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Introduction

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) is a
powerful instrumentation and analysis programming language for PCs
running Microsoft Windows, Sun SPARCstations, Apple Macintosh
computers, HP-UX workstations, and concurrent PowerMax. LabVIEW
features a graphical programming environment and all the tools needed for
data acquisition, analysis, and presentation. With the graphical
programming language, called “G,” you can program in a block diagram
notation, the natural design notation of scientists and engineers. After you
create a block diagram program, LabVIEW compiles it into machine code.

LabVIEW integrates data acquisition, analysis, and presentation in one
system. For acquiring data and controlling instruments, LabVIEW supports
RS-232/422, IEEE 488 (GPIB), and VXI, including Virtual Instrument
Software Architecture (VISA) functions, as well as plug-in data acquisition
(DAQ) boards. An instrument library with drivers for hundreds of popular
instruments simplifies instrument control applications. For analyzing data,
the extensive Analysis library contains functions for signal generation,
signal processing, filters, windows, statistics, regression, linear algebra, and
array arithmetic. Because LabVIEW is graphical in nature, it is inherently a
data presentation package. LabVIEW can generate charts, graphs, and
custom graphics.

This guide describes the course contents and suggests ways to most
effectively use the course materials. It discusses the following topics:

Self-Paced Use

Course Description
Prerequisites

Course Goals and Non-Goals
Course Map

mmo oW}

Course Conventions
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A. Self-Paced Use

Thank you for purchasing the LabVIEW Basics Il course kit. You should be
able to begin developing your application soon after you have worked
through this manual. This course manual and accompanying software is
used in the two-day, hands-on LabVIEW Basics Il course.

To get started, read the information on the next page regarding the
accompanying disks and then follow the instructions on the subsequent
pages for the computer platform you are using. If you have comments,
suggestions for improving this course, or are not satisfied with the material,
please contact:

LabVIEW Technical Support
11500 N. MoPac Expressway
Austin, TX 78759-3504

(512) 795-8248

support@natinst.com

Attending the 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.
To register for a course, or for course information, please contact National
Instruments.

North America

Telephone: (512) 683-0100
E-mail: custedu.info@natinst.com
(requests for information only)

24-hour automated retrieval of course outlines and course schedules
Fax on Demand: (512) 418-1111
World Wide Webhttp://www.natinst.com

Other Countries

Please contact your local National Instruments branch office (the phone
numbers are on the second page of this manual).

LabVIEW Basics Il Course Manual SG-2 © National Instruments Corporation
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The table below lists the contents of the LabVIEW Basics Il course disk.

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

This course disk is for the Windows platform. If you do not have access to
a Windows machine, contact National Instruments using the information on
the previous page to get the course software for your platform.

If You Are Using LabVIEW for Windows:

Items You Need
 |IBM PC AT or compatible

* LabVIEW for Windows Professional Development System, ver. 5.1
or later

» Optional—A word processing application such as NotePad or
Wordpad

* HiQ version 4.0 or later

Installing the Course Software

1. Run the program calldd/B2SW.exe. The following files will be
extracted to th€:\Exercises\LV_Bas2 directory:
Basics2.llb
LV-HiQ.hiq
Panel.bmp
Scope.dll
Scope.fp

LVBas2.llb  will be installed in th&abVIEW\user.lib directory. When
you launch LabVIEW, a palette callBasics-11 Coursewill be in theUser
Libraries palette of thé-unctions palette.

2. (Optional) To install the course solutions, uB2Sol.exe from
the floppy disk. The fileBas2Soln.llb , Menu.rtm , and
Scope.llb  will be installed to theC:\Solutions\LV_Bas?2
directory.

© National Instruments Corporation S5G-3 LabVIEW Basics Il Course Manual
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The course assumes the following directory structure:

’7 Root Directory |
|
|

|
Exercises LabVIEW

LV_Bas2 user.lib
Basics2.1lb LVBas2.llb
LV-HiQ.hig
Panel.bmp
Scope.dll
Scope.fp

If You Are Using LabVIEW for Sun:

Items You Need

Sun SPARCstation computer or compatible running XWindows
LabVIEW for Sun Professional Development System, ver. 5.1 or later
Optional—A word processing application such as Text Editor

Installing the Course Software
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.

Mount the PC disk you are using to transfer the files. The course
assumes the directory structure shown above. Copy all files to the
appropriate location.

If You Are Using LabVIEW for HP-UX:

LabVIEW Basics Il Course Manual

Items You Need

Hewlett-Packard Model 9000 Series 700 workstation running
HP-UX 9.0.3 or later with an X Window System Server

LabVIEW for HP-UX Professional Development System, ver. 5.1 or
later

Optional—A word processing application suchvaor vuepad

SG-4 © National Instruments Corporation
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Installing the Course Software

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.

Log in to your workstation as a superuser and copy the files to your hard
disk using the directory structure shown on the previous page.

If You Are Using LabVIEW for Macintosh:

Items You Need

Macintosh or Power Macintosh computer

LabVIEW for Macintosh Professional Development System, ver. 5.1
or later

Optional—A word processing application such as TeachText

Installing the Course Software

1.

© National Instruments Corporation

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.

Copy the files to your hard disk using the directory structure shown on
the previous page.
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B. Course Description

The LabVIEW Basics Il course teaches you to make optimum use of
LabVIEW for developing your applications. The course is divided into
lessons, each covering a topic or a set of topics. Each lesson consists of:

C. Prerequisites

An introduction that describes the lesson’s purpose and what you will
learn.

A discussion of the topics.
A set of exercises to reinforce the topics presented in the discussion.
A set of additional exercises to be done if time permits.

A summary that outlines important concepts and skills taught in the
lesson.

Familiarity with the Macintosh, Windows, Sun, or HP-UX operating
system.

Experience writing algorithms in the form of flowcharts or block
diagrams.

LabVIEW Basics | course or equivalent experience.

D. Course Goals and Non-Goals

This course prepares you to:

Take advantage of advanced data types.

Use local and global variables in your applications.
Programmatically customize user interfaces using attribute nodes.
Use advanced file 1/0 techniques.

Use LabVIEW to create your applications.

Improve memory usage and performance of your VIs.

You will apply these concepts in LessorD&veloping Larger Projects in
LabVIEW In Lesson 6, you will build a project that uses VIs you create in
Lessons 2, 3, 4, and 5. While these Vls individually illustrate specific
concepts and features in LabVIEW, they constitute part of a larger project
you will finish in Lesson 6.

The project you will build must meet the following criteria:

LabVIEW Basics Il Course Manual

Provides a menu-like user interface.
Requires the user to log in with a correct name and password.
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» If the user is not correctly logged in, other features are disabled.

» Provides user-configurable sample rate, number of samples, and alarm
limit.

» Acquires data with specified user configuration.

» Allows the user to analyze a subset of data and save the results to
a file.

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

Additional optional exercises challenge you to enhance the basic application
features. Specific details regarding the program capabilities are in the
relevant exercises.

The course map on the following page features notes about the parts of the
project you will develop in various sections of the course. Specific exercises
within the chapters also remind you when you are working on a VI used in
a later exercise.

It is not the purpose of the course to discuss any of the following:

* LabVIEW programming methods covered in the LabVIEW Basics |
course.

* Programming theory.
» Every built-in LabVIEW object, function, or library VI.
» The development of a complete application for any student in the class.

© National Instruments Corporation SG-7 LabVIEW Basics Il Course Manual
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E. Course Map

LabVIEW Basics Il Course Manual

Plannin
ng Develop flowchart for
LabVIEW Application Exercise.vi
Applications bp '
Begin Login VI
Clusters Build User Interface Menu

v

Local and Global
Variables

v

Attribute Nodes

Continue Login VI

N

Finish Login VI
Build Acquire Data.vi
Start Data Analysis VI

=

I
v

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

Study View Analysis File VI

Advanced File I/O
Techniques

v

0
NN VA N N

v

Additional Topics

; Assemble pieces to build
Creatmg Larger Application Exercise.vi and
Projects finish project
Performance
Issues

=
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F. Course Conventions

The following conventions are used in this course manual.

Bold Words in bold refer to LabVIEW menus, menu
items, palettes, subpalettes, functions, and ViIs.
For exampleFile.

Italics Words in italics are for emphasis.

Courier Words in Courier indicate drive names, libraries,
directories, pathnames, flenames, and sections
of programming code. Courier also indicates
information you must type. For example, type
Digital Indicator inside the bordered box.

<shift> Angle brackets enclose names of keys. In some
places, keys for all four platforms are shown
using the following convention:
<ctrl |¢ | M | option>

Win SunH-P  Mac

As shown below, each exercise shows a picturdinfshedfront panel and
block diagram. The front panel picture shows the front paifted you run

the VI. After each block diagram picture is a description of each object in
the block diagram and where you can find the object.

Front Panel Block Diagram
EE Auto Match_vi = [_[o] =] iﬁ}] Auto Match.vi Diagram = [_[o] =]

File Edit DOperate Project Windows Help

File Edit Operate Project Windows Help E\
13pt Application Font :" I;D:l' ‘:El:j' IEE @ MEI lﬁpt Application Font =1 |=13 | |*ia vI I?)E ..1 i
B B

Murnber b b atchi Current Nurnber Frourd To Heass
SEm [ =
“digital contral* “digital indicator’ To0.00
Data Range precizion = 0 a ultip 7]
e
Mar = 100 [&>
Ihe=1 # of iterations
Ot qf_F!ange -» Suspend I—U
Firzeisrn =0 mn,x Murnber to b atch m
precision = 0 b
Increment =
| i starts at 0 5o
increment by 1%
Al | Ld 4l | Ld

l/

*Comments* Name of object Location of object
(Do not enter these) | I

ﬁ‘s!ﬂ Random Number (0-1) function Arithmetic menu).
"I This function returns a random number between 0 and 1.

Description of object

© National Instruments Corporation S5G-9 LabVIEW Basics Il Course Manual
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Introduction

This lesson discusses 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.

You Will Learn:

A. Planning and design tips for developing a LabVIEW application.
B. How to convert your design outline into actual LabVIEW subViIs.

© 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 subVls
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.

Process
Define Project Customer Te_s L & Release
Final Product
Feedback
Design Integrate SubVls
Flowchart into Project
Implement
Nodes as Vis Test SubVls
Top-Down 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 dataflow programming language and its 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:
* Accurately define the system requirements.
» Clearly determine the end-user’s expectations.

» Document what the application must accomplish.
» Plan for future modifications and additions.

LabVIEW Basics Il Course Manual 1-2 © National Instruments Corporation



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 diagram without subVIs, you may 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, as well as keep abreast of the
project’s status. Another advantage of using subViIs is that future
modifications and improvements to the application will be much easier to
implement.

After you build and test the necessary subVIs, 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

Exercise 1-1

Objective: To develop a flowchart describing a generic data acquisition application.

In the following lessons, you will develop a generic data acquisition
application that meets the following criteria:

Part A—Detailing the

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.

Allows the user to configure the acquisition settings, including sample
rate, number of samples, and alarm limit.

Acquires data with the specified user configuration.

As soon as the data has been acquired, and any time the user chooses
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 press of a Quit button.

Application

While you have a general overview of the application’s features, there are
many details that remain unclear. In the space below, write down some
guestions that you need to ask to better define the criteria of this application:

1.

2.

10.

LabVIEW Basics Il Course Manual
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Lesson 1 Planning LabVIEW Applications

Part B—Developing the Application Flowchart

Using the picture below, complete a flowchart describing the application
based on the above criteria. The program flow should begin in the
rectangular box in the top-left corner of this illustration:

START

Login huffon

i 7
e o Safacfion Made’ sefaciad?

Logped in?

Mo

Chatf bugfon
prassad?

Yes

STOP

-

Frocess
Selection

|
T~

Each rectangular box should incorporate some feature of the overall
application. In lessons 2, 3, 4, and 5, you will develop subViIs that
correspond to the functions in the rectangular boxes of the flowchart. In
Lesson 6, you will integrate those subVIs into an overall application
following the above flow diagram.

When developing larger applications, it may prove useful to break each node
of your flowchart into its own flow diagram, organizing each subVI of the
application into a series of logical steps and subVls. The flowcharting
process is an iterative one and can be used at lower and lower levels until
numerous small subVIs have been created.

End of Exercise 1-1

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



Lesson 1 Planning LabVIEW Applications

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

1-6 © MNational Instruments Corporation
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Introduction

When implementing tasks such as handling menu selections and verifying
access information, you often encounter collections of data. For example, to
verify access information, you would need to work with a collection of data

that could consist of a name, password, and ID number. Collections of data
that have an implicit association among their elements lend themselves well
to data structures such as structs in C or records in Pascal. In LabVIEW, you

can store such data as clusters and subject it to powerful manipulation using
cluster functions.

You Will Learn:

What clusters are.
Some cluster functions.
How to use error clusters.

How to convert clusters to one-dimensional (1D) arrays and vice-versa.
How to use polymorphism with clusters.

Application SubVIs You Will Build:

moowp»

A. Verify Information VI
B. Check EmployeeVI
C. Menu VI

© National Instruments Corporation 2-1 LabVIEW Basics Il Course Manual



Lesson 2 Clusters

A. Clusters

A cluster is a data structure that combines one or more data components into
a new data type. The components that form a cluster may have different data
types such as Boolean, string, and integer data types. A cluster is analogous
to arecordin Pascal or atructin C.

On the block diagram, a wire that carries the data stored in a cluster may be
thought of as a bundle of smaller wires, much like a telephone cable. Each
wire in the cable represents a different component of the cluster. Because a
cluster constitutes only one “wire” in the block diagram, clusters reduce
wire clutter and the number of connector terminals that subVIs need.

You “unbundle” the cluster in the diagram to access its components. You
may think of unbundling a cluster as unwrapping a telephone cable and
accessing the individual wires within the cable.

Creating Cluster Controls and Indicators On the Front Panel
You create cluster controls and indicators on a VI's front panel by placing a
cluster shelin the Panel window. To place an empty cluster shell on the
panel, choosérray & Cluster»Cluster from theControls palette. Then,
click in the Panel window to place the cluster. You can adjust the size of the
cluster shell by holding down the mouse button and dragging the cursor
when placing the cluster shell on the panel.

-—HIControls
Armray & Cluster
H M@ _» 3
=i
LIz 2 P"ﬁl P|
i [ —1UAmay & Cluster

ERY(EERY  Cluster

= o
[}
o .
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Lesson 2 Clusters

You can place any objects inside the cluster that you normally place in the
Panel window. You can deposit objects directly inside the cluster by
dragging an object into a clust@bjects inside a cluster must be all

controls or all indicatorsYou cannot combine both controls and indicators
inside the same cluster. For example, if you drop an indicator into a cluster
containing controls, the indicator changes to a control. The cluster assumes
the data direction (control or indicator) of the first object you place inside
the cluster. A cluster with four controls is shown below.

cluzter contral

digital contral
0o

tch button
OFF l

ztring contral

11 L=
=

=

Creating Cluster Constants on the Block Diagram

To create a cluster constant on the block diagram, you can use the same
technique as you used on the front panel. From the Diagram window, choose
Cluster»Cluster Constantfrom theFunctions palette to create the cluster
shell. Then, place other constants of the appropriate data type within the
cluster shell.

E‘.l—uil Cluster

E' Cluster Constant
-
— [FEem] [em] |

B
i

moon| (111
i3

ElElElE

— =

If you have a cluster control or indicator on the front panel, and would like
to create a cluster constant containing the same components in the diagram,
you can pop up on its terminal and seletate Constantfrom the pop-up

© National Instruments Corporation 2-3 LabVIEW Basics Il Course Manual



Lesson 2 Clusters

Cluster Order

menu. This technique is a great time-saver. If you use this method on a
cluster indicator, the constant is wired to the indicator automatically.

clLizher
=

Change to Control

Hide Indicatar

Find Indicator

Shiow 3

Data Operations b cluster
Create 3 e
Cluzter Tools 3

Create Constant

Create Control k

Create Indicator

When LabVIEW manipulates clusters of data, not only are the data types of
the individual components within the cluster important, but also the order of
the components in the cluster. Cluster components have a logical order
unrelated to their position within the shell. The first object placed in the
cluster shell is component 0, the second is component 1, and so on. If you
delete a component, the order adjusts automatically.

You can change the order of the objects within the cluster by popping up on
the clusteborderand choosin€luster Order... from the pop-up menu. A

new set of buttons replaces the toolbar, and the cluster appearance changes
as shown below. The white box on each component shows its current place
in the cluster order. The black box shows a component’s new place in the
order.

Cluster Order Mode clugter contral

m Click to zet to

Revert to Original
Keep Changes

digital control

E | .00 Eoy —
zwitch
ER

string cortral

Cluster Order
Current Order
New Order

21|
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Revert to
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To set a cluster component to a particular index in the cluster order, first type
the desired order number into the “Click to set to” field. Then click on the
desired component. You will notice that the component’s cluster order index
changes. You will also notice that the cluster order indices of the other
components adjust automatically. To save your changes, click on the OK
button in the palette. To revert to the original settings, click on the Revert to
Original button. You use this technique to set the cluster order for constants
on both the front panel and the block diagram.

