for
this overhead is that an I/O call involves transferring information through
several layers of an operating system.

The best method of reducing this I/O overhead is to minimize the number of
I/O calls you make in your application. Structure your application so that
you transfer larger amounts of data with each call, instead of making several
I/O calls that transfer a small amount of data.

For example, consider creating a data acquisition (DAQ) application that
acquires 100 points of data. For faster execution, use a multi-point data
transfer function such as the Al Acquire Waveform VI, instead of using a
single-point data transfer function such as the AI Sample Channel VI. To
acquire 100 points, use the Al Acquire Waveform VI with an input
specifying that you want 100 points. This is faster than using the AI Sample
Channel VI in a loop with a wait function to establish the timing.
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channel

# points device
100HM 4] Acouine ‘W aveform. vi|
&1 5 ample Channel.vi channel HotT P data]
IJNSIPT @I 1S W[Sm']
ﬂ.&' ........................................... [ 5[“_] .
Single-Point Data Transfer Multiple-Point Data Transfer
(Slower Method) (Faster Method)

Screen Display

In the previous example, overhead for the Al Acquire Waveform VI is
roughly the same as the overhead for a single call to the Al Sample Channel
VI, even though it is transferring much more data. In addition, the data
collected by the Al Acquire Waveform VI uses hardware timers to control
the sampling. Calling AI Sample Channel in a loop does not provide data
collected at a constant sample rate.

Updating controls on a front panel is another time-consuming task in an
application. While multithreading helps to reduce the effect that display
updates have on overall execution time, complicated displays, such as
graphs and charts, can adversely affect execution speed. This effect can
become significant on the LabVIEW platforms that do not support
multithreading. Although most indicators do not redraw when they receive
data values that are the same as the old data, graphs and charts always
redraw. To minimize this overhead, keep front panel displays simple, and try
to reduce the number of front panel objects. Disabling autoscaling, scale
markers, and grids on graphs and charts improves their efficiency.

The design of subVIs also can reduce display overhead. If subVIs have front
panels that remain closed during execution, none of the controls on the front
panel can affect the overall VI execution speed.

As shown in the following block diagram, you can reduce display overhead
by minimizing the number of times your VI updates the display. Drawing
data on the screen is an I/O operation, similar to accessing a file or GPIB
instrument. For example, you can update a waveform chart one point at a
time, or several points at a time. You get much higher data display rates if
you collect your chart data into arrays so that you can display several points
at a time. This way, you reduce the amount of I/O overhead required to
update the indicator.
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Other Issues

SubVI Overhead

Each call to a subVI involves a certain amount of overhead. This overhead
is fairly small, on the order of tens of microseconds, especially in
comparison to I/O overhead and display overhead, which can range from
milliseconds to tens of milliseconds. However, if you make 10,000 calls to
a subVI in a loop, the overhead could significantly affect your execution
speed. In this case, you might consider embedding the loop in the subVI.

Another way to minimize subVI overhead is to turn your subVls into
subroutines by selecting Execution from the top pull-down menu in the
File»VI Properties dialog box. However, there are some trade-offs.
Subroutines cannot display front panel data, call timing or dialog box
functions, or multitask with other VIs. Subroutines are generally most
appropriate for VIs that do not require user interaction and are short,
frequently executed tasks.

Unnecessary Computation in Loops

Avoid placing calculations in loops if the calculation produces the same
value for every iteration. Instead, move the calculation out of the loop and
pass the result into the loop. For example, consider the following two block
diagrams. The result of the division is the same every time through the loop,
so you can increase performance by moving the division out of the loop.

Unnecessary Computation in Loop Only Necessary Computation in Loop
(Slower Method) (Faster Method)

10000
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Also, avoid accessing local and global variables unnecessarily in loops. For
example, the following first block diagram wastes time by reading from the
global variable and writing to the global variable during each iteration of the
loop. If you know that the global variable is not read from or written to by
another block diagram during the loop, consider using shift registers to store
the data, as shown in the second block diagram.

FrooocH—

Frequent Access to Global Variable Minimize Access to Global Variable
(Slower Method) (Faster Method)

Notice that you need the shift registers to pass the new value from the subVI
to the next iteration of the loop. Beginning LabVIEW users commonly omit
these shift registers. Without using a shift register, the results from the subVI
are never passed back to the subVI as the new input value, as shown in the
following block diagram.

In the previous block diagram, the global variable is read once before the
loop begins, and the same value is passed to the function 10,000 times. The
result of the loop is the same as if you had written the code as shown in the
following block diagram.
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Parallel Diagrams

When several loops run in parallel on a block diagram, LabVIEW changes
between the loops periodically. If some of these loops are less important
than others, you should use the Wait (ms) function to ensure that the less
important loops use less time. For example, consider the following block
diagram.
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The two loops run in parallel. One of the loops acquires data and must
execute as frequently as possible. The other loop monitors user input.
Currently, both loops get equal time. The loop monitoring the user input can
execute several hundred times per second. In reality, this loop needs to
execute only a few times per second, because the user cannot make changes
to the interface very quickly. As shown in the following block diagram, you
can call the Wait (ms) function in the user interface loop to give significantly
more execution time to the other loop.
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Exercise 6-2 Charting Benchmark Example Vi

Objective: To observe the relative speeds of single-point and multiple-point charting using
the Profile window and the effects of multithreading on systems that support this
feature.

When you open the Charting Benchmark Example VI, two other subVI
front panels also open. These two subVIs plot the same data under different

conditions.
Front Panels
[*! Charting Benchmark Example. vi M= E3
File Edit Dperate Tools Browse Window Help CHART
EHCHHRK
#[=][@[n] P

Thiz | zends the game data to bwo sublz. Each dizplays the data using a different technique.
|Jze the Profile Window to measure the display performance of each subhl.

Run Sub-l's

B Update Chart 1 Paoint at a Time.vi

Wwaveform Chart
1.0+

: ||||‘ "u ||| 'a'|J||||I|' II‘M IH |u||‘\t| | 4 " ||"| |||‘J ‘||| ,IhulllII|J ﬁll‘ lI|,(’| |I"I\|||I\|\||,

|I"'||| "’ (R

1. If you are running LabVIEW on an operating system that supports
multithreading (Windows, Solaris2, or Concurrent PowerMAX), complete
steps a through c. If you are on a system that does not support
multithreading, skip to step 2.

a. Configure LabVIEW so that it does not use multithreading when it
runs VIs. Select Tools»Options to display the Options dialog box.

b. From the top pull-down menu of the Options dialog box, select
Performance and Disk. In the Performance and Disk section,
remove the checkmark from the Run with multiple threads
checkbox. Click OK.

c. Exit and restart LabVIEW so that the updated preferences take
effect. LabVIEW is now configured to run VIs under a single thread,
using co-operative multitasking.
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2. Close all other VIs you might have open.

3. Open the Charting Benchmark Example VI. The VI is already built for
you. When you open it, two other VIs also open.

The Charting Benchmark Example VI generates an array of 1,000
random numbers. When you click the Run SubVIs button, two subVIs
are executed. The Update Chart 1 Point at a Time subVI updates a chart
1,000 times. The second subVI, Update Chart 50 Points at a Time,
updates a chart 20 times, displaying 50 points each time. Select
Tools»Advanced»Profile VIs.
I Profile H=] 3
Stap | Snapshot I Save | I Timing Statistics | Timeinmiliseconds =]
[~ Timing Details _
[ Profile Memary Usage [~ Memory Usage | Size in kilobytes j
¥l Time Sub Vs Time | Total Time -
Update Chart 50 Points at a Time.vi 0o 0o 0o
Update Chart 1 Point at a Time. vi 0.0 0.0 0.0
Charting Benchmark Example.vi 0.0 0.0 0.0
4 o

4. Move the window so that it does not overlap any of the VI front panels.

5. Click the Start button in the Profile window. You see the VI Time,
SubVIs Time, and Total Time statistics in the table.

6. Run the Charting Benchmark Example VI. The VI does nothing until
you click the Run SubVIs button. Run the subVIs at least three or four
times. Then click the Quit button to stop the Charting Benchmark
Example VI

7. After running the subVIs several times, click the Snapshot button in the

LabVIEW Basics Il Course Manual

Profile window. Locate Charting Benchmark Example VI in the Profile
window and double-click it to display its subVIs. Notice the VI
execution times for the two subVIs. Recall that these are cumulative
times, not the amount of time needed to execute the subVIs once. Notice
that updating the chart one point at a time is the slowest method, and that
updating the chart several points at a time is the fastest method.
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Select the Timing Statistics option to view the average execution time
for the subVIs. Then select the Timing Details option and examine the
Display and Draw statistics. Notice that the Display statistic is largest
for the Update Chart 1 Point at a Time subVI and is very low for the
Update Chart 50 Points at a Time VI. Record the average execution time
in the following table.

Refer to the LabVIEW Help or the LabVIEW User Manual for more
information about these statistics.

Click the Stop button in the Profile window to stop the profiling session.
Then close the Profile window.

Close all open VIs and do not save any changes.

If you are running LabVIEW on a multithreading operating system,
place a checkmark in the Run with multiple threads checkbox on the
Execution page in the File» VI Properties dialog box and restart
LabVIEW. Repeat steps 3 through 10, noting in the table how much
faster the VIs execute when the display is running under its own
execution subsystem.

Table 6-1. Record of Execution Times

Average Execution Time
Multithreading Off | Multithreading On Percent Faster

Charting Benchmark %

Example VI

Update Chart 1 Point at %

a Time VI

Update Chart 50 Points %

at a Time VI

End of Exercise 6-2
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Exercise 6-3 Dialog & SubVI Demo VI

Objective: To observe how dataflow structure can affect execution speed.

Load and run a VI that plots a waveform pattern. Notice how the dataflow
affects the execution of the VI.

Front Panel
1. If you are running LabVIEW on an operating system that supports
multithreading (Windows, Solaris2, or Concurrent PowerMAX), complete
steps a though c. If you are on a system that does not support
multithreading, skip to step 2.

a. Configure LabVIEW so that it does not use multithreading when it
runs VIs. Select Tools»Options to display the Options dialog box.

b. From the top pull-down menu of the Options dialog box, select
Performance and Disk. In the Performance and Disk section,
remove the checkmark from the Run with multiple threads
checkbox. Click OK.

c. Exit and restart LabVIEW so that the updated preferences take
effect. LabVIEW is now configured to run VIs under a single thread,
using co-operative multitasking.

2. Open the Dialog & SubVI Demo VI. The VlIis already built for you. The
front panel contains a strip chart and several option buttons. This chart
shows two pieces of data, the running average of a simulated
temperature and a red plot showing how quickly these averages are

calculated.
AyeragesdSec ! || 00,00
Chart Temp &vg. 34 24
tirrrjprrrrrrrrrprrrrrrrrrprrr e rneg
1700 1720 1740 1760
Show Dialog FPop-Up ¥l Stop
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© National Instruments Corporation

Open the block diagram and examine it. Two While Loops run in
parallel. One loop handles data collection and analysis while the other
handles the user interface.

Run the VI. Notice the plot speed and the averages/second being
calculated.

Notice that the Averages/Sec value is periodic and dips very low. The
block diagram contains two While Loops running in parallel. The Plot
Loop (top) is the one generating the temperature average and the number
of averages per second. The dips in performance happen when the Menu
Loop executes and checks the values of the buttons on the front panel.
Performance increases when the Plot Loop runs.

Click the Show Dialog button. Notice the effect on the plot speed and
the Averages/Sec value. Recall that a loop cannot begin its next iteration
until the entire block diagram inside it finishes executing. In the Menu
Loop, the values from the buttons are read to determine which case
should be executed. If you click the Show Dialog button, Case 0 is
executed. The case does not complete until you click the OK button in

6-21 LabVIEW Basics Il Course Manual



Lesson 6 Performance Issues

LabVIEW Basics Il Course Manual

the dialog box. Thus, while the dialog box is displayed, the Plot Loop
does not need to share the processor with the Menu Loop.

Click the Pop-Up VI button. The Pop-up 2nd Process VI opens its front
panel and runs. Notice the effect on the first VI's Averages/Sec value. As
in the situation when you clicked the Show Dialog button, the Menu
Loop no longer executes until the Pop-up 2nd Process VI ends.
However, LabVIEW runs the second VI at the same time as the original
VI. The dips in performance appear when the second VI runs. Therefore,
LabVIEW executes multiple Vs in the same way it executes parallel
loops—each process gets an equal time-slice.

Click the Stop button.

8. Modify the Menu Loop so it includes a Wait (ms) function. Wire a

10.

constant value of 300 to the input of the function. Notice how the speed
of the Plot Loop changes.

Close the VI and do not save any changes.

If you are running LabVIEW on a multithreaded operating system, place
a checkmark in the Run with Multiple Threads checkbox on the
Execution page in the File»VI Properties dialog box. Exit and restart
LabVIEW. Repeat steps 2 through 9 and notice how multithreading
affects the execution speed of the Dialog & SubVI Demo VI.

If you want to magnify the results of this exercise, move windows with your
cursor while the Dialog & SubVI Demo VI runs. This increases the
processor workload creating more drastic results.

End of Exercise 6-3
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Exercise 6-4 Computation & Global Benchmark Vi

Objective: To observe the effects of unnecessary computation and global variable activity on VI
execution speed.

Use the Profile window to compare the performance of VIs that perform the
same tasks using different programming techniques.

Front Panel

Status: |ge

# loop iterations: :;]I?EDEIEI

1. Close all other VIs you might have open.

2. Open the Computation & Global Benchmark VI. The VI is already built
for you.

3. Select Tools»Advanced»Profile VIs. Click the Start button in the
Profile window. Do not gather any memory statistics.

4. Run the Computation & Global Benchmark VI. Click the Run SubVIs
button to run the following four subVIs. Run the subVlIs at least three or

four times.
# laop iterations # loop iterations
N =l
15.99374 I> . 15.99374 |>
|> wy Wi
1774584 x> 1774564 > &>
.-
4938333 I
4.933333
# loop iterations # loop iterations
N m
) L
n E
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5. After running the subVlIs several times, stop the VI and click the

Snapshot button in the Profile window. Locate the Computation and
Global Benchmark VI in the Profile window and double-click it to
display its subVlIs if they are not already displayed.

Notice the amount of time spent in each subVI. Specifically, compare
the amount of time spent executing Update Globals Inside Loop VI
versus Globals Outside of Loop VI and the time spent executing
Unnecessary Loop Computations VI versus Unnecessary Computations
Removed VL. Is this the behavior you expected? How would you apply
what you have learned in this exercise to your programming?

. Click the Stop button in the Profile window to stop the profiling session.

Then close the Profile window.

7. Close the VI. Do not save any changes.

End of Exercise 6-4
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D. System Memory Issues

LabVIEW transparently handles many of the details that you normally deal
with in text-based programming languages. One of the main challenges of
programming with a text-based language is memory use. In a text-based
programming language, you must allocate memory before you use it and
deallocate it when you are finished. You also must be particularly careful not
to accidentally write past the end of the memory you have allocated. Failure
to allocate memory or to allocate enough memory is one of the biggest
mistakes that programmers make in text-based programming languages.

LabVIEW’s dataflow programming removes much of the difficulty of
managing memory. In LabVIEW, you do not allocate variables, nor assign
values to and read values from them. Instead, you create a block diagram
with graphical connections representing the transition of data.

Functions that generate data allocate storage for those data. When data are
no longer needed, LabVIEW deallocates the associated memory. When you
add new information to an array or a string, LabVIEW allocates the
necessary memory.

This automatic memory handling is one of the chief benefits of LabVIEW.
However, because it is automatic, you have less control over it. You should
understand how LabVIEW allocates and deallocates memory so you can
design applications with smaller memory requirements. Also, an
understanding of how to minimize memory use can help you increase VI
execution speed, because memory allocation and copying data can take a
considerable amount of time.

LabVIEW Memory

Windows, Sun, and HP-UX—LabVIEW allocates memory dynamically,
taking as much as needed. This process is transparent to the user.

Macintosh—LabVIEW allocates a single block of memory at launch time,

out of which all subsequent allocations are performed. When you load a VI,
its components are loaded into this block of memory. Likewise, when you
run a VI, all the memory that it manipulates is allocated from this block.