The example shown below illustrates the importance of cluster order. The
front panel contains two simple clusters. In the first cluster, component O is
a numeric control, and component 1 is a string control. In the second cluster,
component O is a numeric indicator, and component 1 is a string indicator.
The cluster control wires to the cluster indicator on the block diagram.

Front Fanel
cluster contral cluster indicataor
numeric| numetic|
S| o oo
zhring shriry
| H |

Block Diagram

cluster contral cluster indicatar
Fan Fan

However, if you change the cluster order of the indicator so the string
indicator is component 0 and the numeric is component 1, the wire
connecting the control to the indicator is broken. If you try to run the VI, you
get an error message stating that there is a type conflict because the data
types do not match.

cluzter contral

LIS
(0,00

ztring

1 1]

cluster control] cluster indicator]

--------

4>
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Using Clusters to Pass Data to and from SubVls

LabVIEW Basics Il Course Manual

As shown in the figure below, the connector pane of a VI can have a
maximum of 28 terminals. When you use a connector pane that has a large
number of terminals, the terminals are very small. With such small
terminals, wiring errors are more likely.

[ 1]
H H[1]]

OH A A

|
FOHHAH

By bundling a number of controls into a cluster, and passing the cluster to
the subVI, you can overcome the 28-terminal limit of the connector pane.
One cluster control uses one terminal on the connector pane, but that cluster
can contain several controls. Similarly, one terminal assigned to a cluster
indicator can pass several outputs from the subVI. Because your subVI uses
clusters containing several items each, you can use fewer, and therefore
larger, terminals on the connector pane. This will make for cleaner wiring
on the diagram.

output clugter

diéital indicataor

[DBL];

ital contral 2 :
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B. Cluster Functions

LabVIEW uses several functions to manipulate clusters. We will study the
Bundle andBundle by Namefunctions, which assemble and modify
clusters, and thelnbundle andUnbundle by Namefunctions, which
disassemble clusters.

Assembling Clusters

4]

Positioning
tool

TheBundle function Cluster palette) assembles individual components
into a single cluster or replaces components within an existing cluster. The
topmost component wired to tBeindle function is component 0 in the
cluster; the component beneath it is component 1; and so on. You can
increase the number of inputs by resizing the function with the Positioning
tool or by popping up on the icon and selectagl Input from the pop-up
menu. If thecluster of n componentderminal is wired, the number of input
terminals to th&undle function must match the number of items in the
input cluster.

cluster of
n components
comnponent 0 — |
component 1 —..... 'J*m cluster of
:t-:-n*.pi:-r:-:‘-nt n—1:: """" £| n components
Bundle

When you use theluster of n componentderminal, you do not need to

wire data to every input terminal of the function. Instead, you can wire data
only to the items you want to change. For example, consider the cluster
shown below, which contains three controls—a string labeled “Command,”
a numeric labeled “Function,” and a Boolean labeled “Trigger.”

input cluster output cluster
Command Command
WOLTS AC OHRS
Function Function
= 2
Trigger Trigger

I ew Command
OHMS
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You can use thBundle function to change the string value by wiring the
components as shown below. You must know the cluster order to do this

correctly.
[F=c]
':""""'"a’"'j _ oUtpLt cluster
i
Bundie]

TheBundle by Namefunction replaces components in an existing cluster.
Bundle by Nameworks similarly to thdBundle function, but instead of
referencing cluster components by their cluster order, it references them by
their owned labels. You cannot access components in the input cluster
(connected to theluster of N named componentsput terminal) that do

not have owned labels.

cluster of N narned
cornponents g

walue 0 — narme O '+P

cluster of M named
cormponents

wala r—i e name m- i _|I

Bundle by Name

You select a component by clicking on an input terminal using the Operating
tool and selecting a name from the list of components in the cluster. Also,
you can pop up on the input terminal and select the component from the

Select ltemmenu. Note that yoonustwire an input cluster to thauster of
Operating N named componentsnput of this function, and at least one item in the
tool input cluster must have a name. The number of terminals @utidie by
Nameicon does not need to match the number of components in the input
cluster.

For example, consider again the cluster control containing the “Command,”
“Function,” and “Trigger” controls. You can use tBendle by Name

function to change the string value by wiring the components as shown in
the next figure. To select the name “Command,” you click on the left
terminal of theBundle by Namefunction using the Operating tool, and
select “Command” from the list of names.
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Fan
Bundle By
Mew Command| M ame output clugter
| Command
W Command
Function
Trigger

If you need to modify both “Command” and “Function,” you can resize the
Bundle by Namefunction as shown below.

nput cluster

I Hﬂ
Bundle By
Mew Lommand| W ame output cluster|
Command F
Mew Function] _Function

TheBundle by Namefunction is useful when working with data structures
that may change during the development process. If you add a new
component to the cluster or modify its order, you do not need to rewire the
Bundle by Namefunction on the diagram because the names are still valid.

Disassembling Clusters

TheUnbundle function Cluster palette) splits a cluster into each of its
individual components. The components are arranged from top to bottom
according to the cluster order of the input cluster. You can increase the

number of outputs by resizing the function with the Positioning tool or by
Positioning using the pop-up menu. The number of output terminals for this function
tool must match the number of components in the input cluster.
cluster of . | Egmg_gﬂgﬂ?
ncomponents - { - [ :t-:-mp::-r:-s-nt ri-1
Unbundle

TheUnbundle by Namefunction Cluster palette) returns the cluster

T components that you reference by name. You select a component by clicking
on the output terminal using the Operating tool and selecting a name from
Operatl'”g the list of components in the cluster. Also, you can pop up on an output

too

terminal and select the component from$e¢ect temmenu. Because the
cluster components are referenced by name, you can access only the cluster
components that have owned labels. The number of output terminals of the
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Unbundle by Namefunction does not depend on how many components
are in the input cluster.

cluster of N named
cormnponents

oz | arpe 0 —  walue O

napng m—‘iJ walide rn-i

Unbundle by Name

For example, if you used thénbundle function with the cluster shown

below, it would have four output terminals. These four terminals correspond
to the four controls inside the cluster. Notice that you need to know the
cluster order so that you can associate the correct Boolean (TF) terminal of
the unbundled cluster with the corresponding switch inside the cluster. In
this example, the components are ordered from top to bottom starting with
component 0. Notice that when you useltiundle by Namefunction,

you can have an arbitrary number of terminals and access specific
components by name in any order.

M Llnl:uunu:lle|

—1— digital contral
digital contral B i avitch 1
|— TF switch 2
ﬁu 22 glring control
awitch 1) switch 2| Unbundle By Hame]

digital control | -
g g = | string control =
awitch 2 F -
string n:u:nntrn:n|

| | Unbundled cluster on the diagram
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As shown below, you can also create Bumdle, Bundle by Name

Unbundle, andUnbundle by Namefunctions by popping up on a cluster

terminal in the block diagram and choos@igster Toolsfrom the pop-up
menu. TheBundle andUnbundle functions will automatically contain the
correct number of terminals. TiBaindle by NameandUnbundle by
Namefunctions will appear with the first component in the cluster.

Popuponthe ——p» |[ET]
cluster terminal for

the Cluster Tools

menu.

Change to Indicator

Hide Control
Find Control
Show
D ata Operationz  k
Create

Cluzter Tools

Create Conztant
Create Control
Create Indicatar

Comp [HCamp

Rt ] [famnep
[Femm ] [em] |
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Exercise 2-1 Verify Information.vi
Objective: To use clusters and cluster functions.

This VI verifies that an input name and password matches one of the records
stored in an array of employee records. You will use this VI as a subVI in
subsequent exercises to verify more information.

Note You will use this VI in the project in Lesson 6.
Front Panel
Emplaves Infarmationl  Employes Record|
Marne| Marme
| ] |
Pazeword Password
| |
Employes Mo.
o
Werified

1. Open thé/erify Information VI in C:\Exercises\LV_Bas2\
Basics2.llb . The block diagram of this VI is partially built. You will
build the front panel and finish the rest of the diagram.

2. Create the Employee Information cluster control. This cluster contains
a name and password that will be tested for a match in the Employee
Records.

a. Place a cluster shell in the panel by chooSihggter from the
Array & Cluster palette. Label iEmployee Informatian

b. Place two string controls inside the cluster, labeling the first one
Nameand the secondasswordPop up on each string control and
select theLimit to Single Line option. If you need to enlarge the
shell, drag one of the corners with the Positioning tool.

3. Create the Employee Record cluster indicator. This cluster contains the
login name, password, and employee number when a match is found for
the Employee Information cluster.

a. Place another cluster shell in the panel and lalighployee
Record.

b. Place two string indicators inside the cluster shell, labeling the
first oneNameand the seconBassword Then place a digital
indicator inside the cluster and labeEinployee NoTo change
the representation of the digital indicatotdog (132), pop up on
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the indicator and sele&epresentationfrom the pop-up menu.
Recall that the cluster becomes an indicator if the first item you

place inside of it is an indicator.
Verify the cluster order of the components in the Employee Information
and Employee Record clusters. Pop up on the boundary of each cluster
and choos€luster Order from the pop-up menu. Make sure the cluster
order matches the ones shown below.

Employee Record

Employee Information|
I ame
E—
Pazzword
Employes Ma.
0 g

Create a round LED indicatd8q¢oleanpalette) and label Werified

Show the VI's connector pane by selectigpw Connector Create the
connector pane as shown below.

. Employee Record
Emplavee |nfarmation -
Py I"Jenfled

2-13 LabVIEW Basics Il Course Manual



Lesson 2 Clusters

Block Diagram

E mployes [nformation

: ' PName 3 Emploves Recard
| 2 5 &
T o =
Enable :
indexing e N

Pazzword ‘ erified

True case of the

Case structure

MHame

Fazzward

bz
=14
I3

E

LabVIEW Basics Il Course Manual

Finish building the block diagram shown above. Unéundle by

Name functions compare the contents of the Employee Information
cluster and the Name and Password components of an employee record.
TheBundle function creates a default value for the Employee Record
output cluster if a match cannot be found.

Unbundle by Namefunction. Pop up on the Employee Information
terminal and choosEluster Tools»Unbundle by Name&rom the

pop-up menu. Increase the number of outputs to two. Ensure that the
correct outputs are selected by clicking with the Operating tool on the
top right terminal, and selectimgame to unbundle the Name control.
Repeat this process on the lower right terminal, chod3asgwordto
unbundle the Password control. Copy this icon for later use and place it
inside the While Loop.

Bundle function. Pop up on the Employee Record terminal and choose
Cluster Tools»Bundlefrom the pop-up menu. Place the icon inside the
False case of the Case structure inside the While Loop.

Empty String constant$tring palette). Connect this constant to the top
two input terminals of thBundle function. Wire a numeric constant of
zero to the remaining input terminal.

2-14 © National Instruments Corporation
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2. Create the array constant containing employee records to compare with
information in the Employee Information cluster.

a. Create an empty array constant by selechmgy»Array
Constant from theFunctions palette.

b. Pop up on the Employee Record terminal and chGosate
Constantfrom the pop-up menu. Delete the wire that connects
the resulting constant to the indicator. (This wire will not appear
if you already wired an object to the Employee Record terminal
before selectingreate Constant)

c. Drag the cluster constant into the empty array constant. Enlarge
the array constant so that several of the elements are visible. By
typing information into the elements of the array constant, you
create the list of employee records to search.

Note To simplify moving and resizing elements in the cluster constant, pop up on
the cluster constant border and deselect Autosizing. To show the owned labels
of each object in the cluster constant, pop up on the object in the constant and
select Shows»Label.

d. Connect this constant to tAeray Size icon and also to the
Unbundle by Nameicon you placed inside the While Loop in
step 1.

Note If you get a broken wire when connecting the array constant to the Unbundle
by Name icon inside the While Loop, pop up on the tunnel on the While Loop
border and select Enable Indexing.

3. Return to the front panel and run the VI with various name and password
combinations in the Employee Information cluster. The While Loop will
stop as soon as it finds a match, or when it reaches the end of the array,
whichever happens first. Verify that the VI operates correctly.

4. Save and close the VI.

Note Save all your Vls in Basics2.llb.

End of Exercise 2-1
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Exercise 2-2 (Optional) Check Employee.vi

Objective: To use clusters to pass data into and out of a subVI.

You will complete a VI that allows you to enter an employee name and
password, and then searches for a match in an array of records using the
Verify Information VI from Exercise 2-1. If amatch is located, the Verified
LED is turned on and the employee number retrieved from the employee
record is displayed in a digital indicator. If the user does not type in a name
or password, a default name or password is sent ¥ehfy Information

subVI.

Front Panel

*zsimple zting contral®

Login Name i ! .
g | Limit ko Single Line

*simple zting control*
Pazzwiord Display
Limit to Single Line

Pazzword |

oK | Cancel | Employes Mumber
0

*dialog button®  “cancel button®
*numenc indicator®

Yerified
*round LED™
default name default pagzword
Fred pabbadabbado
*ztring control® *zhring contral®

Lirnit ko Single Line — Limit bo Single Line

1. Openth&€heck EmployeeVlin Basics2.lb . The front panel of this
VI has already been built. Descriptions of the controls and indicators are
in the online help. Selettelp»Show Helpto show the Help window
and read the descriptions of the controls and indicators.
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Block Diagram

E mployes
erify Information. vi Furnber
verhy = |Emplopes No. (52|
ALE erified
‘ TF

False cases of inner Case structures

1. Study the incomplete block diagram. The large False case inside the
While Loop has already been built. You will complete the rest of the
diagram.

2. Create 8undle function to bundle the Name and Password controls
together. Then, create tBeindle by Namefunctions to use in the two
Case structures. If the Login Name control is empty, replace the contents
of the cluster using thBundle by Namefunction. Then check to see if
the Password control is empty. If so, substitute the default password into

the cluster.
Note Recall that you cannot select the name of the input item in a Bundle by Name
function until you have connected a cluster to the center input terminal of
the icon.

© National Instruments Corporation 2-17 LabVIEW Basics Il Course Manual



Lesson 2 Clusters

3. Place th&erify Information VI, which you created in Exercise 2-1, in
the Case structure. After checking the contents of the cluster containing
Login Name and Password, the VI should send the cluster to the
Employee Information input of théerify Information subVI. Use
Unbundle by Nameto get Employee No.

Note If you did not complete Exercise 2-1, you can find the Verify Information VI

in Bas2Soln.lIb. The VI library containing exercise solutions is stored in a
folder called Solutions.

4. Save the VIRun it to test several alternatives. PressQKebutton
on the front panel to verify the name and password.

5. Close the VI when you are finished.

End of Exercise 2-2
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C. Error Clusters

When designing applications, you should try to anticipate any errors that
may occur. For example, if you acquire signals and save them to a file over
a long period of time, the operation might fail at some point due to a lack of
disk space. If your application requires reliable operation, you should check
for errors and decide what to do when an error occurs.

LabVIEW 1/O operations check for errors and return error codes. Because
error handling is different for every application, LabVIEW does not perform
automatic handling of all errors. For example, you may want to terminate an
application if an error occurs, or you may just want to notify the user so that
he or she can correct the problem.

Most I/O operations in LabVIEW incorporate an error cluster that makes
error handling easier. Under this scheme, I/O VIs have both an error input
and an error output. If the input contains an error, the 1/0 VI either does
nothing or shuts down the I/O operation it manages. One advantage of this
approach is that you can connect several I/O operations together so that, if
an error occurs, LabVIEW will not perform subsequent I/O operations.

The error cluster used by most of the I/O operations—including data
acquisition (DAQ), DDE, TCP, UDP, VISA, GPIB, and the File I/0
functions—contains a Boolean indicating whether an error has been
detected, a numeric error code, and a string used to identify the source of the
error.

ghatus code

Y —

20Urce

To make error handling easier for you, LabVIEW features several error
handling functions. Th8imple Error Handler VI takes care of the error
handling that most applications need. This handler contains error
information about all I/O operations in LabVIEW.
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The Simple Error Handler VI (Time & Dialog palette) determines
whether an error has occurred. If it finds an error, this VI creates a
description of the error. You can then set the VI to display the error
description in a dialog box.

ermar code (ho erord) F— shatuz out

error source [~ iy L code out
twpe of dialog _[EIK mzg:1) flw_)% zoUmce out
error in [no ernar] errar out

mezzage

r

Simple Error Handler

Consider the following example. It uses the error cluster scheme to pass
errors from one VI to the next. Thus, if an error occuGpen File.vi, the
error passes through and il#@®F.vi. TheEOF VI detects the error and, as
such, does not perform its normal operations. Instead, it passes the
unchanged error information outfRead File.vi Likewise, theRead File

VI will detect the error and pass the error information. The error cluster
finally reaches th&imple Error Handler VI, which displays a dialog box
with the error information.