On the Macintosh, you configure the amount of memory that LabVIEW
allocates at launch time by selecting the Get Info option from the File menu
in the Finder. Note that if LabVIEW runs out of memory, it cannot increase
the size of this memory pool. Therefore, you should set this parameter as
large as possible. Make sure to leave enough memory for any other
applications that you want to run at the same time as LabVIEW.
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Virtual Memory

VI Components
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When using Windows or Macintosh, you can use virtual memory to increase
the amount of memory available for your applications. Virtual memory uses
available disk space for RAM storage. If you allocate a large amount of
virtual memory, applications perceive this as memory that is available for
storage.

On the Macintosh, you allocate virtual memory using the Memory device in
the Control Panel folder. Windows, Sun, and HP-UX automatically manage
virtual memory allocation.

LabVIEW does not differentiate between RAM and virtual memory. The
operating system hides the fact that the memory is virtual. However,
accessing data stored in virtual memory is much slower than accessing data
stored in physical RAM. With virtual memory, you might occasionally
notice more sluggish performance because data are swapped to and from the
hard disk by the operating system. Virtual memory can help run larger
applications, but it is probably not appropriate for applications that have
critical time constraints.

VIs have the following major components:

* Front Panel

* Block Diagram

* Code—block diagram compiled to machine code

* Data—control and indicator values, default data, block diagram constant
data, and so on

When you load a VI, LabVIEW loads the front panel, the code, if it matches
the platform, and the data for the VI into memory. If the VI needs to be
recompiled because of a change in platform or in the interface to a subVI,
LabVIEW also loads the block diagram into memory.

LabVIEW also loads the code and data space of subVIs into memory. Under
certain circumstances, LabVIEW also loads the front panel of some subVIs
into memory. For example, if the subVI uses Property Nodes, LabVIEW
must load the front panel because Property Nodes manipulate the
characteristics of front panel controls.

As shown in the following example, you can save memory by converting
some of your VI components into subVlIs. If you create a single, large VI
with no subVIs, the front panel, code, and data for that top-level VI end up
in memory. If the VI is broken into subVIs, the code for the top-level VI is
smaller, and only the code and data of the subVIs is in memory. In some
cases, you might actually see lower run-time memory use.
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block block block
front panel diagram front panel diagram front panel diagram
code data space code data space code data space
Top-Level VI SubVi SubVI

always resident

resident when necessary
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E. Optimizing VI Memory Use

This section describes specific issues about using VI memory more
efficiently. We will discuss how to monitor and improve your memory use
and suggest ways to efficiently assemble and process arrays and data
structures.

How to Monitor Memory Use

As shown in the following example, select Memory Usage from the top
pull-down menu in the File» VI Properties dialog box to get a breakdown
of the memory usage for a specific VI. The left column summarizes disk use
and the right column summarizes how much RAM is used for the various
components of the VI. Notice that the information does not include memory
use of subVlIs.

=l VI Properties |
Categany: I Memary Uszage j|

Front Panel Objects: 31K

Block Diagram Objects: 19.6K

Ciode: 37K

Data: 21K

Total: 2.8k,

Total | Size O Disk: =39 7k

Carcel_|

You also can use the Profile window to monitor the memory used by all VIs
in memory.

E Note When monitoring VI memory use, be sure to save the VI before examining its
memory requirements. The LabVIEW Undo feature makes temporary copies of objects
and data, which can increase the reported memory requirements of a VI. Saving the VI
purges the copies generated by Undo, resulting in accurate reports of memory
information.
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General Rules for Better Memory Use
Use the following rules to create VIs that use memory efficiently.

Breaking a VI into subVIs usually improves memory use because
LabVIEW can reclaim subVI data memory when the subVI is not
executing.

Do not overuse global and local variables to store arrays or strings;
reading a global or local variable generates a copy of the data stored in
the variable.

On open front panels, display large arrays and strings only when
necessary. Indicators on open front panels retain a copy of the data that
they display.

If the front panel of a subVI will not be displayed, do not leave unused
Property Nodes on the subVI. Property Nodes cause the front panel of a
subVI to remain in memory, which increases memory use.

Do not use the Suspend Data Range option on time- or memory-critical
VIs. The front panel for the subVI needs to be loaded for range
checking, and extra copies of data are made for the subVI controls and
indicators.

When designing block diagrams, watch for places where the size of an
input is different from the size of an output. For example, if you
frequently increase the size of an array or string using the Build Array
or Concatenate Strings function, you generate copies of data, increasing
the number of memory allocations LabVIEW must perform. These
operations can fragment memory.

Use consistent data types for arrays and watch for coercion dots when
passing data to subVIs and functions. When LabVIEW changes data
types, the output is a new buffer.

Do not use complicated, hierarchical data types, for example, arrays of
clusters containing large arrays or strings, or clusters containing large
arrays or strings. The Simple vs. Complicated Data Structures section
later in this lesson contains more information about designing efficient
data types.

Assembling and Processing Arrays
When designing the block diagram, there are several steps you can take to
make your VI use memory more efficiently. For example, you can assemble
and process arrays in ways that minimize the amount of memory access
required.

LabVIEW stores arrays of numeric elements in contiguous blocks of
memory. If you use For Loops to assemble these arrays, LabVIEW can
determine the amount of memory needed and allocate the necessary space
prior to the first iteration. However, if you use While Loops, LabVIEW
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cannot predetermine the space requirements you will need. LabVIEW might
need to relocate the entire buffer as the array grows in size, perhaps several
times. The time needed for relocation increases with the size of the array.
Therefore, you should use For Loops to assemble arrays when possible,
rather than using While Loops or concatenating arrays with the Build Array
function.

array of
numbers

...............

array of
For Loop numbers
VS. [DBL]
WhileLoop 1 110

Inplaceness
When possible, LabVIEW’s compiler reuses a function’s input buffers to
store its output. This buffer sharing is called inplaceness. In the following
example, the Multiply function output uses the same buffer as the top input.
The array at the right is said to be inplace to array A.
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A A FP copy of &
B
=l VI Properties |
Cateqary: Mermomn Uzage j

Front Panel Objects: 2.0k,

Block Diagram Objects: 132K

Code: 2.8K

Data; 24 4k

Total; 48,3k

Total ¥l Size On Disk: 7.8k

Ok Cancel |

A function output reuses an input buffer if the output and the input have the
same data type, representation, and, in arrays, strings, and clusters, the same
structure and number of elements. Functions capable of inplaceness include
Trigonometric and Logarithmic functions, most Numeric functions, and
some string and array functions such as To Upper Case and Replace Array
Element. A function that shifts or swaps elements of an array, such as
Replace Array Element, can reuse buffers. Some functions such as Array
Subset and String Subset might not copy data but might pass pointers to the
subarrays or substrings. In the following illustration, A, B, C, and D identify
individual buffers. Build Array and Concatenate Strings are special
functions. They operate inplace when they can, but sometimes they must
allocate new buffers.
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Coercion and Consistent Data Types

Consider the Random Number (0-1) function, commonly used in the
examples shown in this course. This function produces double-precision,
floating-point (DBL) data. Therefore, DBL arrays are created at the border
of For Loops. To save memory, you might consider using single-precision
floating-point (SGL) arrays instead of DBL arrays. Of the following three
methods to create these SGL arrays, one is correct and two are incorrect.
Recall that each DBL value requires 8 bytes of memory, while each SGL
value requires 4 bytes of memory.
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Method 1 (Incorrect)

FP copy of &
’
C

=l VI Properties Ed |

Cateqony: I Memomny Uzage j

Front Panel Objects: 3.9k

Block Diagram Objects: 13.2K

Code; 1K

Drata: 24 3K

Tatal; ~44 5K

Tatal Wl Size On Dizk: =17 5k

k. Cancel |

Method 1 might be your first attempt to save data space memory. You might
think changing the representation of the array on the front panel (FP) to SGL
can save space memory. However, this method does not affect the amount of
memory needed by the VI, because the function creates a separate buffer to
hold the converted data. The coercion dot on the SGL array terminal
indicates the function created a separate buffer to hold the converted data.
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Method 2 (Incorrect)
C FF copypof C
[t=! VI Properties |

Categany: I Memary zage j

Front Panel Dbjects: 28K

Block Diagram Objects: 13,2k

Code: 3.4k,

Data: 28,3k

Total: ~48.9k,

Total ¥l Size On Disk: 175k

]S Cancel |

Method 2 is an attempt to remove the coercion dot by converting each
array to SGL using the To Single Precision Float function located on the
Functions»Numeric»Conversion palette. However, this method also
increases the size of the data space, because the function creates two new
buffers, C and D, to hold the new SGL arrays.
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Method 3 (Correct)
A A FP copy of &
B
IE>! VI Properties |
Cateqgary: M ermaory Uszage j
Front Panel Objects: 38K
Black Diagram Objects: 127k
Code: 30K
D ata: 12.7F.
Tatal: ~32 3k
Tatal ¥l Size On Dizk: ~1E.5k
k. Cancel |

Method 3 reduces the size of the data space considerably, from 24.8 KB to
12.8 KB. This method converts the Random Number (0-1) function output
to SGL before the array is created; therefore, this method creates two SGL
arrays at the border of a For Loop rather than two DBL arrays.