—*read-only]  [estar]
[File Dialag| | [DpenFie] [EaF Fead File]: [Close Filg] [Simple Error Handler. v
_@ [oFER[] [FiLE [—{FILE [EF] CLOSE
| 'F'—l EOF = r
L

I** existing fiIEI T T I T

Error Cluster passed from VI to VI

The above example illustrates a typical usage oétha in/error out
approach. That is, the File I1/0O VIs use error clusters to pass information
from one operation to the next.

To incorporate error handling in your own VIs (which we recommend), you
can use the front panel error cluster€ontrols»Array & Cluster.. From

this palette, you can easily plaeeor in anderror out clusters on your

front panel.
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D. Cluster Conversion

You can convert a cluster to an arragllfcluster components have theeme

data type (for example, all are Boolean or all are numeric). With this
conversion, you can use array functions to process components within the
cluster.

TheCluster to Array function Cluster andArray palettes) converts a
cluster of identically typed components to a 1D array of the same data type.

cluster array

Cluster to Array

The example below 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.

Front Panel Cluster Order

boolean cluster boolean array! boolean cluster

o) |2 |@ [
button EI “=j outtorf] 1
button 3 l 'Ej

Gr) 2 o

Block Diagram

boolean cluster]  [Cluster Ta Array|  [Poolean array
=14 [TF]
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TheArray to Cluster function Cluster andArray palettes) converts a 1D

array to a cluster in which each component in the cluster is the same type as
the array element.

array cluzter

Array to Cluster

Note You must pop up on the function icon to set the number of components in the
cluster. The default number of components in the output cluster is nine.

Using Boolean Clusters as Menus

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 shown below.

boolean cluster|

H Configure Test 1 Test 2 Quit

Cluster of labeled buttons (mechanical action -> latch when pressed)
Cluster Order:

(0) Configure button
(1) Test 1 button
(2) Test 2 button
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The VI block diagram is shown below. T@&uster to Array function

converts the Boolean cluster to a Boolean array with three elements. That s,
each button in the cluster represents an element in the arréyedteh 1D
Array function Array palette) searches the 1D array of Boolean values
created by th€luster 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. Th&earch 1D Array function returns the index of the first
TRUE value it finds in the array. If you did not click on a but@®earch 1D
Array returns an index value of -1. If no buttons are pressed, Case 1 is
executed, which does nothing. Clicking on the Configure button executes
Case 0, which could, for example, call the “Configure” subVI. Clicking on
the Test 1 button executes Case 1, which could call the “Test 1" subVI, and
clicking on the Test 2 button executes Case 2. The While Loop repeatedly
checks the state of the Boolean cluster control until you click on the Quit
button.

B oolean
cluster

Clhazter
Todmay

Search
10 Array

1. Default b2

[ooza]

Empty
Search 10

#
i fy=n

5 Aray retums -1
% if no buttan
is prezsed

 Call Test 11,

7 Call Configure W

Search 10 Array
= returng 0 f

5 Search 10 Aray
% returns 2 1f Test
button iz
reszed

E Search 10 Amray
% returns 11f Test 1
button is pressed

State Machine Programming

A state machine in LabVIEW 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 can 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 the VIs and other code that the state should
execute within the appropriate case. A shift register stores the state to be
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executed upon the next iteration of the loop. The diagram of a simple state
machine appears below.

“a 0, Default B

You can combine the concept of a state machine with a Boolean menu
cluster to provide a powerful menuing system. 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 meny Depends on the Boolean
to determine the next | button pressed. If no
state button is pressed, next

state is No Event.

0 Login Log in user No Event (0)

1 Configure Configure acquisition | Acquire (2)

2 Acquire Acquire data No Event (0)
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An example state machine for this application is shown below:

Initial State| |-

menu cluster

Login

Confiqure D ata Acouizition

Acquire Data

Cluit I

-1, Default t[

el cluster

[ooza]
# ]
1. .1i: A;=x

State M achine: Check to zee if a buttan in the
Chate Action cluzter iz prezsed, to determine
-1 Mo Event the next state to execute.
1 Configure
2 Aouire

ILDgin Statel-‘"

IEanigure Statel-‘" Ecguire State[“‘

© National Instruments Corporation

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 exists 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. However, whenever the “Acquire” state is executed, the
“Analyze” state should immediately follow. This is based on the flowchart

developed for the application in Lesson 1.

The dependencies of the application can be described as a simple state
machine, where each numeric state leads to another subsequent state. This

series of dependencies can be summarized in the table below:

State Value

State Name

Description

Next State

-1, Default

No Event

Monitor Boolean mend
to determine the next
state

Depends on the Boolean
button pressed. If no
button is pressed, nex
state is No Event.

Login

Log in user

No Event

Configure

Configure acquisition

No Event

Acquire

Acquire data

Analyze (3)

Analyze

Analyze data, possibly
save to file

No Event

View

View saved data files

No Event

In this exercise, you will finish building the state machine to be used in this

application and observe its operation.

Note

LabVIEW Basics Il Course Manual
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You will use this VI in the project in Lesson 6.
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Front Panel
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menu cluster

Login

Configure Data Acquisition

Acquire Data

Analyze & Present Data

Yiewy Analysiz File

*cluster*

Autozizing selected

*Labelled Sguare Buttons*

Mechanical Action: Latch When Released

*Rectangular Stop Button®

1. OpenthéMenu Vllocated inBasics2.lb . The front panel and block
diagram are partially complete.

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

Hints:

© National Instruments Corporation

Create the button with the largest label first.

Set the mechanical actionltatch When Released
UseCopy andPasteto create the other buttons.
UseAlign andDistribute to arrange the buttons.
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Block Diagram

State machine:
State  Action
-1 MoEwent
1] Login 1. Default pf
1 Configure
2 Acquire
3 Anfalyze
L View
livitial State: 1 (Mo Event] : fii’nih 10 Anay
w L
1 TR
Check to zee if a button in the cluster
iz preszed, to determing the next
ztate o execute.
ait [mz]]
& Wo  Bf

[zquire State|-{[ 1= [tnalyze Statel-[ L= [view Statef~[ L=

1. Complete the block diagram as shown above.

Cluster To Array function Cluster or Array palette). In this exercise,
this function converts the cluster of Boolean buttons into an array of
Booleans. The Boolean at cluster order 0 becomes the Boolean element
at array index O, cluster order 1 becomes array index 1, and so on.
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Search 1D Array function @Array palette). In this exercise, this

function searches the Boolean array laister 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 on a button.

One Button Dialogfunction (Time & Dialog palette). These functions
are used to indicate which state has been selected and loaded into the
shift register.

Save the VI.
Run the VI. Whenever you press the Login, Configure, Analyze, or

View buttons, a dialog box should pop up to indicate that you are in the

associated state. Whenever you press the Acquire button, however, two
dialog boxes should pop-up: the first dialog box should indicate that you
are in the Acquire state, and the second dialog should indicate that you
are in the Analyze state.

Using the Single-Step and Execution Highlighting features, observe
how the VI executes. Notice that until you press a buttorgehech 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 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, as well as with the flowchart designed in Lesson 1.

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

Presuit on the VI's front panel to halt execution.

End of Exercise 2-3

© National Instruments Corporation
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Exercise 2-4 (Optional) Cluster Conversion Example.vi
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 on each button.

Front Panel

2,

CL

d1 Dizpla

=

Buttan 1

Button 2

AN

Buttan 4

*digital indicatar cluster®

“labeled button cluster Representation - 132

Mech Action -» Latch when preszed

auIT

*labeled button®
tech Action -» Latch when prezsed

1. Open theCluster Conversion ExampleVI in Basics2.llb
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Lesson 2 Clusters

Clhizter
conztank

™ True t
[ndex .ﬁ.rrag

=181 -‘D

Disﬁlaé

&rray to
Cluster

w1

Cluzter
{ ko Arra

Replace Amay
Elernent

[oozo]
........ % -
n .ri:FIi=I

= Use the index of the button to extract
% the conezponding element fram the

2 numnenc cluster, add 1, and replace
% the el i1 th

Search
10 Array

Check if uger clicks on a button.

[

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

1.

[oozo]

.:ri: FIi::l:

v

I

[]
i

"ol i;?
i
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Open and examine the block diagram.

Cluster to Array function Cluster or Array palette). In this exercise,

this function converts the Add 1 cluster containing four Booleans to a
Boolean array with four elements. That is, each cluster button represents
one element in the array.

Search 1D Arrayfunction Array palette). In this exercise, this

function searches the Boolean array tlaitster 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 on a button.

Greater or Equal to 0?function Comparison palette). In this

exercise, this function compares the index returné&eiaych 1D Array

to 0. If the index is less than 0, no button in the Add 1 cluster was
pressed. An index of O or greater indicates which button you pressed.

Index Array function (Array palette). In this exercise, this function
indexes the element corresponding to the button that you clicked.

Increment function (Numeric palette). In this exercise, this function
increments the number tihedex Array function returns by one.

Replace Array Elementfunction @Array palette). In this exercise, this
function replaces the incremented number in the numeric array.
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Array to Cluster function Cluster or Array palette). In this exercise,
this function converts the array to a cluster so that you can display it.

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

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

End of Exercise 2-4
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Lesson 2 Clusters
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Most LabVIEW functions are polymorphic. As discussed in the LabVIEW
Basics | course, polymorphic functions can have inputs of different types.
You can use th®nline Reference(Help menu) to search for a list of

polymorphic functions.

Because the arithmetic functions are polymorphic, you can use them to
perform computations on clusters of numerics. The string-to-number
functions are also polymorphic. As shown in the following example, you use
the arithmetic functions with clusters in the same way you use them with
arrays of numerics. You can also use the string-to-number functions to
convert a cluster of numerics to a cluster of strings.

cluzter of numencs

scaled cluster of numerics|

zaled numbers
converted to strings

nurmeic 1
3250

NUMENS &
¥/4.00

FILIMNERS Array
s

12.00
-3.50

RN IEN

numeric 1
5.00

2

H

n.00
FILIMNERS Array

stiing 1]
T
shing 2|
o000 |
stiing anay|
40| fz0.0000

-35.00000

zcale factor
S0

cluster of numerics

:___p ______ 2

scaled cluster of numerics|

zcaled numbers

T converted bo stings

cluster arithmetic /

cluster number-to-string
canversion
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Exercise 2-5 (Optional) Cluster Scaling.vi
Objective: To build a VI that uses polymorphism with clusters.

This VI will scale values stored in a cluster, where each component in the
cluster has a different scale factor. In this exercise, assume that the voltages
were measured from transducers that measure the pressure, flow rate, and

temperature. The VI will then scale these values to get the “actual” values
present in the system.

Front Panel

scaled data
raw data
temperature [deg C)  flow rate (liters # zec)  pressure (M / m™2]
W [temperature) R0.0- 100.0-
(i _ _
40y e A0E+350E+3
Y [Flow rate) 300.0- BO.0-
= 200.0- 40.0-
Y [pressure] 100.0- 200~ 100E +3
B2 0.0-g 0.0-
B5.00 52,30 32.10E+3

1. Open theCluster ScalingVl in Basics2.llb . The front panel is

Block Diagram

[

2.

3.

already built for you. You will finish building the block diagram.

zcaled data

205 |

/ m’ 2]/ ol

Build the block diagram shown above. Make sure you apply the correct
scale factors to each component in the raw data cluster.

Multiply function (Numeric palette). In this exercise, this function
multiplies all the components in the cluster by different scale factors.

Save and run the VI. Test several alternatives to ensure that the VI works
properly.
Close the VI.

End of Exercise 2-5

LabVIEW Basics Il Course Manual
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Summary, Tips, and Tricks
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A cluster is a data structure that groups data, even data of different types.

If a VI has many front panel controls and indicators that you need to
associate with terminals, you may want to group them into one or more
clusters and use fewer terminals.

Objects inside a cluster must be all controls or all indicators.

Creating a cluster on the front panel or in the diagram is a two-step
process. First, createchuster shelland then place the components
inside the cluster shell.

When working with clusters, the order of the components is critical.
This is especially true if you have similar objects inside a cluster.

TheUnbundle function Cluster palette) splits a cluster into each of its
individual components.

TheBundle function Cluster palette) assembles individual
components into a single cluster.

TheUnbundle by Namefunction Cluster palette) extracts
components from a cluster by name.

TheBundle by Namefunction replaces components in a cluster by
name.

Error clusters are a powerful method of error handling used with nearly
all of the 1/0 Vls 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.

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. Th€luster to Array function Cluster or Array palette)
converts a cluster to a 1D array.

TheArray to Cluster function Cluster orArray palette) converts a 1D
array to a cluster. You must specify the number of components in the
output cluster.

State machine programming is very useful for user interface VIs and
generates clean, simple code.

You can use the polymorphic capabilities of LabVIEW functions with
clusters. Thé®nline Reference(Help menu) contains a list of all
polymorphic functions.

Try to place items in a cluster that logically or conceptually belong
together.

Avoid extremely complex clusters. Performance will suffer.
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F. Additional Exercise

2-6 Modify Exercise 2-4 by adding a cluster of four labeled buttons.
Each time you click on a button in the new cluster, decrement the
display by one. Use the front panel shown below to get started.
Save the VI a€luster Example 2.vi

Add 1| Sub 1/ izpla

‘

| Buttan 1 I | Button 1 I
| Buttan 2| | Buttan EI
| Button SI | Button 3|

|
B
B
—

| Buttan 4| | Button 4|

*digital indicator cluster*
R epresentation - |32

*labeled button cluster
tech Action -> Latch when
preszsed

QuIT

*|labeled button®
kech Action -» Latch when pressed
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Local and Global Variables o
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N

Introduction
In applications such as user interface development, you often must update
or read front panel controls or indicators from more than one location in the
program. For example, you may want to clealthgin: andPassword:
prompts every time a new user logs in. In this case, you are faced with the
task of reading from these prompts when a user logs in, and then writing
empty strings back to them after the user logs out. In LabVIEW, local
variables lend themselves well to accomplishing such a task.

You Will Learn:

A. How to use local variables.
B. How to use global variables.
C. Some tips about using local and global variables.

Application SubVIs You Will Build:

A. Login VI
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A. 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 may need to update or read a
front panel object from several locations on the 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

LabVIEW Basics Il Course Manual

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
popping up on the object or its terminal and selec@irgpte»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 diagram. When you pop up on a terminal to create
a local variable, the local variable refers to the object you popped up on to
create the icon.

] Change to Indicator
Hide Contral
Find Contral

Show 2
D ata Operations  k

Create Attribute Mode
Feprezentation P

Create Conztant
Create Contral
Create Indicatar

Another way to create a local variable is to sdledal Variable from the
Structures palette. A local variable node appears on the block diagram. The
node shown at left appears if none of the controls or indicators on the front
panel have an owned label. Otherwise, the local variable appears with the
name of the first front panel object you created. You can select the front
panel object you want to access by popping up on the variable node and
selecting an object from ti&elect temmenu. This menu lists the owned
labels for the front panel controls and indicatdisus, you should always
label your front panel controls and indicators with descriptive names, using
owned labels.
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i number ini:

Local variable
icon with
“number in”
selected

Lesson 3 Local and Global Variables

iE»! Structures

Local Yanable

(|,

For example, if the first object you create on the front panel is labeled
“number in,” the local variable icon appears as shown afi#ér you place

the local variable on the block diagram, you can select the appropriate front
panel object by either clicking on the variable using the Operating tool, or
popping up on it and choosing the front panel object frons#iect Iltem

menu.

Front Panel Block Diagram
[number in]
number in awitch number out 'r Gl LDC l.,-' her
agech em number In
g 0.00 g .00 Find 3 number out
- [ rlice H el zwitch
stiing in LED Description. ..
t} Show »
Replace (3

Create Constant
Create Contral
Create Indicator
Open Front Panel

awitch

rurmber out
LED
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Read Locals and Write Locals

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

By default, a local variable assumes that it veéitleivedata. Thus, this kind
of local variable acts like an indicator and isréte 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 aead local To do this, pop up on the variable and sel#Ginge

To Read Local On the diagram, @ead localicon behaves just like a

control. When this node executes on the diagram, your program reads the
data in the associated front panel control or indicator.

——

@ Change To Read Local
Select [tem 2
Firnd »
[ rline Help
D ezcription. ..
S how 2
Feplace 3

Create Constant
Create Control
Create Indicatar
Open Front Panel

To change aead localto awrite local, pop up on the variable and select
Change To Write Local The local variable will change its “data direction”
so that itreceivegdata instead of providing data.

On the 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 figure below, 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.