© National Instruments Corporation 6-35 LabVIEW Basics Il Course Manual



Lesson 6 Performance Issues

Simple vs. Complicated Data Structures

Simple data types, which include strings, numbers, Boolean data types,
clusters of numbers or Boolean data types, and arrays of numbers or
Boolean data types, are referenced in memory. Other data, referred to as
nested, or complicated data, is more difficult to reference. Examples of
nested data include arrays of strings, clusters containing arrays of clusters,
and arrays of clusters containing arrays.

Simple D ata

Complicated D ata

LabVIEW Basics Il Course Manual

For the best performance, avoid creating complicated data structures.
Performance can suffer because it is difficult to access and manipulate the
interior elements without generating copies of data. Therefore, keep your
data structures as flat as possible. Flat data structures can generally be
manipulated easily and efficiently.

Consider an application in which you want to record the results of several
tests. In the results, you want a string describing the test and an array of test
results. One data type that you might use to store this information is an array
of clusters containing a description string and an array of test data, as shown
in the following front panel.
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Now, consider what you need to do to change an element in the Test Data
array. First, you must index an element of the overall Tests array. For that
element, which is a cluster, you must unbundle the elements to get to the
array. You then replace an element of the array and store the resulting array
in the cluster. Finally, you store the resulting cluster in the original array. An
example of this is shown in the following illustration.

Test Resulks
2 [P ]

pozition ko update

tezt to update

132 &

Copying data is costly both in terms of memory and performance. The
solution is to make the data structures as flat as possible. In this case, you
could store the data in two arrays, as shown in the following block diagram.
The first array is an array of strings. The second array is a 2D array, where
each row is a given test’s results. In the following example, the front panel
contains new controls to store the data and the block diagram performs the
same change to the test data, as shown in the previous block diagram.
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Exercise 6-5 Assembling Arrays VI

Objective: To observe the speed of building arrays using several different methods.
Load and run a VI that creates an array of numbers using several methods.
Using the Profile window, compare the performance of VIs using For
Loops, While Loops, Auto-Indexing, and the Build Array function to create

arrays. Also, compare these methods with a technique that uses the Replace
Array Element function on an existing array.

Front Panel

b ethod

[dle...

Murnber of Array Elements ij1 0aaog

Test Stop

1. Close all other VIs that you might have open.
2. Open the Assembling Arrays VI.

3. To display the Profile window, select Tools»Advanced»Profile VIs.
Select the option to display timing statistics. Click the Start button in
the Profile window to begin a profiling session. Do not gather any
memory statistics.

4. Run the Assembling Arrays VI. To test the different array-building
methods, click the Test button. The Method indicator shows which
method is being tested. The VI tests six different methods.

5. After running the test several times, click the Snapshot button in the
Profile window.

We will now describe the six different array building techniques and why the
performance of these VIs differs.

Using the Profile window, place a checkmark in the Timing Statistics
checkbox and notice the average execution times shown.
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The Initialize Array function is slightly faster than an Auto Indexing For
Loop. In both instances, the array size is known and LabVIEW can allocate
the correct amount of memory only once. Recall that resizing requires more
execution time. Therefore the Initialize Array function or an Auto Indexing
For Loop are the best ways to create arrays.

Element

Iritialize Array
S ]
MNurmber af et t— (132]

Array Elements

Arrap Data

A For Loop executes a predetermined number of times. A While Loop does
not, so LabVIEW cannot predetermine how much memory to allocate if an
array is built inside a While Loop. When the array is built in a While Loop,
it is resized as needed. Each resizing requires the operating system to
allocate a new buffer and then copy the contents of the old buffer into the
new, larger buffer. The more resizing that occurs, the more time execution
takes. A For Loop requires less resizing, so it executes faster than a While
Loop. Notice this difference when comparing the Average execution time
for the For Loop using the Auto Indexing VI and While Loop using the Auto

Indexing VI.
Mumber of Aray  For Laop, E’hﬂﬁ; L;l:q:_u,
Elements Auto Indexing Wumber of uto |ndexing
Array Elements

132

If you can predetermine the maximum size of the array to be built, then you
can initialize this array and pass it into the While Loop. Once inside the
While Loop, each element can be updated or replaced as needed. This is
somewhat efficient, because the array does not need to be reallocated once
it is passed into the While Loop. This is still not as efficient as the For Loop
or Initialize Array function.

LabVIEW Basics Il Course Manual
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Mumber of

Array Elements

132

Initialize Array

Initialize Array, ‘While Loop
to Replace Elements

Array D ata

Avoid using the Build Array function inside a loop. Every time a new value
is appended to the array, LabVIEW must reallocate the buffer and copy the
entire array to the new location. Thus execution times for the Build Array

function are the slowest.

Humber of For Loop,
Array Elements Build Arrap
132 .

Initialize Aray Ervild

Ima

~ —eH

s

Array Data
[132]

Murnber of
Array Elements

YWhile Loop,
Build Array

6. Close the Profile window. Close the VI and do not save changes.

End of Exercise 6-5
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Exercise 6-6 Performance Enhancements VI
Objective: To improve the performance of a VI.

The Performance Enhancements VI was created to perform the following
tasks.

1. Acquire 1000 points of a waveform from a channel.
2. Save this data to disk.

3. Display the power spectrum of the acquired waveform.

The VI is poorly written. The VI consumes a lot of memory, runs slowly,
and is poorly documented. In addition, the VI does not give the desired
results for waveforms above 60 Hertz.

This project requires you to utilize information from the previous chapter as
well as draw upon other information in the course.

1. Close all VIs you might have open.

2. Open the Performance Enhancements VI in the Exercises\LV
Basics2 directory. Show the Profile window by selecting
Tools»Advanced»Profile VIs. Select Timing Statistics in the Profile
window.

3. Run the VI. After it finishes, click the Snapshot button in the Profile
window to view execution information about the VI. Notice how many
times Vs are called and which VIs being called multiple times are likely
to be slow. Notice which VIs were run many times and observe which
VIs you guess are likely to take longer execution times.

4. Select File»VI Properties and select Memory Usage from the top
pull-down menu. A well written VI for this application should consume
a total of about 25k of memory. Notice how much this poorly written VI
consumes.

5. Modify the VI to so that this application:
— Runs correctly for higher frequency waveforms.
— Runs faster.
— Uses better data structures and is easier to understand.
— Is better documented.

Use the tips in this lesson, information from other chapters in this
course, and the following tips to get started:

— Putting High Level VIs in loops creates redundant function calls.

— Gathering or plotting data one point at a time is less efficient than
acquiring multiple points.
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— Flat data types are more memory efficient than complex data
structures.

— There are a variety of ways to document a V1.
Save the modified VI.

Run the VI. Notice improvements in run time and memory usage. Also
notice the improvements in readability and simplicity of code.

@ Note Make sure you save the VI before you examine its memory usage. This prevents
the LabVIEW Undo feature from allocating memory unnecessarily.

8. When you are satisfied with the VI, save it as Performance
Improvements.vi.

End of Exercise 6-6
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Exercise 6-7

Performance Challenge VI/
Maximized Performance Vi

Objective: To improve the performance of a VI.