Front Panel
Laop Contral| loop 1 chart| loop 2 chart
ﬁ N 1.0- 1.0-
n5- n5-
n.o- n.o-
-0.5- -0.5-
-1.0- , -1.0- '
B4 264 a9 289

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 LabVIEWdataflowlanguage, and the
status of the Boolean control is a datautto 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.

|aop Contral

3 [loop 1 charl
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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 also
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
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.

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 Contral
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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?

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.

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

Front Panel Block Diagram
| .
Which Loop? Loop One Loop Twa
ﬁ 0N |Loop 2 hich Loop™?,
Ibﬂﬂl‘“ Loop 2 |'W'hiu:h Lu:u:up?l

[
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Exercise 3-1 Login.vi
Objective: To use local variables to initialize controls on the front panel.

Note You will use this VI in the project in Lesson 6.

Front Panel

Employes Record

ame

Login Hame | | azaward

Li;

FPazsword | |

Employees Mo,

(O
Access Granted

2

k. | Cancel |

1. Openthd.ogin VIin Basics2.llb . The front panel of the VI is
already created. You will finish building the block diagram.

Block Diagram

1000000 gcLn

Employes Record
-
Info

= o -1 access granted
Oooooogoo E LI

Bundle rify Infu:urmatiu:un.'-.fi|

Werify

Pazzward

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 updatbéforethe While Loop starts.

Login Name local variable set to write local. Used to reset the login
name to an empty string. Pop up on the Login Name terminal and choose
Create»Local Variable from the pop-up menu to create this local
variable.
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Passwordlocal variable set to write local. Used to reset the password
string to an empty string. Pop up on the Password terminal and choose
Create»Local Variable from the pop-up menu to create this local
variable.

El Empty String constant$tring palette). Used to pass string values to
the Login Name and Password local variables.

Faszward

Note If you have trouble wiring the string constant to a local variable, pop up on
the local and select Change to Write Local.

2. 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.

3. Save and close the VI.

End of Exercise 3-1
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Exercise 3-2 (Optional) Select and Plot Waveform.vi

Objective:

Front Panel

LabVIEW Basics Il Course Manual

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

M e W avetarm

Select \Wavefarm

| Stand By
*dialog ring®

Curmrent Achivity

[

-0.5-

-1.0-3

*ztring indicator®

*rectangular stop button®

Presvious 'wavefarm

0.5-
'1.D_|

1.0-
0.5-
0.0-

] 20
1.0-
0.5-
0.0-

20 40 B0 80 100

Open theselect and Plot WaveformVI in Basics2.llb

. The front

panel is already built. You will finish the block diagram.

Open and examine the block diagram.

3-10
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I3

S elect \Waveform

7 A

..... T T

-EIE|E|E|E|E|E|E||..‘|:||:|2 [OOooOooOoon

Current Actiity
Gbc]|

*string canstant®

N5 toring Previous "W aveform

*read local wanable®

ait [mz]

Oooooooo0ooooooooooonan

Frewvious Waveform|
(o8] |

/

Current Activity

2000

Select Waveform

= B [
-I:||:||:|I:|I:|I:|I:|I:||.||-|[|:|__2]h.|:||:|I:|I:|I:|I:|I:|I:|§ g|:||:||:||:||:||:||:||:|ll,'|2[|:|__2]h.I:||:||:|I:|I:|I:|I:|I:|
“shring constant® “wirite |ocal variable *string constant* “write local variable®
| {Generating New waveformf—| Curent Activiy] [Platting Hew ' avefarm [Curent Activit
Acquire Signal. vi ait [mz]
B
; ait (g E
S ) 3000 New Wavefor)
3000 TosL]
+* +
OOO000OO0000O0O000000000;! joo0ooo0 0000000 OO0 00

1.

ztring conztant
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Complete the portions of the block diagram shown in ellipses above.

String Constant (String palette). Used to send text values to the
Current Activity front panel indicator.

Numeric Constant (Numeric palette). Used to reset the Select
Waveform dialog ring to zero (Stand By) after the waveform has been
acquired.

New Waveformlocal variable set to read local. This local variable reads
the data in the New Waveform graph and passes that data to the Previous
Waveform graph. Pop up on the New Waveform terminal and choose
Create»Local Variable from the pop-up menu to create this local
variable. Then, pop up on the local variable and s€lkahge to Read

Local.
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Current Activity local variable set to write local. This local variable

places new text into the Current Activity indicator. There are several
instances of this local variable in the diagram, illustrating how you can
access a front panel object from several locations on the diagram. To
create the local variable, pop up on the Current Activity terminal and
chooseCreatex»Local Variablefrom the pop-up menu. Then, make two
more copies of this local variable.

Select Waveformlocal variable set to write local. This local variable
resets the Select Waveform control to Stand By mode. Pop up on the
Select Waveform terminal and choda®ate»Local Variablefrom the
pop-up menu to create this local variable.

= Note Make sure that each local variable is correctly set as a read local or a write
local. To change a write local to a read local, pop up on the icon and select
Change to Read Local from the pop-up menu. To change a read local to a
write local, pop up on the icon and select Change to Write Local.

Wait (ms) function (Time & Dialog palette). Generates a delay so you
. can observe the front panel activities.

Acg | Acquire Signal VI (User Libraries»Basics 2 Coursgoalette).
g‘}‘;ﬂ Generates the data for the waveform specified by the Select Waveform
control.

a[f.:;;, Not function Booleanpalette). Inverts the value of the STOP button.
Thus, the While Loop executes until you press the STOP button.

2. 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).

3. Save and close the VI.

End of Exercise 3-2
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B. Glohal Variables

Recall that you can use local variables to access front panel objects at
various locations in your 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 your 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 VIs.

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 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.

First VI Front Panel First VI Block Diagram
Sine Wave
1.0- Y N A
05— [ L)
0.0-
-0.5-
-1.0-, ,
250 350
Second VI Front Panel Second VI Block Diagram
Sawtooth 'Wave
15— 5 awtooth Wave
10-
5_
 j | | @ global boalean la[:.‘:;,
0-, I
155 299
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Creating Global Va

riables

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 VIs.

E»! Structures
Global ¥ariable
_ [ m m EI

ﬂm GLOE] ([CooAL

To create a global variable, sel&@lbbal Variable from theStructures
Global variable  palette. A global variable node appears on the diagram. The icon for a global
node variable on the diagram is similar to a local variable icon, except that a small
picture of a globe appears to the left of the global variable name.
You open the panel of a global variable by double-clicking on the global
variable node. You then place controls and indicators on the 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.

LabVIEW Basics Il Course Manual

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 Panel window.

! Global 1 M=l E3
File Edit Operate Project Windows Help @
| 15pt Application Font | |3 =] |"0 =] |
HM cluster
0.00 :
irin tem 1 item 2
Ll
B son | [THl
4] |
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After you finish placing objects on the global variable’s panel, save the
global variable and return to the block diagram of the original VI. You must
then select the specific object in the global variable VI that you want to
access. To select a specific object, pop up on the global variable node and
select the object from tHgelect temmenu. This menu lists the owned

labels for all the objects on the panel. Notice that you can also open the front
panel containing the objects in the global variable from this pop-up menu.

oo
IE‘ Change To Fead Global |

Select lkem NUMENc

ghring
Drescription...
S b 2
Replace 3

Open Front Panel
S hiow 1 Higrarchy

Alternately, using the Operating tool, you can simply click on the node and
choose the global variable you want to access.

[&1

NUMErc

clubager

After you select the specific global variable object that you want to access,

Global \(/jariable the node changes from the figure shown at left to display the object you have
noae

chosen, such as a numeric.

You may 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 usin§éhect

Global variable =5 \/) “option in theFunctions palette. Then, pop up on the node to select

node displaying

a numeric the specific object in the global variable you want to access, as described
above.
Note A global variable 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 you need to globally access.
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Read Globals and Write Globals

Like local variables, you can either read data from a global variable, or write
data into it. By default, a global variablensite globalwhen you create it.

You can write a new value into the global variable; hence 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 aead global To do this, pop up on the variable and select
Change To Read GlobalOn the diagram, @ead globalicon behaves like

a control. When this node executes on the diagram, your program reads the
data in the associated front panel object.

‘hange To Read Global

select [tem

Find 3
[iline Helm
Descriptior....

Show 3
Feplace 2

Create Constant
Create Contral
Create Indicatar
itk Tio Sk
Open Front Fanel
Show Y Higrarchy

To change &ad globalto awrite global pop up on the variable and select
Change To Write Global The global variable will change its “data
direction” so that iteceivesdata instead of providing data. When this node
executes on the diagram, your program will send new data into the global
variable.

On the 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 panel.

Read Global
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Exercise 3-3 Data to Global.vi

Objective: To build a VI that writes data into a global variable.
You will create a global variable in this VI and then use it to send data to the
VI in the next exercise.
1. Open theéData to Global VI in Basics2.llb

Because you will use this VI only to generate data, it has no front panel
objects. You will finish building the block diagram.

2. Open the block diagram.

Block Diagram

1Ooo0ooogooeC
......................
My Global.gbl = I = My Global, bl
“wite global”
wite goha ait Uniil Hewt
s m m m u_m N iz Multiple ky Global. gbl
L= s *read global®

1. Build the portions of the block diagram shown in ellipses above.

My Global.gbl global variables. In this exercise, these variables pass
values between two concurrently running VIs. The steps to create and

{®:ine wave datapoint; - configure the global variables are as follows:

a. In the diagram, sele@lobal Variable from theStructures
palette.

Ex
Gl . b. Double-click on the node to bring up the global variable’s panel.
obal variable . . . .
node Create the global variable panel as shown in the following figure.

You must label the controls with the owned labels shblwtice
that there is no block diagram associated with the global
variable’s front panel.

Global Variable Panel

Stop Button| sine wave data point|

4=
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C.

d.

Global variable €.
node f.

g.

0
B

Save and close the global variable. NanmyitGlobal.gbl.
Return to théata to Global diagram.
Pop up on the global variable node and s&8aoiv»Label

Using the Operating tool, click on the global variable node and
selectStop Button. Make the variable eead global variable by
popping up on it and selectiighange to Read Global

®7
ZINE Wave dgg poink ‘

Make two more copies of tiMy Global.gbl variable. Change
both globals tavrite globals.Click on one variable using the
Operating tool and selesine wave data point

Wait Until Next ms Multiple function (Time & Dialog palette). In
this exercise, this function ensures that data is written to the global
variable every 50 ms.

Not function Booleanpalette). In this exercise, this function inverts
the value of the Stop Button global variable so that the VI runs
continuously until the global variable is TRUE.

You 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 (that is, one that has an unknown value).

2. Save the VI. Keep it open, as you will run it in the next exercise.

End of Exercise 3-3

LabVIEW Basics Il Course Manual
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Exercise 3-4 Display Global Data.vi

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

You will finish building 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

Time Delay
MEEs

200-7
1580~
100-
a0~
D—’:‘ “waveforn chart®
x Legend shown

“vertical slide”

1. Openth®isplay Global DataVIin Basics2.llb . The front panel is
already built. You will finish building the block diagram.

2. Open the block diagram.

Block Diagram

Mé Glnbal.ébﬂ
ms Multiple

; N “write global®
:

1. Finish building the portions of the block diagram shown in ellipses
~ above.

. My Global.gbl global variables. In this exercise, these variables pass
values between two concurrently running VIs. These global variables
& Stop Button

ait Until Next
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Global variable
node

LabVIEW Basics Il Course Manual

were not created from a global variable node on this block diagram, so
the steps for creating and configuring them on this diagram are as
follows:

a. Choose th&elect a VI...option from the~unctions palette, and
selectMy Global.gbl from Basics2.llb  , in which you saved
the global variable you created in Exercise 3-3. The global
variable object displayed in the node will be either Stop Button
or sine wave data point, depending on the order in which they
were placed on the global variable’s panel.

b. Copy the global variable so that you have two instances—one
Stop Button global and one sine wave data point global. To
access a different global variable object, click on the node with
the Operating tool and choose the desired object.

c. Change the sine wave data point global teaa global by
popping up on the node and choos@igange to Read Global
from the pop-up menu.

Wait Until Next ms Multiple function (Time & Dialog palette).
In this exercise, this function dictates the loop rate (default is
20 iterations per second).

C.E;b Not function Booleanpalette). In this exercise, this function inverts

the value of the stop Boolean control; thus, the While Loop executes
repeatedly until it reads a TRUE.

The VI reads a value from the sine wave data p@riible 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 iDatee

to Global VI to control its While Loop.

Save the VI.
Switch to theData to Global VI front panel.

RunData to Global. Switch back to th®isplay Global DataVI and

run it. The waveform chart on thzisplay Global DataVI front

panel displays the datBata to Globalis continually writing the

value it calculates to the sine wave data point global variable object.
Display Global Datais reading that global variable object and
updating the chart.

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 the Time Delay is set to 0, the same sine wave data
point value is read from the global variable several times, appearing to
decrease the frequency of the sine wave generaiatanto Global. If

the Time Delay is set to a value greater than SMisplay Global
Datamay never read some values generat&hita to Global, and the
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frequency of the sine wave appears to increase. If you set Time Delay to
50 ms (the same rate used in the While Lodpaita to Global),

Display Global Datareads and displays each value of the sine wave
data point global once and 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,
you must 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.

5. Press the STOP button on isplay Global Datafront panel to stop

the VI. Notice that botiDisplay Global DataandData to Global

stop. The VI continually writes the value of the STOP button to the
Stop Button global variable object. That value is then re&hta to
Global 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 tdata to Global, where that TRUE value is read to
stop that VI as well. (Keep in mind that you are inverting the value
passed to the While Loop conditional terminal.)

6. Close both Vis.

End of Exercise 3-4

© National Instruments Corporation
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C. Important Advice about Local and Global Variables

Initialize Local and Global Variables

You should verify that your local and global variables contain known data
values before your program begins. Otherwise, the variables may contain
data that causes your 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.

Race Conditions

Local and global variables in LabVIEW) notbehave like local and global
variables in conventional programming languages. Recall that LabVIEW is
adataflowlanguage, not a sequential programming language. Overusing
local and global variables can easily lead to unexpected behavior in your
program because functions may 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
X=X*5
X=X+2

or

X=X+2
X=X*5

When you execute the sequential code, the solution for a given vadige of
clear because the statements execute from top to bottom. However, the
LabVIEW code doesot follow such a convention because LabVIEW is a
dataflowlanguage. 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 diagram. In fact, there are several possible solutions, depending
on how the VI compiles. Yocannotassume that the code located at the
bottom of the diagram executed after the code above it.

The above example illustrates what is known i@Ea condition The result

of your program depends on the order in which its instructions execute, and
the code may not execute in the order you assume. If you use local and
global variables, you may have a race condition if you notice that your code
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executes correctly only some times, or that it executes correctly during
execution highlighting, but not during normal execution.

To avoid race conditions, write to a 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 may 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
some very useful goals. For example, you can create parallel loops on a
single diagram that are controlled with one front panel object, or you can
send data between separately running VIs. However, local and global
variables are inherentlyot part of the LabVIEW dataflow programming
concept. Your 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, you should use local and
global variables sparingly, and only when necessary.
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Summary, Tips, and Tricks

LabVIEW Basics Il Course Manual

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
that 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.

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

You should 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; therefore, if used too
frequently, they can make your diagrams more difficult for others to
understand. Use locals and globals wisely.
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Additional Exercises

3-5

© National Instruments Corporation

Open thén 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 tintRange?function
(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 “sine
wave data point” global faster or slower than the data was actually
available.

Modify Data to Global andDisplay 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 inMy Global.gbl namedHandshake , which will be used

to indicate when VIs are ready to send or receive data. Datse

to Global VI, make sure thelandshake global Boolean is set

FALSE before it passes a new data point to the “sine wave data
point” numeric. InDisplay Global Data check to see that the
Handshake Boolean is set TRUE before it attempts to read the
numeric data. In both VIs, you will need to make sure that they set
theHandshake Boolean so the other VI knows when to access the
variable.

Name the new global Boole&tandshake Global.gb] and the
other two VIsData to Handshake Global.viandDisplay
Handshake Global Data.vi
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Notes
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Lesson 4
Attribute Nodes

]

Introduction
In some applications, you may 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 may 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 may want to show
ared trace instead of a green one. Resizing front panel objects, hiding parts
of the front panel, and adding cursors to graphs can also be done
programmatically using attribute nodes.

You Will Learn:

A. What attribute nodes are and how to use them.
B. Some attributes of common front panel objects.
C. How to use graph attributes.

Application SubVis You Will Build:

A. Access VerificationVI
B. Acquire Data VI
C. Analyze and Present Dat&/I

© National Instruments Corporation 4-1 LabVIEW Basics Il Course Manual



Lesson 4  Attribute Nodes

A. Attribute Nodes

Attribute nodes are special block diagram nodes that you can use to control
the appearance and functional characteristics of controls and indicators. You
can set attributes such as display colors, visibility, position, blinking, menu
strings, graph or chart scales, graph cursors, and many more.

Creating Attribute Nodes

You create attribute nodes by selecting@neate»Attribute Node option

from the pop-up menu of a front panel object or from its terminal on the
block diagram. Selecting tigreate»Attribute Node option creates a new
node on the block diagram near the terminal for the object. If the object has
an owned label, the attribute node has the same label. You can change the
label after creating the node. You can create any number of attribute nodes
for a front panel object.

digital control

Change to Indicatar
Hide Control
Find Control
S hows 3
[rata Operations |k

Create

Local W atsble

Reprezentation B
Create Conztant
Create Control
Create Indicator

Because there are many different attributes for front panel objects, we will
cover only the common attributes. Use @@ine Reference(Help menu)
to find information on a particular attribute.

Using Attribute Nodes

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

For example, if you create an attribute node for a digital control, it appears
on the block diagram with the Visible attribute showing in its terminal. A
small arrow appears on the left side of that terminal, indicating that you may
write a value to the Visible attribute for the digital control. Wiring a Boolean
FALSE to that terminal will cause the digital control to vanish from the front
panel when the attribute node receives the data. Wiring a TRUE causes the
control to reappear.
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digital control

digital contraol
*izible

You canreadthe current state of an attribute by popping up on the attribute
node terminal and selectil@hange to ReadWhen the attribute node is
called, it will output a Boolean TRUE if the control is visible or a Boolean
FALSE if it is invisible.

digital caontral
Bfzihle
Chatige All Ta Read T —

Find 3 Current Value

: = —» (TRUE if visible;
Orline Help FALSE if invisible)
Dezcription. .

Show 3
Replace 3

Select I& 3

Add Element

Create Corngtant
Create Contral
Create [ndicatar
Show Full Mames

From the terminal on the attribute node, you can select attributes by clicking
on the node with the Operating tool and choosing the desired attribute from
the pop-up menu.

di%ital control
*izible Attributes
g Dizabled

Operating
tool

K.ep Focuz )/
Blinking

Pozition 2
Bounds 3
Caption

Caption Yizible

T et Width

Format & Precizion  #
Mumenic Text Colorz ¢
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You can read or set more than one attribute with the same node by enlarging
Lé _ the attribute node. Using the Positioning tool, click on the lower corner of
F’OSltlolnlng the attribute node and drag the corner down to enlarge the node. As you
too

enlarge the node, you add more terminals. You can then associate each
attribute node terminal with an attribute from its pop-up menu.

digital control [digital contral digital control]
i ]
'.Ivl,. |:|| 'h*l ' T
iziblg] ——W "-.-"ISI|:I|E!I —» D"-:-"ISIHE!
| | * Dizabled
: ! tk.ep Focus
: [ * Blinking
|
: ! * Pogition
L v Left

Some attributes are clusters. These clusters contain several attributes that
you can unbundle using thénbundle function Cluster palette). Writing
to these attributes requires tBendle function, as shown below:

digital contral]  [Unbundle By Name| digital contral
Pozition® %EH Lefte
S Top*

Reading Bundled Attributes

S p— di%ital u:u:nntn:-||
- S
SRR
*Position Top #Eﬂ
*To
s

Writing Bundled Attributes

To access bundled attributes, selectAlidlements option from the

attribute’s pop-up menu. For example, you can access all the elements in the
Position attribute by selectirRpsition»All Elements as shown to the right.

You can also access a single element from that bundle, suefft as

Wizible
Dizabled
K.ep Focuz
Blinking

J Pozitian

Bounds 3
Caphion Left
Caption Yizsible Top
T et Width

Farmat & Precizion  k
MHurneric Text Colorz k
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Attribute Node Execution Order

Attribute node terminals execute from the top down. For example, in the
waveform graph attribute node shown below, 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.

izible|  [waveform graph|
e L bl

Flo[a}*&ctive Piat

Plot O M ame |HEd|F' Plat Calar Execution
*Plot M ame Order

v chive Plat

Plat 1 Name |Green||:|7' Plat Color
kPlat M ame \
Using the Help Window

LabVIEW'’s Help window andnline Reference(Help menu) are

invaluable tools for implementing attribute nodes. You can use them to find
descriptions, data types, and acceptable values for attributes. With the Help
window active, pass the cursor over terminals in the attribute node to display
information. The following diagram shows help for both a single attribute
and a cluster of several attributes.

*Serall Positian
v Selection

atring conbol / string control
Line nurmber pogitioned at tap af string (first line iz 0)

string control
Cluzter af bwo values specifying text selection
Character pozition for beqginning of selection [inclusive)
Character pozition for end of zelection [exclusive]
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B. Common Attributes

There are many attributes available for the various front panel objects in
LabVIEW. This section discusses the Visible, Disable, Key Focus, Blink,
Position, and Bounds attributes, which are common to nearly all front panel
objects. It also introduces some attribute nodes for specific kinds of controls
and indicators.

Visible Attribute

The Visible attribute sets or reads the visibility of a front 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
digital contral] | — g Wisible = TRUE
s |- [isible digital contral
S

digital contral] | —— Yizible = FALSE

RRRRRRARRRR

~"fizible

Disabled Attribute

?I The Disabled attribute sets or reads the user access status of an object. A
*Dizabled] 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-Bisable user access to the digital control. The control
doesnot change appearance when disabled.

digital n::u:untrn:u|| digital contral

SRR

+Disabled —> | Lo
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Wiring Example-Bisable user access to the digital control and grey it out.

digital contral

SRR

»Dizabled —

Key Focus Attribute

————  The Key Focus attribute 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
can also 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 theKey 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 mouse.

digital contral

{000

I TEE S

Blinking Attribute

The Blinking attribute reads or sets the blink status of an object. By setting

this attribute to TRUE, an object will begin to blink. The blink rate and
colors are set in the LabVIEW preferences. When this attribute is set to
FALSE, the object stops blinking.

Wiring Example—Enable blinking for the digital control.

Block Diagram Front Panel: Normal Front Panel: Blinking
digital conirol digital contral digital contral
= &
oo * S
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Position Attribute
| —

[ —]
rLeft

*Top

Bounds Attribute

[—
Width *

Height*

The Position attribute sets or reads the position of an object’s upper left
corner on the front panel. The position is determined in units of pixels
relative to the upper left corner of the Panel window. This attribute 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
Panel window, 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 Panel window.

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

File Edit Operate Project "E
&[] [1304 i
-

digital cantral

w24

Al By

File Edit Operate Project "@T

@I{Eﬂ E@i ] I I 13pt f-ﬂﬁ
r

digital control

sh2e

s
:‘:\\ L]

The Bounds attribute 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 attribute 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 israad-onlyattribute. It doesotresize a control

or indicator on the front panel. Some objects have other attributes for
resizing, such as the Plot Area Size attribute for graphs and charts.
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Wiring Example—Determine the bounds of the digital control.

— : width

digital contral] [Urbundle By Mame| [width -

 [width Height H_E!—lc" sl contiol - [FET|
= ” [Height W0 | Heen

a6

Numeric Attribute: Format and Precision

*Farmat & Precizion

[
+ Format
*Precizion

The Format and Precision attribute 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 attribute 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.

T digital contral
==t Farmnat & Precizio g 3 1416E+0

Boolean Attribute: Strings [4]

 —

*Stringz [4]

The Strings [4] attribute sets or reads the labels on a Boolean 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.

True and False Tracking Temporary transition levels between the
Boolean states. True Tracking is the transition state when the Boolean is
changed from True to False. The tracking applies only to Booleans with
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“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?

Block Diagram False State True State
Switch Switch
STOP Run

sal* Shrings [4] True Tracking False Tracking

Switch Switch

oy

Boolean Attribute: Colors [4]

 —

*Colars [4]

LabVIEW Basics Il Course Manual

The Colors [4] attribute sets or reads the colors for foreground and
background colors in each Boolean mode. The input consists of an array of
four clusters where each cluster contains two integers representing color.

Wiring Example—Set the display colors for the square LED. The selection
shown displays a black foreground with a red background for the FALSE
states, and a grey foreground with a green background for the TRUE states.

Block Diagram False States True States

zquare LED zquare LED

. Falze | True

4-10 © National Instruments Corporation
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String Attribute: Scrollbar
The Scrollbar attribute sets or reads the visibility of a scrollbar for a string
scrlbat] - control or indicator. When TRUE, the scrollbar is visible.

Wiring Example—Show the scrollbar for the string control.

string contral

string control
- o The quick brown fox — _=
£ i 5 crollbar jurnped over the: lazy
doq.

String Attribute: Display Style
The Display Style attribute sets or reads the display for a string control or
*Display SWle|  indicator. An unsigned long integer determines the display mode.

0 — Normal Display

1 -\ Codes Display
2 — Password Display
3 — Hex Display

Wiring Example—Show the text in the string control in the three other
modes.

‘\" Codes Display

ztring contral
ghring contral Thehzquickhzbrown'aef _-
oehzurnpedhaoverzth
' Dizplay Style ehzlazyhadog. b

Password Display .
string contral

St”r‘l DDntrDl NN R Y -

| —— RME RN MR KRR R RN

*Dizplay Style

Hex Display
ztring contral
zhring contral R
el |
*Dizplay Style
EE 20 BEEF 7820
Ré&FR RDFEN RRRS T
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String Attribute: Selection

The Selection attribute sets or reads the selected text in the string control or
indicator. This attribute is a cluster of two unsigned long integers,
identifying the first and last characters selected in the string. The object
vCelection Starf]  Must have the key focus for the selection to be highlighted.
*Selection End

Wiring Example—Select characters 10 through 20 in the string control.

S election Statf, g coriol string control
The quick
jumped over the lazy
dog.
LabVIEW Basics Il Course Manual 4-12
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Exercise 4-1 Access Verification.vi and Login.vi
Objective: To create and use attribute nodes.

You will finish theAccess VerificationVI, which you will use to complete
theLogin VI that you started in Exercise 3-1.

Note You will use this VI in the project in Lesson 6.
Part A

Front Panel

Employee Record

ame

UE

Password|

|

=

Ermnployes Mo,
0
118 | *hide thiz contral from the®

*Block diagrarm®
*ahd then delete thiz text

1. Open théAccess VerificationVI in Basics2.llb . The front panel of
the VI is already created. You will finish building the block diagram,
hide the Employee Record control, and resize the front panel.

2. Resize the window so the Employee Record control and the free label
below it are not visible, as shown below.

=

I]Kl

3. Open the block diagram.
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Block Diagram

E mplayee Number

—
Yfizible

E mployes Mame

| —

el
| —

* Blinking
*Dizabled

LabVIEW Basics Il Course Manual

1000000000000 00000000000¢cr

E mployes Mame

. M ame mj“Em loves Mumber] 2 ait for K, button,

Employes Mo,

Fasgwiord verified.

__ I:: Ermployee Mumnber| [Employes Marme|

Dizabled

Initizlize the display.

o o o o o o o o o o o o oo o o o Y o o 4

Complete the VI diagram so that the VI behaves as follows:
a. The Verified control should be disabled when the VI is running.

b. When the Verified control is in the False state (red, Access
Denied), the VI should behave as follows:

* The Verified control should blink.
* The Employee Name indicator should be hidden.
» The Employee Number indicator should be hidden.

c. When the Verified control is in the True state (green, Access
Granted), the VI should behave as follows:

* The Employee Name indicator should be visible and show the
name stored in the Employee Record cluster.

» The Employee Number indicator should be visible and show
the Employee No. stored in the Employee Record cluster.

« The Verified Boolean shouldot blink.

To create the Visible attribute for the Employee Number indicator, pop
up on the Employee Number indicator and selrefte»Attribute
Node from the pop-up menu.

To create the Visible attribute for the Employee Name indicator, pop up
on the Employee Name indicator and se{@eate»Attribute Node
from the pop-up menu.

To create the Blink and Disabled attributes for the Verified control, pop
up on the Verified control and selégteate»Attribute Node from the
pop-up menu. Then, resize the attribute node so that it has two
components. Use the Operator tool or pop up on each element in the
attribute node to select the Blink and Disabled attributes.
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Hame Unbundle by Namefunction Cluster palette). In this exercise, the
Employee No.|  function extracts the Name and Employee No. information from the
Employee Record control.

Wait function (Time & Dialog palette). In this exercise, the function

dictates that a loop iteration occurs every 100 ms.

Not function Booleanmenu). In the While Loop, the function inverts
the value of the OK Boolean control; thus, the While Loop executes
repeatedly until it reads a TRUE. In the Sequence structuriothe
function inverts the value of the Verified Boolean, so the Verified
Boolean will blink if its value is FALSE, or not blink if its value is
TRUE.

2. Test the VI. Before running the VI, use the Operating tool to set the
Verified Boolean to the False state. Ensure that the Employee Name
and Employee Number indicators are hidden, and that the Verified
Boolean blinks and is disabled. Then, click OK to stop the VI, set the
Verified Boolean to TRUE, and run the VI. The Employee Name and
Employee Number indicators should be visible, and the Verified
Boolean should not blink.

3. Save the VI with the changes you have made, and then close it.

Note Be sure to close this VI after saving it. Access Verification is set up to Show
Front Panel when Called and Close Afterwards if Originally Closed, because
it will be used as a subVI in Part B.

Part B
Note This VI will be used in a later exercise.

Complete thed.ogin VI using theAccess VerificationVl completed in
Part A.

Front Panel

Login Hame | |

Password | |

0K | Cancel |

1. Open thdogin VI from Basics2.llb . You worked with this VI in
Exercise 3-1. Resize the front panel so the Employee Record and Access
Granted indicators are not visible.
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Note If you did not complete Exercise 3-1, open Login.vi (Exercise 3.1) in
Bas2Soln.lIb. This library will be in the Solutions folder.

2. Open the block diagram.

Block Diagram

1 0000o0o0o0cb

E mployes Record

erify [nformation. vil 2 N fhccess Yerification. v
B b GRAHTED

| —

87 Ky Foous|

(um] ooooo

E
DEHIED

{lhccess Granted

1. Add theAccess VerificationVI, which you completed in Part A, to the
diagram. Use th8elect a VI...option in theFunctions palette. If you
did not complete Part A, get the VI from the Solutions folder.

2. Setthe Key Focus of the Login Name string control to TRUE before
the loop starts, so when the user starts typing, the Login Name
control is active.

3. Save the VI. Run it, trying several Login Name and Password
combinations. Recall that valid names and passwords are stored in
the Verify Information VI, which you created in Exercise 2-1.

End of Exercise 4-1
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C. Graph Attributes

Attribute nodes greatly enhance the programmatic flexibility of graphs and
charts. You can control most graph and chart features with attribute nodes.
Some of these attributes are plot color, X and Y scale information, visibility
of the legend and palette, size of the plotting area, and cursors.

waveform graph

10.0- Flot 0
a.0- ?
B.0-

Legend

4.0-
2.0-

0.0-] i Cursor Display
o 2 E 8 10 /
R A0 i M
'I'I H-HE fi-"f' f : e RE s
Palette

You have many scale options for graphs and charts. With attribute 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 can also use attribute 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 attribute. 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 attribute in
conjunction with other attributes that change the size of a VI's panel.

Using attribute 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 may float on the plotting surface.
Values from each cursor are returned to an optional display on the front
panel. Attribute 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 Attribute

 E—

The X (or Y) Range Attribute sets or reads the range and increment for the
graph axis. The attribute accepts a cluster of three numeric values,
depending on the data type of the graph or chart: X axis minimum value, X
axis maximum value, and increment between the X axis markers. To create
this attribute, select Scale Info»X Range»All Elementgrom the

attribute list. If there is not enough space to display all the increment values
you have specified, LabVIEW will choose an alternate increment value.

Wiring Example—Set the X axis range to 0 to 50 with axis increments of 10.

waveform graph

Active Plot and Plot Color Attributes

[o——
ractive Plot

¥ Plot Calor

The attributes shown at left set or read the active plot (the trace for which
subsequent trace-specific attributes 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 attribute is
accessed by selectifjot Info»Plot Color from the attribute list.

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

fotive Plot

Fred A ctive Plot
'

* Plat Calar

Active Cursor, Cursor Position, and Cursor Index Attributes

[ —
b Achive Curzor

*Cursor Position
¥ Curzar Index

The attributes 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 attribute accepts an integer corresponding
to the desired cursor when there is more than one cursor on the graph.
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
attribute, seled@ursor Info»Cursor Position»All Elements. Cursor Index
accepts an integer corresponding to an element in the array (plot). To access
the Cursor Index attribute, selé€@tirsor Info»Cursor Index.
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Wiring Example—Place a cursor at position (55.5, 34.8). When choosing

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
attributes to this node.

A chive Curzor

waveform graph

r Achive Curzor
*Curzor Position

Plot Area Size Attribute

_ To read or change the size of a graph or chart, send new Width and Height
*Plot Area Size|  yajues to the Plot Area Size attribute. The Width and Height are in units of
screen pixels.