LabVIEW Basics Il Course Manual

The Performance Challenge VI performs the following tasks.

1. Generates four runs of data. Each run should consist of an array of
5,000 data points and a string containing a time stamp of when the data
were taken. Each element needs only digits of precision.

2. Saves all acquired data and associated time stamps to disk. The file will
be used only in LabVIEW applications, so it does not need to be in any
specific format.

3. Finds the maximum value in each run of data and plot 100 points around
the maximum value to a waveform graph. The final graph should contain
four traces, one for each run of data.

This VI is poorly written. It runs slowly and takes more memory than
necessary. In this exercise, optimize the VI to increase its run speed while
decreasing its memory requirements.

1. Close all VIs you might have open.

2. Open the Performance Challenge VI. Show the Profile window by
selecting Tools»Advanced»Profile VIs. Before running Performance
Challenge, select Timing Statistics and Timing Details in the Profile
window so that you can gain a better understanding of the VI run time.

3. Run the VI. After it finishes, click the Snapsheot button in the Profile
window to view execution information for the VI. When looking at this
information, notice how much time is taken updating local variables,
and also how many times this application calls the file I/O subVIs.

4. Select File»VI Properties. Select Memory Usage from the top
pull-down menu. Notice the considerable amount of memory taken by
the data in this VI.

5. Modify the VI to improve the run speed and reduce the amount of
memory required. Use the tips in this lesson and the following
guidelines to get you started:

* Local variables increase memory requirements and slow run speed,
especially when they are accessed in loops.

* Create arrays in an efficient manner.

*  Minimize the amount of file I/O operations performed in an
application. Only open and close a file when necessary.

* Avoid unnecessary computations and data conversions, especially
in loops.
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*  Minimize and simplify front panel displays.

* Use simple data structures.

@ Tip You only need to meet the requirements of the application described previously.
How you choose to implement this application is up to you.

6. Save the modified VI.

7. Runthe VI, noticing the speed improvements in the Profile window and
the memory use improvements in VI Properties. You might want to
repeat steps 5 through 7 several times, further optimizing the
application.

@ Note Make sure you save the VI before you examine its memory requirements. This
prevents the LabVIEW Undo feature from allocating memory unnecessarily.

8. When you are satisfied with the VI, save it as Maximized
Performance.vi.

End of Exercise 6-7
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Summary, Tips, and Tricks

LabVIEW Basics Il Course Manual

Depending on the operating system, LabVIEW uses either multithreading
or co-operative multitasking to perform tasks simultaneously. With
multithreading, different tasks can use different execution threads, whereas
in a co-operative multitasking system, different tasks use the same execution
thread.

Use the Profile window to gauge VI performance and to help you locate the
tasks that require most of your VI’s run time and memory use. You can then
concentrate on improving those troublesome areas to enhance the overall
performance of your VI.

Use the following tips to speed up your VlIs:

* Reduce the number of I/O calls you make by reducing the amount of
data you acquire, or by acquiring more data in fewer calls.

* Reduce the number of controls and indicators you have on the front
panel.

* Avoid using autoscaling on graphs and charts.

* Update graphs and charts with several points at a time, not one point at
a time.

* Force less important parallel tasks to wait, using the Wait (ms) function,
so more crucial ones have more processor time.

* Avoid unnecessary computation in looping structures.

Although LabVIEW removes much of the difficulty in managing computer
memory, you also have less control over that process. Remember, you can
monitor your computer’s memory by accessing the Memory Usage page in
the File» VI Properties dialog box and in the Tools»Advanced»Profile
VIs window.

Virtual memory has advantages and disadvantages. It can significantly
increase the amount of RAM available for LabVIEW and your VIs.
However, because that RAM is located on the hard drive, performance
suffers when it is accessed.

Breaking large top-level VIs into several smaller subVIs reduces the amount
of memory consumed in your application and can improve performance.
Use the following tips to improve the overall performance of your VIs:

* Avoid overusing local and global variables.

* Avoid displaying and manipulating large arrays and strings.

¢ Use functions that reuse data buffers.
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* Use consistent data types. In other words, avoid coercion dots.
* Use simple data structures that are as flat as possible.

*  When generating arrays inside loops whose representation must be
changed, change the representation inside the loop, not after.
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Notes
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Appendix
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This appendix contains the following sections of useful information for
LabVIEW users:

A. Polymorphic subVIs

B. Custom Graphics in LabVIEW

C. The LabVIEW Web Server

D. Additional Information

E. ASCII Character Code Equivalents Table
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A. Polymorphic SubVls

LabVIEW Basics Il Course Manual

LabVIEW built-in functions can handle different types of data for the same
terminal, a capability called polymorphism. An example of polymorphism
is the Add function.

Scalar &

Scalar B |>

Claster &

A+B

Array b

Rezulting Arrap

It is also possible to create your own polymorphic VIs, which can handle
more than one type of data for the same terminal. These polymorphic VIs
can then be used as polymorphic subVIs.

Using polymorphic VIs allows you to present a much simpler interface to

the users of your VIs. Consider the case of a polymorphic VI that can sort
either 1D or 2D arrays. Instead of having one VI for sorting 1D arrays and
another subVI for sorting 2D arrays, one VI called Sort Array handles both
types of inputs.

Unzorted Array E-’H Saorted Array
Order - gort - Ernor

Sort Poly Amray_vi

Complete the following steps to create your own polymorphic VI.

1. Create a set of VIs having the same connector pane pattern, one for
different sets of data types.

2. Create a polymorphic VI by selecting File»New and selecting
Polymorphic VI in the New dialog box. The Polymorphic VI builder
dialog box appears.
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B! Untitled 1 Polymorphic VI I |
File Edit Toolz Browse “Window Help
i
1
Subvl: @R
Addl .. R ermowve Wl Edit icon... |
Edit Menu ltem...

3. Add each of the set of VIs to the polymorphic VI using the Add VI

button.

4. You can create an icon for the polymorphic VI using the Edit Icon
button. You also can create context help for the polymorphic VI by
selecting Documentation from the top pull-down menu in the File»VI1
Properties dialog box.

E Note Context help for the polymorphic VI is not associated with context help for the VIs
that compose the polymorphic VI. Therefore, you must create new context help by using

the Documentation page in the File» VI Properties dialog box.

A polymorphic VI is a collection of subVIs with the same connector pane
patterns. Each subVI is an instance of the polymorphic VI. When data are
wired to a polymorphic subVI, LabVIEW automatically chooses which
instance to use based on the types of data wired to the inputs of the
polymorphic subVI. If the instance is not available, a broken wire appears.
You can override LabVIEW’s automatic selection by right-clicking the
polymorphic subVI and selecting a specific instance VI from the Select

Type pull-right menu.

© National Instruments Corporation

A-3

LabVIEW Basics Il Course Manual



Appendix

Exercise A-1  Sort Poly Array
Objective: To create a polymorphic VI and use it as a subVI.
Using polymorphic VIs allows you to present a much simpler interface to

the users of your VIs. Consider the case of a polymorphic VI that can sort
either 1D or 2D arrays. Two individual VIs can do this function.

Sart 10 Array Sart 20 Array.vi

o -

[~ [u]

+

Instead of having one VI for sorting 1D arrays and another subVI for sorting
2D arrays, one VI called Sort Array handles both types of inputs. In this
exercise, create this VL.

1. Create a VI that sorts a 1D array. This VI should also include an option
to sort in ascending or descending order and pass out an error Boolean
object. The following example is a suggested front panel. You need to
create the front panel and block diagram and test the code you write.

: Unzarted Amay Sarted Array
o | 200 At foo

500 0.00
200 0.00
500 0.00
200 0.00
100 0.00

T

:

Order Ermor

2

v

Azcending

2. Create an icon connector pane using the following configuration.

sorey—— s
Crder -~ “ Error

@ Note Use the same icon connector pane for the Sort 2D Array instance. Otherwise the
polymorphic VI produces broken wires.
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Save your work as Sort 1D Array+.vi.

The Sort 2D Array function is already built for you. However, you need
to complete the icon connector pane. This example was downloaded
from ni . com\ support in the Example Programs Database. Open this
file from exercises\LV Basics2\Sort 2D Array.vi.