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

25 percent.
Block Diagram

Before Execution After Execution
waveform graph waveform graph
1.0 - sy

0.0-

-1 'I:I_I 1 — I

00 A0 100 150
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Exercise 4-2 Acquire Data.vi

Objective: To create a VI that uses attribute nodes to clear a waveform chart and notify the user
if the data exceeds a limit.

You will finish building a VI that uses attribute nodes to perform the
following tasks:

» 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 exceeds a certain value.

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

7= Note You will use this VI in the project in Lesson 6.

Front Panel

Temperature
B5.0- Scaled Data
Q45— High Lirnit
Fioirits bo Acquire
84.0- ) _
Points Acquired [0 |
835- Sample Fate [ms)
53,0- N High Limit [55.00_]
] . I i 200 Scaling Factor
ll_' ﬂ Cut of Range
Date and Time | 10/9/95 2-24:03 PH | Abort

1. Open théAcquire Data VI in Basics2.llb . The front panel and a
portion of the block diagram are already built for you.
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Block Diagram

OO LN LI ait ekl Mest

S ample Fate [mz s Multiple

*Hiztom Data @

Greater?| A

Pracess Manitar, vi = LTE]
B ad T Proc|F Bundle| [T emperature
ate and Time

Foints Acguired [&:barl]

seconds?|  |[Format Inko String ] b % e Ve[
it Oooo0o0oo0o0oo0oOoo0ooOoooooo0o F'u:nintstn.-'i‘-.cuire

T emperature

réctive Plot
* Plot Colar

1. 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 of 85 degrees, and the Out of Range LED should blink.

a. Inthe Sequence structure, create an attribute node for the
Temperature chart that has two terminals. One terminal should be
the delta X attributeX Scale Info»Xo and delta X»delta X, and
the other terminal should be the History Data attribute. To clear
a waveform chart from the block diagram, send an empty array of
data to the History Data attribute. To do this easily, pop up on the
attribute and selec@reate Constant Make sure that the array
constant is empty.

b. In the Case structure inside the While Loop, create an attribute
node for the Temperature chart that has two terminals. The top
terminal should be the Active Plot attribute, and the bottom
terminal should be the Plot Color attributdt Info»Plot
Color). You will need these attributes in both cases of the Case
structure. The High Limit plot is plot 1, so set the Active Plot
attribute to one before setting the Plot Color attribute. If the data
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is 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 attribute.

c. Pop up onthe Out of Range indicator to create the Blink attribute
node. The indicator should blink when the temperature is greater
than the High Limit.

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

End of Exercise 4-2
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Exercise 4-3 Analyze and Present Data.vi
Objective: To use attribute 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.

7= Note You will use this VI in the project in Lesson 6.

Front Panel

Data Analysziz Besults
85.0- Collection Date and Time
260~ |
o4 - Mo, of Paintz in Subzet El
87 - b &irnurn W alue
a0.0- kdinirum % alue
I Mean

a0y i ] I I .
0 5 10 15 20 Data Subset % 0}

Eusor 0000 |[Fo.53 |mERE
Eursor 1)[5.60 et JLERE

Analyze Selected Subset || Log Resultz to File Return

1. Open thnalyze and Present Data/I in Basics2.llb . The front
panel for this VI is 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 attribute
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 on the Analyze
Selected Subset button, read the location of each cursor and use this
information to find the average, maximum, and minimum values of the
subset of data.
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Block Diagram

'DDDDDDDDDDDDDDDDDDDDMD[D1]tDE|E|E|E|E|E|EIE|E|DE|E|E|E|E|E|E|EIE|E|

D ata
[DBL]

| |[Collection Date and Time
E— chive Cursol ;
E— ¥ Cursar Indes -
Wrray Size '.ﬁ.ctive Corsar = . 2| Analysis Aesulks
-E}I -1 v Curzor Indew | |Essmmmmmmmg
I v Eil
ample rate [mz

O0000000000000000000000000000000000000000000020

'DDDDDDDDDDDDDDDDDDDDEH1[|:|'I]EDDDDEIDDDDEIDDDDDDDEIDDD

% [Analvze' preszed.

Bundle] [&nalysi

pbc Fesults
o

rActive Cursor M & Mir]

iurs_u:ur Igdex Nz
rachve Lursor

I
Curzor Indes 'J_.

Jig=r

Search "
10 Aray| B _
....................... :
E F Joren ;
s

OO0O000000000000000000000000000000000000000000070

1. Complete the block diagram shown above.

To create the attribute nodes, pop up on the Data terminal and choose
Create»Attribute Node from the pop-up menu. Use the Positioning

tool to resize the attribute node so it has enough terminals. You can then
select the attribute by popping up on the newly created node and
choosing the attribute from ti&elect temmenu. The Cursor Index
attribute is found irCursor Info»Cursor Index.

Array Subset function @Array palette). In this exercise, extracts the set
of data points to analyze.

LabVIEW Basics Il Course Manual 4-24 © National Instruments Corporation



3.

Lesson 4 Attribute Nodes

Max & Min function Comparison palette). In this exercise,
determines the first and last index for finding the subset of data to
analyze.

Array Max & Min function Array palette). In this exercise, returns
the maximum and minimum values in the waveform.

Mean VI (Mathematics»Probability and Statisticspalette). In this
exercise, calculates the average value of the set of data elements selected
by the cursors.

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.

Save and close the VI.

End of Exercise 4-3
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Summary, Tips, and Tricks

» Attribute nodes are powerful tools for expanding user interface
capabilities. You use attribute nodes to programmatically manipulate the
appearance and functional characteristics of front panel controls and
indicators.

» All front panel controls and indicators have attributes.

* You create attribute nodes from the pop-up menu of a control or
indicator (or a control or indicator terminal on the diagram).

* You can create several attribute node terminals for a single front panel
object, so you can configure attributes from several locations in a block
diagram.

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

» Attribute nodes greatly expand graph functionality. Some of the many
graph and chart attributes you can manipulate include the graph size,
scales, and cursors.

» The Help window is a useful tool for learning more information about
individual attributes from a node.
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Additional Exercises

4-4

4-5

© National Instruments Corporation

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 choose the following options: Enable
and Show Button, Disable Button, Grey Out Button, and Hide
Button. Use attribute 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 Bsitton Input.vi when

you are finished.

Open thénalyze and Present Data/l you developed in Exercise
4-3. Modify the VI so that if the number of data points in the
subset to be analyzed equals one, the Log Results to File button is
grayed out.
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Notes
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Introduction
When implementing subViIs that do file I/O, you may need to account for
different file formats. For example, if a third-party application will need to
read data acquired by LabVIEW, you should save that data in ASCII format
because most applications have support for ASCII 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 1/0 techniques and the built-in file /0
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.

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

Application SubVIs You Will Build:

A. Save Data to Filevl
B. View Analysis FileVI

o0 wp
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A. Working with Byte Stream Files

LabVIEW's file I/0O functions make working with byte stream files (ASCII

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 <Tab> and <Return>, 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
Before discussing byte stream files in detail, we will first briefly review the
basic LabVIEW file 1/0O functions. These functions are in the
Functions»File I/O andFunctions»File I/O»Advanced File Functions

palettes.
Note Use the Online Reference (Help menu) for more information on these
functions.

TheFile Dialog function ile I/O»Advanced File Functionspalette)
displays a file dialog box for file selection. You can select new or existing
files or directories from this dialog box. We will discuss the use of the
datalog typeinput later in this chapter.

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

TheOpen Filefunction File I/O»Advanced File Functionspalette) opens
an existing file. You must wire a valid path to file path input. This
function isnotcapable of creating or replacing files. It opens @xigting
files. Thedatalog typeinput is used only when opening LabVIEW datalog
files.

datalog type s——

file path P

OFEH]"
open mode (0] —'_ﬁ
deny mode [2] f‘_m errar out
Il it

Open File
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TheNew Filefunction §ile I/O»Advanced File Functionspalette) creates
anew file for reading or writing. You must wire a path to the file path input.
Thedatalog typeinput is used only when creating new LabVIEW datalog
files.

datalog type
pEMIZzions:
file path
group ~

deny mode [2]
2707 i
averrite [F] e i

refrum

Jpecmcs grrar Uk

New File

TheWrite File function File I/O 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 a LabVIEW datalog file.

corerk El:ll [F] ......................... ;
hEadEr [F] ................ H

refnum g dup refrium
pos made [0:2] - = offzet
pos offzet [0] | p=lis) B pror out
2707 i mjm
data

Write File

TheRead Filefunction File I/O palette) reads data from an open file.
When reading byte stream files, you can usdtthe stream typeinput to
indicate how LabVIEW should interpret data in the file. We will discuss this
concept later in this lesson.

convert eol [F)

line mode [F]
refnum FILE [ dup refrium
. I — =
pos mode [0:2] T —E R data

pos offzet [0] offet
EIror in mjm error out
count
byte stream tepe

Read File

TheClose Filefunction Eile 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 th@rite File function to create both types of byte stream
files—ASCII and binary. Creating an ASCII file is as simple as sending a
string containing characters to té&ite File function.

Fil= Dialog]  [Mew File] rike File Cloze File] [Simple Eror Handler, v
iz file @ path Nﬂ"_' refrum | "m_ :
e HOD el R iman [FE R
error

When to Use ASCII Files

ASCII files are useful and common for many reasons. Almost every
operating system and a majority of software applications can read and write
files in ASCII format. Historically, most instrument control applications
(such as GPIB and serial) use ASCII strings to send control statements. With
the advent of message-based VXI instrumentation and the VISA instrument
architecture, the continued use of ASCII-based information and data
exchange seems certain.

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

ASCI! files also have some significant disadvantages. First, it is difficult to
randomly access data in an ASCII file. Even though each character in the
string takes up one byte of space, there is no standard width for numeric
fields. In addition, ASCII files can require significantly more disk space
than other file formats to store information. Thus, using ASCII files in your
application may degrade performance in some situations.

As shown above, thé&/rite File function skips over any header information
that LabVIEW uses to store the string in memory and simply writes the
contents of the string data control to the file. (For a more detailed discussion
of data types, see section A of LessoAditional Topicg In fact, the

Write File function does not distinguish an ASCII string from a binary
string when writing the data to the file—it simply places the data in the file.
The data terminal of th&/rite 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 simply wiring binary data to thrite File function in the
previous example. However, you will find that header information is vital
for interpreting the binary file.
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For example, if you wire a two-dimensional array of numbers intdatee
terminal, théWrite File function places a byte-for-byte copy of the input
data into the file. It does not convert the numbers to ASCII, nor does it place
any information about the number of rows or columns in the array into the
file. Even if you know that the data was 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.

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 usingtteaderinput of theWrite

File function. The following example shows how to explicitly generate a
header that contains the number of rows and the number of columns of data.

File Dialog)  [Mew File| tite File] pasrite File| fwrite File||Clase Filel|Simple Eror Handler, vil

[onew ﬁ|.3|—@ path {Nflﬁ refrim E‘ g Ié- Fﬂ

1]
J Hrows

Heoolumns

You can also generate the same file usindpdaelerinput of theWrite File
function. If you wire a Boolean value of TRUE to theaderinput 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 us@fiite File
function to create a binary file with a header.

File Dialog)  [Mew Fﬂ OH In:nse u Simple Error Handler v
Wzt il path [aEM refnum F"'E @
o HD o R
data eror nte lirite File]
[5“'_] InIIIIIIIIIIIIIIIIIIIIIIIIIIIINIL

Using the above 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 as well as two additional long integers (four bytes
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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 below, you can read the binary file from the previous examples by
using theRead Filefunction.

Fil= Dialog]  [Open File]

Read File Cloze File] [Simple Eror Handler, v
4+ xisting file path e el | LOSE" @
10T
o

Notice that théoyte stream typeinput of theRead Filefunction has a
two-dimensional array of single-precision numbers wired to it.Réwed
File function uses only thaata typeof this input to read the data in the file,
assuming that it has the correct header information for that data type.

Byte Stream Files

If you store arrays of numeric data in a file, you may find it necessary to
access data at random locations in the file. Random access of data stored in
ASCI!I files is hampered by the presence of negative signs, varying number
of digits in individual data points, and other factors. For example, given an
array of 100 numbers ranging in value from 0 to 1,000, you cannot predict
where a given element in the array is located within the ASCII file. The
problem is that in ASCII, 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 easily read an arbitrary group of elements
from the array, as shown below.

oz mode [1:2
kzhart T

select mode [2 File Dialog| Dpen File] Head File Cloze File] [Simple Eror Handler. v
— lorER| FILE [gg — LG H]
r existing file =] 4RA%| path E refrum 4 v ﬁl
= = 18 =
efrar
0,00

index of 1zt element to read

[ bytes # SGL numbed|4

bwte stream twpe [SGL

poz offzet

# of values to read

[calculate number of bytes from the
beginning of the file to begin reading data)
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In the above example, tip®s modeinput of theRead Filefunction is set
tostart , 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 th& element in an array of single-precision
floating-point numbers stored in this file is 4 * n bytes from the beginning
of the file. A single-precision, floating-point constant, wired toliyie

stream typeinput, tells theRead Filefunction to read single-precision
floating-point values from the file. Thevalues to readcontrol, connected

to thecount input of theRead Filefunction, tells the function how many
single-precision elements to read from the file. Notice that whetotin&

input is wired, the output data is placed in an array, because more than one
value can be read from the file.

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

*  When performing ASCII and binary file I/O, remember that values
for thepos offsetterminal are measured in bytes.

* When using th&kead Filefunction, thecount input controls how
many bytes of information are read from the file whenkyte
stream typeinput isunwired The data read from the file is returned
in a string.

» If the byte stream typeinput is wired, thelata output of theRead
File function is of the same data type as ltgge stream typeinput
when thecount input isunwired

» If the byte stream typeinput is wired and theount input has data
connected to it, then thHRead Filefunction returns aarray
containingcount elements of the same data type ashiyte stream
type input.

* You can find more detailed information in t®aline Referenceand
the LabVIEW Function Reference Manual.

When to Use Binary Files
Binary files can be much more efficient than ASCII files because they
typically require less disk space to store the same amount of information.
When numeric data is stored in a binary file, it is also relatively simple to
randomly access 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.
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Exercise 5-1 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 (I132) containing the number
of data points in the file. In the next exercise, you will build a VI that reads
the binary file.

Front Panel

Select Wfavefnrm \Wavelom Giaph Plat 11 H
| Sine j BEEEE
“Dialog Ring® o [
Elements:

£

Sine

Square

Sawtooth
Reprezentation -» |32 [Long]

Mumber of Data Paintz

100

“Digital | ndicator
Representation -» |32 [Long]

“wf aveform Graph®

1. Open anew VI.

2. Build the front panel shown above. When you create the dialog ring,
recall that a shortcut for adding a new item to the list of options is to
press <Shift + Return> after entering the text for an item in the list.
Item O in the list should have the t&xro , item one should have the
text Sine, and so on. To view the numeric value of the dialog ring,
pop up on the control and sel&tow»Digital Display.

7= Note The appearance of the dialog ring control will vary from one platform to the
next.

3. Show the block diagram.
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huncﬁnn

Open/Create/Feplace File. v

| create or replace = éﬁ:__. éj-

Simple Error Handler.

Humber of Data Points]

B
Select ‘W aveform) [Acouire Signal.vi
T D
ﬁ
igna

=

0,
z [m

ﬂ
BCh. 7

m
[

) R

—_

A ztar

4+ create of replace

Bicg
Signal

%

2.

Build the block diagram shown above.

Open/Create/Replace File/I (File 1/O palette). This VI creates or
replaces a file.

Write File function Eile 1/0 palette). 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.

Close Filefunction Eile 1/0O palette). In this exercise, closes the binary
file after data has been written to it.

Simple Error Handler VI (Time & Dialog palette). 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, pop up onpes modenput of theWrite File
function and seled@reate Constant Setting the position mode to
start ensures that new data is written relative to the beginning of
the file.

To create this constant, pop up on Bumction input of the
Open/Create/Replace File/l and selecCreate Constant By
selectingcreate or replace you are allowing the user to create a new
file or overwrite an existing file.

Acquire Signal VI (User Libraries»Basics-Il Coursepalette). In this
exercise, generates the waveform selected by the Select Waveform
control.

Array Size function @Array palette). In this exercise, returns the
number of elements in the 1D array of data to be written to the file.

Save the VI aBinary File Writer.vi . Run it, saving data to the file
on disk namediata.bin

End of Exercise 5-1

© National Instruments Corporation
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Exercise 5-2 Binary File Reader.vi
Objective: To build a VI that reads the binary file created in the last exercise.

Front Panel

MHurnber of Data Paintz
100

“Digital |ndicator
Reprezentation -» |32 [Long]

“waveform Graph®

1. Open a new VI and build the front panel shown above.
2. Show the block diagram.

Block Diagram

Mumber of D ata Points]

Open/Create/Feplace Fie.wvl [Fead File ! Cloze File]  [Simple Eror Handler. v
FILE _ L FILE _ LOSE"
o e bl

k -2 ]
phe ghream bipe = ] count aveform
[byte: streamn bpe = DELED 00  [0BL] ;

1. Build the block diagram shown above.
Open/Create/Replace File/I (File 1/O palette). This VI opens a file.

o,
z @

0

FLE[E| Read Filefunction File 1/0O palette). 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 elements in the

array stored in the file. The second instance reads the array of data from
the file.

|
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Close Filefunction (File I/O palette). In this exercise, this function
closes the binary file after data has been read from it.

Simple Error Handler VI (Time & Dialog palette). In the event of an
error, this VI displays a dialog box with information about the error and
where it occurred.

Return to the front panel. Save the VIBasary File Reader.vi.
Run the VI. Open théata.bin  file created in Exercise 5-1.

After the file opens, thRead Filefunction uses thbyte 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\thte File function

in theBinary File Writer VI in Exercise 5-1.

The secondRead Filefunction reads the array of data points from the
file using thebyte streamtype input, which has a double-precision
floating-point value wired to it. Theount input specifies how many
values should be read from the file.

Close the VI.

End of Exercise 5-2

© National Instruments Corporation
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B. LabVIEW Datalog Files

If your data has a mixture of data types, formatting it into ASCII or binary
strings to store it may be tedious or inefficient. LabVIH#¥alogfiles use

a data storage format for saving records of data of an arbitrary data type. For
example, you may 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 example at the right, 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

Operator

[Eirett |

T e=t Infarmation

[Speed Test |

Tirne Stampl
24212 FM |

Test Data
20 [z

You use the same file I/O functions to work with datalog files as you use for
byte stream files. However, you use the data type input differently for
datalog files. To create a new datalog file, you wire a cluster matching the
data record cluster to thiatalog typeterminal of theNew File function.

This cluster specifies how the data will be written to the file. Then you wire
the actual data record to tata terminal of théNrite File function. The
datalog typecluster wired tdNew 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.

File Dialog] Mew File] fadiite File| [Cloze File| [Simple Emar Handler. il

o B W

To read the record of information back from the datalog file, you must wire
an input to thelatalog typeof theOpen File function thaexactlymatches
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the data type of the records stored in the file. The following example shows
how to open and read an existing datalog file.

Fiead File] [Close Filg] [Simple Emar Handler v

File Dialog] [Open File]

o &

data record
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 thecount input of theRead Filefunction remains unwired, the
function reads a single record from the datalog file. If you wire an input to
thecount terminal,Read Filewill return an array of records.

When to Use Datalog Files
You can use datalog files to store and retrieve complex data formats quickly
and easily in LabVIEW. However, datalog files—Ilike 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 quickly and easily.
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Exercise 5-3 Save Data to File.vi
Objective: To finish a VI that saves data in an ASCII, binary, or datalog file.

Note Completing this VI will enable the Log Results to File option in the Analyze
and Present Data VI from Exercise 4-3. Recall that you will use Exercise 4-3
in the project in Lesson 6.

In the application being developed, a mixed data set needs to be saved to
disk. This data set contains simple numerics, arrays of numerics, and string
data. In addition, this data will be used only from within LabVIEW. Because
of these requirements, datalog files provide an easy way to save the
application’s data subsets to disk.

Front Panel

D ata Eluster|
Drate/Time Stamp

Mean|
<0.00

Emplayees M ame|
|

1. Open thesave Data to FileVl in Basics2.llb . The front panel is
already built.

The two controls on the front panel will be used to pass application data
to this VI, which will function 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.

2. Open the block diagram.
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pr—— SRR oo e
new data file: Simple Ermor
iite File]  [Cloze File] Handler.vi | 2
ki file i ir; LBE
i ines N
e

.........................

Sawe Subzet as D atalag file

File already exists.
Thiz application
will Rt avvenwite] |
an exizting file.

Eithier the file already exists, or the uger pressed
the Cancel buttor in the File Dialog.

1. Complete the Case structures for the block diagram as shown above.
The cases that are not shown are already built.

a. Delete the Boolean constant labebetete Me! . Create thé&ile

2

*+he file

IN arme far the new

data file;

HEL|*

© National Instruments Corporation

Dialog function, connecting the output of thristsandcancelled
terminals to the inputs of th@R function. Theexistsvalue

should also be sent to the Case structure as shown in the figure
above.

File Dialog function File I/O»Advanced File Functionspalette).
This function prompts for the name of the new file.

To create this constant, pop up on ske&ct modanput of theFile
Dialog function and sele@reate Constant Set this constant to the
valuenew file  with the Operating tool.

To create this constant, pop up on pihempt input of theFile
Dialog function and selec@reate 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.

New File function File I/O»Advanced File Functionspalette).
This function creates the new file. Notice thatdhtalog typeinput
to this function must receive an input.
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FILE Write File function File I/O palette). This function simply writes a
Ié_ record to a datalog file.

Close Filefunction File 1/0 palette). In this exercise, this function
closes the file after the data is written to it.

CLOSH
Simple Error Handler VI (Time & Dialog palette). In the event of

an error, this VI displays a dialog box with information about the
error and where it occurred.

2. After finishing this VI, save and close it.

3. OpenAnalyze and Present Data.yiwhich you completed in
Exercise 4-3. This VI callSave Data to File When you run this VI
and press the Log Results to File button, $iage Data to FileVI
should pop up a dialog box so you can name the data file to save.
Once the filename is selected, the data set is saved as a datalog file.

End of Exercise 5-3
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Objective: To study a VI that reads data files created by the Save Data to File VI from
Exercise 5-3.

This VI reads and displays the data stored byStnee Data to FileVI.

1 Note You will use this VI in the project in Lesson 6.

Front Panel

D ata collected b

[rata Chaster

Drata E

Mo, af Paintz

s

.40

=) T
= 5
= c
= 5

9.59

kean
4,30

i

Drate/Time Stamp

|1.-"1 #96 12:00:00 AM

E it |

1. Open th&/iew Analysis FileVIin Basics2.llb . This VI has already

2. Show the block diagram.

© National Instruments Corporation
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Block Diagram

e :-.:.-.:.'.:.-.:.'.:.-;r;.-;r;.-;r;.-;r;.-;r;.-;r;.-

Select a data file:

100

o P ¢ OFEH] FILE /&3 LOSE" CTF |[E «it]
o S

E mployes
M ame

TIuE caze is emphy.

1. Examine the behavior of the VI. If the user cancels the file dialog box,
nothing happens.

Notice that the File Dialog function’s datalog type input is wired to a
dummy cluster of the same datatype 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.

2. After you have run the VI and tested it, close it. Do not save any
changes.

End of Exercise 5-4
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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 caltigk streamingDisk streaming is a
technique we have used in this course (see Exercise 5-3 for one example)
without discussing its performance advantages.

The examples below 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.

_ . Simnple Errar
Tike File Cloze File] Handler. vi
FILE CLOSH"
Ef i
] Wa\{efurm
channels Scan.vi 5
T 1
o] i L Totats],
Humber of scans | e :

Open/Create/ Simple Error
Feplace Fila.vi rite Filg Cloze Filg| [Handler. vi
FILE EL&S%

| a0 waetorm

| [Scan.vi
I wr o
ae o W ANVE
o

File I/O Example Using Disk Streaming

Disk streaming is especially important when you use the high-level Vs,
such asNrite To Spreadsheet FileandWrite Characters To File. These

VIs open, write, and close the file each time they execute. Thus, if you are
calling one of these Vis in a loop, you are performing unnece€gsy

File andClose Fileoperations during every iteration of the loop.
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Summary, Tips, and Tricks

You can use the LabVIEW file 1/O functions to work with ASCII, binary, or
datalog files. The same basic operation®pén File, Read File Write
File, andClose Filework with all types of files.

ASCII Files

ASCII data files are files in which all data is stored as readable ASCII
characters. ASCII data files are useful because almost all software
applications and operating systems can read them. However, ASCII files can
be larger than necessary and therefore, slower to access. It is also very
difficult to perform random access file 1/0 with ASCII files. You typically
use ASCII 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 I1/0O speed are not crucial.

Binary Files

Binary data files are files in which data is stored in binary format without
any conversion to ASCII 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 file§Ve recommend you use binary data files
when:

» Other users or applications are unlikely to need access to your data.
* You will need to perform random access file I/O in the data file.
» Disk space and file I1/0 speed are crucial.

Datalog Files

Datalog files are a special type of binary file for saving and retrieving
complex data structures in LabVIEW quickly and easily. 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 Vls to access the data know the datalog structure.
Disk streamings 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 execute, incurring unnecessary overhead
in each iteration of the loop.
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Additional Exercises

5-5

© National Instruments Corporation

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 an ASCII string
using theé~ormat Into String function. Name the \fFile Writer.vi .

Write a VI that uses the Advanced file I/O functions to read the file
created in Exercise 5-5. Name thePfle Reader.vi

Hint: Use the EOF functiorFle I/O»Advanced File Functions
palette) to obtain the length of the written file.
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Notes
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Lesson 6
Developing Larger Projects
in LabVIEW

e

]

Introduction
This lesson discusses 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 subVIs.
B. The LabVIEW features for managing project development.
C. About LabVIEW tools for project management.
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A. Assembling a LabVIEW Application

Lesson 1 of this course discussed 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. This development cycle is reviewed below.

Process
Define Project Customer Te_s L& Release
Final Product
Feedback
Design Integrate SubVIs
Flowchart into Project
Implement
Nodes as Vis Test SubVls
Top-Down Bottom-Up
LabVIEW Project Development Process
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In lessons 2 through 5, you concentrated on the bottom elements of this
process, implementing and testing subVIs which correspond to nodes of the
project flowchart. This project flowchart is shown below:

START

L

Monitor _
User Interface | » < Sefacfion Mada? ng:c?:éfn Logged in?
Menu '
| Log In
Ma
Configure
(it butfon | Acquisition Settings
pressad? *
Collect
Ves Process Data Process

Selection

STOP :
| | Analyze Current Data

and Save to File

T~/

Load and View
| 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.

© National Instruments Corporation 6-3 LabVIEW Basics Il Course Manual



Lesson 6 Developing Larger Projects in LabVIEW

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 History window 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 LabVIEW Vls and LLBs (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 Vls 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 in the VI Information window. You
should also indicate that you have checked out the VI by adding a comment
in the VI History window. When you lock a VI, its 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 VI.

Typing information about a VI in the VI Information window and using the
Description entry of front panel controls and indicators are easy ways to
clearly document your VIs. Control descriptions also provide online help
you can use in the final product.

Using LabVIEW Libraries (LLBs)

LabVIEW library files (LLB files) are a useful means to organize VIs.
Some of the advantages of using LLBs are:

* You can use names up to 255 characters in length for your VIs.

* 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.

There are also some disadvantages when using LLBs:

» Loading time for applications that use a large number of subVIs stored
in LLBs is generally slower than if the subVIs are stored directly on
disk.
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When LLB files become large (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 a rule of thumb, try to limit the size of your LLB to roughly 1 MB.
Whether you store your Vs in an LLB or directly on disk may depend on
file naming restrictions in your operating system or how you choose to
organize your files.

© National Instruments Corporation
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Exercise 6-1 Application Exercise (6-1).vi

Objective: To use the Login VI created in Exercise 4-1 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 th&enu VI created in Exercise 2-3.

Front Panel

menu cluster Cperator
:
AL “Sin'!ple String®
Configure Data Acquizition el
Acquire D ata
Analyze & Prezsent Data
Yiew Analysis File Quit

1. Openthevlenu VI in Basics2.llb . 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 Simple String indicato&{ring & Table palette) to the front
panel. Label iDperator

3. Open the block diagram.
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Block Diagram

State machine:

State  Action
1 MoEvent| }EODODOODOOODO
0 Lagin
1 Configure "]
2 Acquire
3 Analyze Dooooooon
4 llvlllew (K CAHCEL}-.

[Iriitial State:-T Mo Event]
a1, Default b

Search 10 Array

1. Modify the VI so that it calls thieogin VI when the user presses the
Login button on the front panel (Case 0 of the Case structure).
Remember to delete tii@ne Button Dialogfunction that you placed in
Case 0 in Exercise 2-3.

Note If you did not complete Exercise 4-1, 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 menu option should execute.

c. If theLogin 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 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, as shown in the figures on the previous page.

By using the shift registers, notice that only Case 0, in whichaba VI
executes, can change the Operator and access granted values.

The loop checks to see if 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) to determine which case to execute. If
both 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 VI agpplication Exercise(6-1).vi Do not close the VI.

End of Exercise 6-1
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Exercise 6-2 Application Exercise (6-2).vi

Objective: To add the Configure Acquisition and Acquire Data functions to the application
started in Exercise 6-1.
In the previous exercise, you began buildingApelication Exercise VI.
Now, you will add theConfigure Acquisition VI, which has been
previously built, and thécquire Data VI, which you finished in
Exercise 4-2.

Block Diagram

State machine:
State  Action
-1 MoEwvent TOoooooooog
1] Login
1 Configure
2 Acguire : Configure Acguisition. vi
3 Analyze loooooooon Tonfig
4 WiEwm I?r'nr?stfe -

[Imitial State:-1 [Mo Event]

ValMurnber of 5 amples
40005 arnple Periad [rms
35, 00High Lirnit

|Jnbundle By Mame

Mumber of Samples Acguire Data.

4 ACOUIRE

= | Sarmple Period [mz)
: High Lirnit

1. Make sure that th&pplication Exercise(6-1)VI is open. You will not
modify the front panel in this exercise. Open the block diagram.
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2. Delete theOne Button Dialogfunction in Case 1 of the Case
structure. Add th&€onfigure Acquisition VI to this case. You can
find this VI in Functions»User Libraries»Basics-11 Course

a. Connect the string containing the operator name to the Operator

b.

input.

Add a shift register to the border of the loop. Connect the
Configuration out terminal a€onfigure Acquisition to the right
side of the shift register.

Connect the value from the left side of the shift register you
created in step 2b to the Configuration in terminal of the
Configure Acquisition VI.

3. Show Case 2 of the Case structure and delet@ribdButton Dialog
function. AddAcquire Data.vi, which you finished in Exercise 4-2.
If you did not finish that exercise, use the VI from the solutions
located on your computer.

a. Use thdJnbundle By Namefunction Cluster subpalette) to

unbundle the Number of Samples, Sample Period (ms), and High
Limit items from the cluster containing the configuration
information. Recall that you placed this cluster of information
into a shift register.

Add a shift register to the border of the While Loop. Connect the
Data output of thécquire Data VI to the right side of the shift
register.

Pop up on the loop border to add another shift register. Wire the
Date and Time output gfcquire Data.vi to the right side of the
shift register.

You must initialize the new shift registers you have created in this

exercise.

a.

Pop up on the left side of the shift register that contains the
configuration cluster and choo§geate Constantfrom the
pop-up menu. Set the Number of SamplegxtpSample Period
(ms) to400, and High Limit to85.0 . This will be the default
configuration for acquiring data until the user changes it by
pressing the Configure Data Acquisition button.

Pop up on the left side of the shift register storing the Data output
from Acquire Data.vi and choos€reate Constantfrom the

pop-up menu. Initially, this shift register will contain an empty
array.

Wire anEmpty String (String subpalette) to the left side of the
shift register that stores the Date and Time output fAaouire
Data.vi.
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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 passes through the other cases
unchanged (recall the method used in Exercise 6-1).

Save the VI ag\pplication Exercise(6-2).vi Run it and test it.

End of Exercise 6-2

© National Instruments Corporation
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Exercise 6-3 Application Exercise (6-3).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 theAnalyze and Present DataV/l from Exercise 4-3 and the
View Analysis File VI, which you studied in Exercise 5-4.

Block Diagram

State machine:

State  Action
1 Mo Event| MOOOOOoOOO0

0 Login

1 Canfigure

2 Acquire

3 Analyze | LOO OO
4 Yiew

[Imitial State:-1 (Mo Event]

Coanfiguration

POk urmber of Samples
40085 ample Period [ms
25,000 High Limnit

1. Make sure that th&pplication Exercise(6-2)VI is open. You will not
modify the front panel in this exercise. Open the block diagram.

2. Delete theDne Button Dialogfunction in Case 3 of the Case
structure. Add thénalyze and Present DataV| to this case. You
completed this VI in Exercise 4-3.

a. Connect the string containing the operator name to the Operator
input.
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b. Connect the array containing the collected data to the Data input.

c. Connect the string containing the date and time to the Collection
Date and Time input.

d. Use theJnbundle By Namefunction to unbundle the Sample
Period (ms) item from the cluster wire containing configuration
information. Wire this value to the sample rate (ms) input of
Analyze and Present Data.vi

3. Show Case 4 of the Case structure and delet@ribdButton Dialog
function. Add theView Analysis FileVI. You do not need to make
any connections to it.