Create and wire the icon connector pane for the Sort 2D Array VI. Even
though the icon connector pane is already built, you might want to
modify it to help differentiate it from the Example program. You do not
need to wire all the controls and indicators on this front panel. Recall the
configuration used for the Sort 1D Array VI.

Inzorted Aray E Sorted Amay
I a— - . Emor

6.

Save this new VI as Sort 2D Array+.vi.

Now create the polymorphic VI, which is composed of the Sort 1D Array+
instance and the Sort 2D Array+ instance.

7.

© National Instruments Corporation

To combine the two instances into one polymorphic VI, select File»New
and select Polymorphic VI. If you are at the welcome screen, select
Polymorphic VI from the New VI pull-down menu.

5! Untitled 5 Polymorphic VI I
File Edt Toolz Browse “Window Help
=4
Subivls @R

I

Addl . R ermowve W Edit izor.... |

Edit Mernu [tem...
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10.

11

Add the Sort 1D Array+ and Sort 2D Array+ VIs using the Add VI
button. You might need to browse to the directories where you saved
these VIs.

Create an icon for this new polymorphic VI by selecting the Edit Icon
button.

Create context help for this VI by selecting Documentation from the
top pull-down menu in the File» VI Properties dialog box.

. Save your VI as Sort Poly Array.vi.
12.

Use this VI as a subVI in another VI to test the functionality. Notice the
help screen. Also notice what happens when you double-click the
polymorphic VI. What happens if you select a particular context by
right-clicking and selecting Select Type?

End of Exercise A-1
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B. Custom Graphics in LabVIEW

There are several LabVIEW features available for giving front panels a more
professional, custom look. These features, provided with the LabVIEW full
and professional development system, provide custom graphics and
animation features to the user interface.

Decorations

One of the most straightforward methods to enhance a user interface is to
apply the LabVIEW Decorations to a front panel as you did in Lesson 2,

Designing Front Panels. Through careful use of the decorations, you can
increase the readability of the front panels.

Importing Graphics
You can import graphics from other VIs for use as background pictures,
items in ring controls, or parts of other controls. However, before you can
use a picture in LabVIEW, you need to load it into the LabVIEW Clipboard.
There are one or two ways to do this, depending on your platform.

*  Windows—If you can copy an image directly from a paint program to
the Windows Clipboard and then change to LabVIEW, LabVIEW
automatically imports the picture to the LabVIEW Clipboard. You also
can use the Import Picture from File option from the LabVIEW Edit
menu to import a graphics file into the LabVIEW Clipboard. LabVIEW
recognizes graphics files in the following formats: CLP, EMF, GIF,
PCX, BMP, TARGA, TIFF, LZW, WFM, and WPG.

* Macintosh—If you copy from a paint program to the Clipboard and then
change to LabVIEW, LabVIEW automatically imports the picture to the
LabVIEW Clipboard.

* UNIX—You can use the Import Picture from File option from the
UNIX Edit menu to import a picture of type X Window Dump (XWD),
which you can create using the xwd command.

After a picture is on the LabVIEW Clipboard, you can paste it as a static
picture on the front panel, or you can use the Import Picture option of a
shortcut menu, or the Import Picture options in the Control Editor.

Custom Controls
You can customize LabVIEW controls and indicators to change their
appearance on the front panel. You also can save these controls for use in

other VIs. Programmatically, they function the same as standard LabVIEW
controls.

© National Instruments Corporation A-7 LabVIEW Basics Il Course Manual



Appendix

Control Editor

Launch the Control Editor by selecting a control on the front panel and
selecting Edit»Customize Control. The Control Editor appears with the
selected front panel object in its window. The Control Editor has two modes,
edit mode and customize mode.

Edit Mode
In edit mode, you can right-click the control and manipulate its settings as
you would in the LabVIEW programming environment.
| Cantral |« ” 13pt Application Font | ” :m" Fﬁ:vnfbvi
Edit Mode Type Def. Text Align  Distribute Reorder
Status Objects Objects  Objects

Customize Mode

In customize mode, you can move the individual components of the control
around with respect to each other. For a listing of what you can manipulate
in customize mode, select Window»Show Parts Window.

| Contral [+ I| 13pt Application Fort | = || =F"I

o [

Customize Type Def. Text Align  Distribute Reorder
Mode Status Objects Objects  Objects

One way to customize a control is to change its type definition status. You
can save a control as a control, a type definition, or a strict type definition,
depending on the selection showing in the Type Def. Status ring. The
control option is the same as a control you would select from the Controls
palette. You can modify it in any way you need to, and each copy you make
and change retains its individual properties.

A Type Definition control is a master copy of a custom control. All copies
of this kind of custom control must be of the same data type. For example,
if you create a Type Definition custom control having a numeric
representation of Long, you cannot make a copy of it and change its
representation to Unsigned Long. Use a Type Definition when you want to
place a control of the same data type in many places. If you change the data
type of the Type Definition in the Control Editor, the data type updates
automatically in all VIs using the custom control. However, you can still
individually customize the appearance of each copy of a Type Definition
control.
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A Strict Type Definition control must be identical in all facets everywhere
you use it. In addition to data type, its size, color, and appearance must also
be the same. Use a Strict Type Definition when you want to have completely
identical objects in many places and to modify all of them automatically.
You can still have unique labels for each instance of a Strict Type Definition.

Saving Controls
After creating a custom control, you can save it for use later. By default,
controls saved on disk has a . ct1 extension. You also can place controls in
the Controls palette using the same method as that you used to add subVIs
to the Functions palette.

You also can use the Control Editor to save controls with your own default
settings. For example, you can use the Control Editor to modify the defaults
of a waveform graph, save it, and later recall it in other VIs.
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Exercise A-2
Objective: To use the Control Editor to modify a control.

1. Open a new front panel.

2. Place a Horizontal Pointer Slide located on the Controls»Numeric
palette on the front panel. Right-click the slide and select Visible
Items»Digital Display.

Modifying the Control

3. Launch the Control Editor by selecting the slide with the Positioning
tool and selecting Edit»Customize Control. Using the Operating tool,
move the slide to the middle of the front panel to allow more work space.

4. Right-click the digital display and select Replace»Numeric»Meter.
Position the meter above the slide, as shown in the following example.

5. Hide the slide scale by right-clicking the slide and selecting
Scale»Style»None.
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6. Close the Control Editor by selecting Close from the File menu. Save
the control as Custom Slider.ctl, then click Yes to replace the
existing one. The modified slider is shown on the front panel.

@ Note You can save controls that you create like you save VIs. You can load saved
controls using Select a Control from the Controls palette. Controls have a .ctl
extension.

7. Manipulate the slider and watch the meter track its data value.

8. Close the VI. Do not save changes.

End of Exercise A-2
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Exercise A-3 Custom Picture Exercise VI
Objective: To create a custom Boolean indicator.

Build a VI that uses custom Boolean indicators to show the state of a Bunsen
burner and flask being heated. The pictures representing the on and off states
of the Bunsen burner and the flask are already drawn for you.

Front Panel

GDN

Burner Switch

1. Open the Custom Picture Exercise VI in exercises\Basics2
directory.

The VI contains a vertical rocker switch to turn the Bunsen burner on
and off, and a button to quit the application. It also contains two graphics
representing the on and off states of the Bunsen burner, and two graphics
representing the boiling and non-boiling states of the flask.

2. To create the custom flask Boolean object, complete the following steps.

a. Right-click an open area on the front panel and select Square LED
from the Controls»Classic Controls»Boolean palette. Label the
LED Flask.

b. Using the Positioning tool, select the graphic that shows the contents
of the flask boiling and select Edit»Cut. Click the Flask LED
indicator and select Edit»Customize Control. The Control Editor
now appears with the Flask LED displayed. Right-click the LED and
select Import Picture»True. This custom picture now represents
the TRUE state.

E Note The default state of the LED is FALSE. If you do not see the picture, the LED is
probably in the FALSE state.
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c. Change to the front panel by clicking it. Using the Positioning tool,
select the graphic of the flask that shows the contents of the flask not
boiling, and select Edit»Cut. Change to the Control Editor window
by clicking it.

d. Right-click the boiling flask and select Import Picture»False. This
custom picture now represents the FALSE state.

e. Select Apply Changes from the File menu, and close the Control
Editor. Do not save the custom control.

3. Right-click an open area and select Square LED from the
Controls»Classic Controls»Boolean shortcut menu. Label the LED
Flame.

4. Using the previous steps, make the LED look like a Bunsen burner. The
TRUE state should show the burner on; the FALSE state should show
the burner off.

5. Hide the labels of both Boolean indicators by right-clicking them and
selecting Visible Items»Label. Select both Boolean indicators and
align them on horizontal centers using the Align Objects tool.

Block Diagram

6. Complete the following block diagram.

Burner Switch

LTE]

7. Save the VI under the same name.

8. Return to the front panel and run the VI. Turn the Burner Switch on and
off and notice the custom Boolean change.

9. Stop the VI by clicking the Quit button. If you click the Quit button
while the burner is on, a dialog box notifies you that the burner must be
off before you can shut down the system.

10. Close the VI when you are finished.

End of Exercise A-3
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C. The LabhVIEW Web Server

The Web is one of the most popular ways to share information, and it is a
good way to share your measurement and automation data. LabVIEW
contains several methods to help you publish your data to the web and create
HTML documents. Lesson 3 describes DataSocket and how it uses the URL
method to describe and access LabVIEW data.

Another method is to use the LabVIEW Web Server to publish images of
your VI front panels on the Web. By default, after you enable the Web Server
all VIs are visible to all Web browsers. However, you can control browser
access to the published front panels and configure which Vs are visible on
the Web. To display VI front panels on the Web, the VIs must be in memory
on your computer.

To configure the Web Server, select Tools»Options and select Web Server:
Configuration from the top pull-down menu.

The Web Server: Configuration window is where you enable the Web
Server. The default Web Server configuration is suitable for most
applications. If you need to change this default configuration, refer to the
LabVIEW help.

The Web Server: Browser Access window allows you to configure which
browser addresses can view your VI front panels. When a Web browser
attempts to obtain a VI front panel image, the Web Server compares the
browser address to the entries in the Browser Access List to determine
whether it should grant access. If an entry in the Browser Access List
matches the browser address, the Web Server permits or denies access based
on how you set up the entry. By default all browsers have access to the
LabVIEW Web Server. Refer to the Context Help window for more
information about the syntax used to specify browser access.

The WebServer: Visible VIs window lets you specify which VIs are
accessible to a Web browser. When a Web browser attempts to obtain a VI
front panel image, the Web Server compares the VI name to the entries in
the Visible VIs list to determine whether it should grant access. If an entry
in the Visible VIs list matches the VI name, the Web Server permits or
denies access to that VI image based on how you set up the entry. By default,
the front panel images of all VIs are visible. Refer to the Context Help
window for more information about the syntax used to specify visible VIs.

E Note Use the LabVIEW Enterprise Connectivity Toolset to control VIs on the Web and
to add more security features to VIs you publish on the Web. Refer to the National
Instruments Web site for more information about this toolset.
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The LabVIEW Web Publishing Tool

You also can use the Tools»Web Publishing Tool to create an HTML
document and embed static or animated images of the front panel. You also
can embed images of the front panel in an existing HTML document.

/i Web Publishing Tool |

Document Title Sample Image [not updated]
IEenerate % Analyze Data Document Title
Text 1 Text that is going to be displared
Tewt that iz going to be dizplaved before the image of the Wl Panel. - before the image of the V1 pazel.
FPanel of ¥1 HName
- z
— ¥l Hame —
[Generate & &nalyze Data. vi |j v Border [~ Animated
b Text that iz going to be displayed
after the image of the W1 panel.
Text 2
Text that iz going to be displayed after the image of the 'l Panel. -
Freview in Browser
i Save to Digk
Start *w'eb Server | nztructions Diohe

Click the Instructions button to display information about how to add a title
to your HTML file and how to add text before and after your VI front panel.
Enter a VI name in the VI Name field or select Browse from the VI Name
pull-down menu and navigate to a VL.

@ Note To display VI front panels on the Web, the VIs must be in memory on your
computer.

You can preview the document in your default browser by clicking the
Start Web Server button and then clicking the Preview in Browser button.
If the Start Web Server button is dimmed, the Web Server is already
running. When you click the Save to Disk button, the title, text, and VI front
panel image are saved in an HTML document. If you want to view the
document from a remote computer, save the HTML document in the Web
Server root directory, usually 1abview\www. The Document URL dialog
box appears with the URL for your HTML document.
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Exercise A-4 Generate & Analyze Data

Objective:

To use the LabVIEW Web Server tools to display a front panel in a web browser.

Open the VI you built in Exercise 1-1, the Generate & Analyze Data VI,
and save its front panel into an HTML document.

Front Panel

Sine Frequency  Sine Amplitude

500.0- 10-
400.0- 8-
300.0- B-
200.0- 4-
100.0- 2
0.0- 0-W

Maize Amplitude
10-

Sampling Info

Fs
r/:||1 00k

fs -
};:llznn.un ;'.

averaging parameters

averaging mode

ﬂh‘\l 0 averaging |
weighting mode
|E wponential

number of averages

——

(£ Lo [

—

Time ‘W aveform

2.0-

Amplitude

2.0-1
0.0

.ﬂ ! ! I m "| 1 ﬂ| |‘ ’ q\
W{WJW::‘ \\ Hh

Flat 0

F ~|| | \ N

1000m  150.0m 2000

Time

501

Power Spec
0E-

0.5-

trLIm Flat 0

o Dd-
3
= 03-
=
< 0.z2-

01-

e e

0. EI 100.0 200.0 a0n.0 400.0 R00.0
Freguency
STOFP

Basics2 directory.

W

Open the Generate & Analyze Data VI from the exercises\Lv

Enable and configure the Web Server by selecting Tools»Options.

Select Web Server: Configuration from the pull-down menu at the top

of the Options dialog box and place a checkmark in the Enable Web

Server checkbox.
Click the OK button to close the Options dialog box. The LabVIEW

>

Web Server is now running.
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Run the VI for a few seconds and stop it.

6. Select Tools»Web Publishing Tool. Click the Instructions button and
read how to use this tool.

7. Click the continue link and configure the following window.

it>! Web Publishing Tool

I
Document Title Sample Image [not updated]
IEenerate % Analyze Data Document Title
Text 1 Textt that is going to be displayed
Thiz I was the first exercize completed in the LabVIEW Bazics | - befors the Image of the V1 pazel.
courze. |t generates noisy sine waves and caloulates the frequency T e
responze.
- :
— ¥l Hame -,,.
[Generate & dnalyze Data.vi |j v Border [~ Animated
2 Text that is going to be displagred
after the image of the VI panel.
Text 2
Mo thiz ¥l iz being uzed in the last exercize of the LabYIEW Basicz || [«
courge ko demanstrate the web publizhing toals in Labb B,
Freview in Browser
i Save to Disk
Start wieb Server Inztruchons Daone

8. Click the Preview in Browser button to open and display the front panel

in a web browser. A window similar to the one shown in the next figure
appears.
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; Generate BAnalyze Data - Microzoft Internet Explorer

J File Edit “iew Favortes Toolz  Help |

j¢,».@@@@®%v

Back Eanard Stop  Refresh  Home Search Favontes  History b ail Print
J.-i‘-.gldress @ kittp: A/ customered] 23400k emp00. him j & Go JLinks 2

Generate & Analyze Data

This WI was the first exercize completed m the LabVIEW Basics I course. It generates notsy
sine waves and calculates the frequency response.

Sine Frequency  Sine Ampliude | M2 Wavefom Poto A
R00.0- 1|:|—_ 2.0+ |
400.0- 8-
= 1.0-

00- e ; H\ | P I ‘HI | 'H \ '|‘

= - %n.n |M ||| H' || |w
100.0- Z = H i | N N |

0.0- o-lw 1.0- ~ l' | ’
Sampling Infa  Moize Amplitude

= 10- 20

p E—- 0.0 a0, Elm 1 |:||:|. O 1 EEI.I:Im EEIEI.EIm
5“__1"]% - Time | [~

@] Dore I_I_ 2a) Local intranet o

@ Note The Animated option only works with Netscape Navigator. You can only view
static images using Internet Explorer.

9. Return to the Web Publishing Tool window and click the Save to Disk
button to save the title, text, and VI front panel image in an HTML
document. Save the document as Generate & Analyze Data.htm
in the LV Basics 2 directory. A warning message appears, telling you
where to install the file if you want other machines to view it.

10. Click the Done button to exit the Web Publishing Tool.

11. Go back to the Browser application and type the following URL into the
address: http://127.0.0.1. This specifies the local machine. The
following window appears.
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l—m o
/2 L abVIEW Web Server - Microsoft Internet Explorer
J File  Edit “iew Favorites Tool:  Help |

j@,#,@ﬁ@@Q%v

Back Fanard Stop  Refresh  Home Search Fawortez  Higtory bd il Frint

| Address [&] hitp://127.0.0.1 =] @Go | [Links

LabVIEW Web Server - =

These pages describe how you can add your LabVIEW application to the
World Wide VWeb using LabVIEWY's integrated web server.

World Wide Web Overview
A short introduction to the World Wide Web.

LabVIEW Web Services
Information about the built in LabWVIEWY web server and how to perform
basic configuration.

Publishing Documents
Explanation on how to publish HTKWL and other documents using the
LabYIEVY web server,

Publishing ¥l Images

Mo erimticm besse te moiklich ifmacse 2nAd anieaatione ~F VI j
i

& I_ I_ o Intemet

12. Read the information and close the browser when you are finished.

13. Turn off the Web Server by selecting Tools»Options to display the
Options dialog box.

14. Select Web Server: Configuration from the top pull-down menu of the
Options dialog box and remove the checkmark from the Enable Web
Server checkbox.

15. Click the OK button to close the Options dialog box.
16. Close the Generate & Analyze Data VI.

End of Exercise A-4

© National Instruments Corporation A-19 LabVIEW Basics Il Course Manual



Appendix

D. Additional Information

This section describes how you can receive more information regarding
LabVIEW, instrument drivers, and other topics related to this course.

National Instruments Technical Support Options

LabVIEW Basics Il Course Manual

The best way to get technical support and other information about
LabVIEW, test and measurement, instrumentation, and other National
Instruments products and services is the NI Web site at ni . com

The support page for the National Instruments Web site contains links to
application notes, the support knowledgebase, hundreds of examples, and
troubleshooting wizards for all topics discussed in this course and more.

Another excellent place to obtain support while developing various
applications with National Instruments products is the NI Developer Zone
atni.com/zone

The NI Developer Zone also includes direct links to the instrument driver
network and to Alliance Program member Web pages.

The Alliance Program

The National Instruments Alliance Program joins system integrators,
consultants, and hardware vendors to provide comprehensive service and
expertise to customers. The program ensures qualified, specialized
assistance for application and system development. Information about and
links to many of the Alliance Program members are available from the
National Instruments Web site.

User Support Newsgroups

The National Instruments User Support Newsgroups are a collection of
Usenet newsgroups covering National Instruments products as well as
general fields of science and engineering. You can read, search, and post to
the newsgroups to share solutions and find additional support from other
users. You can access the User Support Newsgroups from the National
Instruments support Web page.

Other National Instruments Training Courses

National Instruments offers several training courses for LabVIEW users.
The courses are listed in the National Instruments catalog and online at
ni.com/custed. These courses will continue the training you received
here and expand it to other areas. You can purchase just the course materials
or sign up for an instructor-led hands-on course by contacting National
Instruments.
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LabVIEW Publications
LabVIEW Technical Resource (LTR) Newsletter

Subscribe to LabVIEW Technical Resource to discover power tips and
techniques for developing LabVIEW applications. This quarterly
publication offers detailed technical information for novice users as well
as advanced users. In addition, every issue contains a disk of LabVIEW
VIs and utilities that implement methods covered in that issue. To order
LabVIEW Technical Resource, call LTR publishing at (214) 706-0587
or visit 1trpub.com

LabVIEW Books

Many books have been written about LabVIEW programming and
applications. The National Instruments Web site contains a list of all the
LabVIEW books and links to places to purchase these books. Publisher
information is also included so you can directly contact the publisher for
more information on the contents and ordering information for LabVIEW
and related computer-based measurement and automation books.

The Info-labview Listserve

Info-labview is an e-mail group of users from around the world who
discuss LabVIEW issues. The people on this list can answer questions about
building LabVIEW systems for particular applications, where to get
instrument drivers or help with a device, and problems that appear.

Send subscription messages to the info-labview list processor at:

listmanager@pica.army.mil

Send other administrative messages to the info-labview list
maintainer at:

info-labview-REQUEST@pica.army.mil

Post a message to subscribers at:

info-labview@pica.army.mil

You might also want to search the ftp archives at:

ftp://ftp.pica.army.mil/pub/labview/

The archives contain a large set of donated VIs for doing a wide variety of
tasks.
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E. ASCII Character Code Equivalents Table

The following table contains the hexadecimal, octal, and decimal code
equivalents for ASCII character codes.

Hex Octal | Decimal | ASCII Hex Octal | Decimal | ASCII
00 000 0 NUL 20 040 32 SP
01 001 1 SOH 21 041 33 !
02 002 2 STX 22 042 34 "
03 003 3 ETX 23 043 35 #
04 004 4 EOT 24 044 36 $
05 005 5 ENQ 25 045 37 %
06 006 6 ACK 26 046 38 &
07 007 7 BEL 27 047 39 '
08 010 8 BS 28 050 40 (
09 011 9 HT 29 051 41 )
0A 012 10 LF 2A 052 42 *
0B 013 11 VT 2B 053 43 +
0C 014 12 FF 2C 054 44 ,
0D 015 13 CR 2D 055 45 -
OE 016 14 SO 2E 056 46
OF 017 15 SI 2F 057 47 /
10 020 16 DLE 30 060 48 0
11 021 17 DC1 31 061 49 1
12 022 18 DC2 32 062 50 2
13 023 19 DC3 33 063 51 3
14 024 20 DC4 34 064 52 4
15 025 21 NAK 35 065 53 5
16 026 22 SYN 36 066 54 6
17 027 23 ETB 37 067 55 7
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Hex Octal | Decimal | ASCII Hex Octal | Decimal | ASCII
18 030 24 CAN 38 070 56 8
19 031 25 EM 39 071 57 9
1A 032 26 SUB 3A 072 58
1B 033 27 ESC 3B 073 59 ;
1C 034 28 FS 3C 074 60 <
1D 035 29 GS 3D 075 61 =
1E 036 30 RS 3E 076 62 >
IF 037 31 uUsS 3F 077 63 ?
40 100 64 @ 60 140 96 :
41 101 65 A 61 141 97 a
42 102 66 B 62 142 98 b
43 103 67 C 63 143 99 c
44 104 68 D 64 144 100 d
45 105 69 E 65 145 101 e
46 106 70 F 66 146 102 f
47 107 71 G 67 147 103 g
48 110 72 H 68 150 104
49 111 73 I 69 151 105 i
4A 112 74 J 6A 152 106
4B 113 75 K 6B 153 107 k
4C 114 76 L 6C 154 108 1
4D 115 77 M 6D 155 109 m
4E 116 78 N 6E 156 110 n
4F 117 79 O 6F 157 111 0
50 120 80 P 70 160 112 p
51 121 81 Q 71 161 113 q
52 122 82 R 72 162 114 r

© National Instruments Corporation
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Hex Octal | Decimal | ASCII Hex Octal | Decimal | ASCII
53 123 83 S 73 163 115 S
54 124 84 T 74 164 116 t
55 125 85 U 75 165 117 u
56 126 86 \Y% 76 166 118 v
57 127 87 W 77 167 119 w
58 130 88 X 78 170 120 X
59 131 89 Y 79 171 121 y
5A 132 90 Z TA 172 122 z
5B 133 91 [ 7B 173 123 {
5C 134 92 \ 7C 174 124 I
5D 135 93 ] 7D 175 125 }
SE 136 94 A TE 176 126 ~
SF 137 95 _ 7F 177 127 DEL
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