4. Save the VI adpplication Exercise(6-3).viand 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, press the Analyze button and
then select the button to save the data to file. Otherwise, the file will not
contain any waveform data.

End of Exercise 6-3
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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 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
History window to track changes and revisions to VIs and applications. You
can configure LabVIEW with several different VI History options, which
apply on a global or per-VI basis (using the LabVIEW preferenc¥$ or
Setup).

To open the History window for a VI, chooSaow History from the
Windows menu.

Windows Bl

Show Diagram Chil+E
Show W Info... Chrl+l

The History window appears as shown below.

Ilzer erics Mext Revigion: 2
Comment

Started coding main uger interface loop. j
¥ Hiztory Feset... Add

rev. 1 Thu, Feb 12,1933 10:51:42 AM erics .
Deszigned initial user interface layout,

After typing your comments into the Comment area of the History window,
click onAdd to add them to the VI's history. The VI 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, or you can change the user name by selétgergNamefrom

the Edit menu.
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One of the most important advantages of breaking your main application
into subViIs 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, we recommend 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, choose the
Show VI Info option from theNVindows menu. Typically, you should

consider breaking a VI into several subVIs if the block diagram for your VI

is too large to fit entirely on the screen.

Block Diagram Size > Elock Diagram: 44.3K

I+ VI Information E

Mame: Application Exercize [B-3).vi Locking and Password Status:

Path: CALabVIEWSolutions\Bas2Son bt | © Unlocked [no password)
Application Exercize [B-3]. i £ Locked [no password)

£ Password-protectad
Explain... | i lvanne Ias

Current Revigion: 14

Dezcription:

Enercize B-3. Thiz iz the completed application exercize, -

~Mermory Uzage:

Resources: - Frant Panel 7.5k

Code: 264K
Data: 4.7K
Total: ~82.8K

ak. | Cancel |

If you find that the block diagram for a VI is getting too large, you can easily
convert part of it into a subVI by usirf@ubVI From Selectionin theEdit
menu. 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, sele&how VI Hierarchy from theProject menu.

A new window appears showing the hierarchies of all top-level Vs in
memory.
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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 on 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 as you
see fit.

The Hierarchy window shown below contains the hierarchy of the
application you completed in the previous exercise. The entire hierarchy
was shown by popping up on a blank area of the window and ch&@jzimg

All Vis .

Redo Layout Horizontal Layout Include Globals
Vertical Layout Include VI Library Include Type Def

EE Hierarchy Window

ACAUIRE -
DATA A
o5 a
Cionfig Proc [P
#,rate = [ T]

N

lim,=F HMon

RHALYZE+

TDP FRESEHT
v

Level o
APE

Ertar Ertar
b | 2+

—
i

Olata

0K CRHCEL F ﬂ

GRAHTED

¥
DEHIED

Werify
Inko
W oK

[ ﬂj'

As you move the cursor over the icons shown in the Hierarchy window, the
name of the VI appears below the VI. You can double-click on an icon to
open the VI. You can also locate a VI 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 VI. You can also usd-thd feature to
search the Hierarchy window for a VI.
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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,
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 ViIs, red icons could represent subVls 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.

Using Online Help in Your LabVIEW Applications
As you put the finishing touches on your application, you may want to
provide online help to the user. LabVIEW offers several mechanisms for
doing this. By using thBescription option available on every front panel
control and indicator, you create not only well-documented VIs, but also VIs
that have extensive online help available to the user.

If you choose&Show Helpfrom theHelp menu, the LabVIEW Help window
appears. As you move the cursor over an object, the Help window updates
to show its description. You can programmatically show or hide the
LabVIEW Help window with the&set Help Window StatusandControl

Help Window functions, which you find in thapplication Control»Help
subpalette.

Use this function to determine if the 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 Help window is visible, and
where it will appear when shown.

St e ﬁ.}
57

Top Left Corriey s {

Control Help Window

You can also use th@ontrol Online Help function to access LabVIEW's
Online Reference or custom help files that you compile using third-party
tools. The type of online reference development tools you can use to develop
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VI Comparison

LabVIEW Basics Il Course Manual

this type of help file depend on the platform on which your application
will run.

Windows Microsoft Help .qlp files)
Macintosh QuickView
Sun/HP-UX HyperHelp

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

o
O

Operation

String to zearch for
Path to the help file
Errar [nput

g

Errar Output

-

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 G Developers toolkit (part of the LabVIEW
Professional Developers Suite) includes a utility to determine the
differences between two VIs loaded into the memory. From the LabVIEW
pull-down menu, sele®roject»Compare ViIs...to bring up the Compare
VIs dialog box:

sl Compare Vls Ed
— %Iz to Campare
I.-’-'«pplic:atiu:un Ewercize (B-3).wi Select... |
Select. . |
— Compare
[ W] attributes ¥ Block Diagram
v Front Panel [ Cosmetic changes
™ Position/size changes P7 Bsiondons ohatss
Compare I 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 ViIs. In this window, you can select various
differences and details to view, which can be circled for clarity.
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Objective: To examine some of the built-in LabVIEW features for handling applications.
In this exercise, you will explore some of the features built into LabVIEW
for handling applications.

1.

Open theApplication Exercise(6-3)VI you created in the previous
exercise. Close any other VIs loaded into memory.

From the LabVIEWWindows menu, selecshow History. The history
window for the VI should appear.

PresReset...from the History window to clear the current history. A
dialog box will pop up to confirm the deletion of the history and
resetting of the revision number. At this dialog box, phéss

In the Comment box of the History window, typénitial

Application Created. and then press thdd button. Your

comment should appear in the History listing, along with a date and time
stamp. Close the History window.

From the LabVIEWProject pull-down menu, sele&how VI
Hierarchy. The application’s hierarchy should appear:

=t Hierarchy window I =]

Eile Edit “iew Project ‘wWindows Help

£ @€ EEE

I ﬂj

=

ACAUIRE
DATH

e

Cionfig
#,rate
lim,=f

Top HHALYZE+
Level F FREZEHT
APR

Error Errar
o I e

Lagin Clata
8~

K CANCEL 4 E|

GRAHTED

¥
DEHIED

Werify
Info
WK
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6. Experiment with expanding and collapsing the hierarchy. Notice that as

you click on the small black arrows in the hierarchy, they expand or
collapse branches of the hierarchy. You may see some icons with a red
arrow by them, indicating that they call one or more subViIs. In addition,
you may also see icons with a blue arrow next to them, which occurs
when a subVl is 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 usinglthgout buttons or by
dragging the icons, or include various application components using the
Include buttons. Us&kedo Layoutto redraw the window layout to
minimize line crossing and maximize symmetry.

Double-click on any subVI icon in the hierarchy to bring up the
appropriate subVI. Close the subVI you selected, and close the
hierarchy window.

. Open thé\pplication Exercise(6-2)VI you completed in Exercise 6-2,
switch to the front panel of thpplication Exercise(6-3)VI, and then
selectCompare Vis... from the LabVIEW project menu. The Compare

VIs dialog appears:

Iix! Compare Vs |
— = to Compare
I.-’-‘-.pplin::ati-:nn Ewercize [B-3).vi Select... |
Application Exercize [B-2].vi Select... |
— Compare
[ 4l Attributes ¥ Block Diagram
V¥ Front Panel [T Cosmetic changes
[™ Posiion/size changes R chondeee dhargns
Compare Cancel |

10. Using theSelect...option, make sure that the two Application Exercises

LabVIEW Basics Il Course Manual

are listed in th&/Is to Comparebox, and that the Compare options are
set as in the above illustration.
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11. Pres€ompareto bring up the Differences window and tile the two ViIs.

Make sure that the Circle Differences option in the Differences window
is checked. Then, select a difference from the Differences listbox, select
a detail from the Details listbox, and then pi8ksw Detail The

difference between the two VIs will be highlighted. Examine the various
differences between the two VIs and then close the Differences window.

12. CloseApplication Exercise (6-2).vi

End of Exercise 6-4

© National Instruments Corporation
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C. LabVIEW Tools for Project Management (Optional)

There are several products you can add to the LabVIEW environment to
assist in project development. Two of these products are discussed below
and are included in the LabVIEW Professional Developers Suite.

Professional G Developers Toolkit
This toolkit contains several products to simplify management of larger
applications. The first feature added with this toolkit 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.

In addition to SCC tools, the G Developers Toolkit contains 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
subVls. 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.

A File Managertool 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 File Manager can also easily convert existing LLBs into files in a
subdirectory, to make implementation of SCC tools easier.

Utilities to Compare VIs andCompare VI Hierarchies are also included.
As discussed earlier, they are used to determine the differences between two
VIs or hierarchies.

Finally, aDocumentation Toolis provided, making it easy to print
documentation for the VIs in your hierarchy. With this tool, you can
automate the process of printing VIs in any of the formats offered using the
Print Documentation option in LabVIEW.

The manual for this toolkit not only provides reference material for the
above utilities, but also extensive discussion on management of software
projects. Various development models, prototyping and design techniques,
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and project tracking methods are discussed in detail. Documentation of VIs
and tips for developing clear G code are discussed in detail as well. Between
the useful documentation and the tools added to the LabVIEW environment,
the Professional G Developers Toolkit simplifies the development of larger
projects.

LabVIEW Application Builder

You can use the LabVIEW Application Builder to create stand-alone
executable programs for users without the LabVIEW development software.
The executable program can include a hierarchy of Vis that you have
created, or the program can be configured to open and run any VI available
to the user.

When you purchase the LabVIEW Application Builder or the LabVIEW
Professional Developers Suite, you are licensed to distribute a certain
number of executable programs or run-time systems. Consult the LabVIEW
Application Builder Release Notes for more information about the licensing
agreement.

Required System Configuration

Applications 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 Bweild Application

dialog box, and then create an installer usingteate Distribution Kit
dialog box. In LabVIEW 5.1, you can use eild Application dialog box

to do all of these operations.

When you seled®roject»Build Application, 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. THeuild Application dialog box contains the
following tabbed page§arget, Source FilesVI Settings, App Settings
andinstaller.
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I Build Application
Target | Source Filez I | Settingz I App Settings I Installer I
Application name IAppIicalion.exe

Build:

Destination diectary % |C:\WwINDOWSATEMPhapp

Support file directary % IC: WINDOWEATEMP apptdata

¥ Single application containing all Vls

¥~ Small application with extemal file for subivls

Save | Build | Dare |

LabVIEW Basics Il Course Manual

From theTarget tab, you can specify the name of your application and
the directory in which to create it. Optionally, you can choose to write
subVls to an external file if you want to keep the main application small.

From theSource Filestab, you can define the Vls that make up your
application. When you clickdd 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 thédd Dynamic VI... button. If you want to include
any data files with your application, click tAeld Support File...

button, and the data files automatically copy over to your application
directory.

From theVI Settings tab, specify modifications to make to your Vls as
part of the build. You can choose to disable certain VI Setup settings.
These settings only apply to the build process and do not affect your
original source Vls. 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 panel is needed using the
Settingstab.

From theApp Settingstab, 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.
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* From thelnstaller tab (Windows only), you create an installer. The
installer is written to the directory that contains your application.

When you develop an executable program with LabVIEW on Windows and
ship it to another computer, you must also include the LabVIEW Run-Time
DLL. The computer on which the program runs must install this DLL using

the LabVIEW Run-Time DLL Installer before the program executes. If you

distribute a program usiriguild 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 program developed in LabVIEW. You need to include only the
Run-Time DLL with the first program sent to each computer.
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Exercise 6-5 Application.exe
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, pull down the Project menu in LabVIEW.
If the option Build Application appears in the Project menu, then the
Application Builder is properly installed.

1. Open and examine thgplication Exercise(6-3)VI you created in
Exercise 6-3. Close this VI and any of its subVIs, because the Build
Application utility cannot create an executable if the VIs are loaded

in memory.

menu cluster O perator

Joe
Login
*Simple String Indizator®
Configure Drata Acquizition
Acquire Data
Analyze & Prezent Data
YWiew Analyziz File

“Cluster*

Autozizing zelected

*Labelled Square Buttansz*

Mechanical Action: Latch 'when Released

*Rectangular Stop Button®
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2. SelecBuild Application from theProject menu. You will build an
executable from\pplication Exercise (6-3).vicalled
myApplication.exe and it will be placed into thé:\myapp
directory. Modify the Target tab as shown:

5! Build Application ]

Target | Source Files I Wl Settings I .-’-‘«ppSettingsI Inztaller I

Application name Im}tﬁ.pplication.exe

Destination directory & IE:'\m}'app

E|E

Support file directory % IE:'\myapp'\data

Build:

i* Single application containing all 4ls

7 Small application with extemal file for sublls

Load... | Save | Build | Done |

3. Click on theSource Filestab and select thidd Top Level VI...
button. AddApplication Exercise (6-3).vias shown:

! Build Application 5]
T arget I Source Files | Wl Settings I .-’-‘«ppSettingsI Iristaller I

Uge thiz page to gpecify the gource files for your application;
- Top Level ¥ls are automatically opened when the application is launched
- Dipnamic Wle are subtlz that you dynamically load uging the Wl Server
- Suppaort files can include text or other non-l files that you want ta include with your application

i Application Exer Add Top Level WI... |

Add Diynarnic ... |

Add Suppart File.... |

=l Remove Fil |
Source file path
C:AExercizes\ly_Bas2\Basics2 Ibh\Application Exercize W Top level Cuztam Destinations. .. |
[6-3].vi
Load... Save Build Done
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4. Click on theVI Settings tab. You will configure the VI to run when
opened, be auto-centered on the monitor, and not have scroll bars, a
menu bar, or a toolbar. Highlighpplication Exercise (6-3).viand
select theedit Build Settings... button. Modify the window as shown:

il Edit Build Settings

|Jze thege options to zpecify changes to make to Vs when building an application.  If you are dynamically loading
panels of Vs, be sure ta turn off the Bemove Panel setting. The orginal source files are not changed.

qu|C: WEwercizeshly_Bas2\Basics? Ib\Application Erercize [B-3] vi

— Source zetting Application zetting
| no | no change j Femove panel
| s} e j Fiun when opened
| yes na j Lzer can abart Wl
| yes I no charnge j Uzer can close panel
| no | no change j Fanel iz a dislog box
[ yes | nochange | Panel has tile bar
| yes I na j Panel has a menu bar
| neg I no j Fanel haz a tool bar
| neg I no j Fanel haz goroll barg
| e I yes j Fanel iz autornatically centered
| na I na change j Fanel iz automatically rezized to fit soreen

Change I Cancel |

5. Click on theApp Settingstab. This is where you would enable ActiveX
settings or give your application a custom icon. You will leave the icon
as the default LabVIEW icon. Do not change any of these settings.

LabVIEW Basics Il Course Manual 6-28 © National Instruments Corporation



Lesson 6 Developing Larger Projects in LabVIEW

6. Click on thelnstaller tab. You will build a distribution kit for your
application that will install into th€:\Program Files\
Myapplication directory. Configure the Installer tab as shown:

iis! Build Application ]
Target I Source Files I Y Settings I App Settings I Installer |

[ Create installer

Inztallation name IMyappIicatinn

Start menu program group IMyappIicatinn

Default installation directony & Ic:'\F'rogram Filas\Myapplication
Inztallation language | Englizh j
Media size | 1.4 MB =l

Extra space on first dizk [kB] I 0
Advanced... |

Load... | Save | EBwild | Done |

7. Press th8uild button. The files associated with the installer are then
compressed into setup diskettes, which will be stored in the
C:\myapp\disks  directory. ASetup.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
RunTime directory includes the LabVIEW Run-Time DLL. The
executable for your application is also built and is called
myApplication.exe , as defined on th€arget tab.

8. SelectDonefrom the Build Application window to close that utility. It
asks you to save a script so you can build this application again. Select
Yesand name the scriptyapp.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 usingdad... button.

9. RunmyApplication.exe from theC:\myapp directoryApplication
Exercise (6-3).vishould open its panel and run automatically. Operate
the VI to make sure all the settings you chose are working. Close the
application when you are finished.

10. Run thesetup.exe file in the C:\myapp\disks\Myapplication
directory. You should be guided through a setup process, the executable
will be created inside th@é:\Program Files\Myapplication
directory, and you should be able to run the application from
Programs>>,

End of Exercise 6-5
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Summary, Tips, and Tricks

LabVIEW has several features to assist you and your coworkers in
developing your projects, such as the VI History window to record
comments and modifications to a VI, and the user login, which, when used
with VI History, records who made changes to a VI. You can access a VI's
History window at any time by selectifpow History from theWindows
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 VIs.

LabVIEW features several add-on toolkits to facilitate larger project
development. The Professional G Developers Toolkit contains several
utilities for managing LabVIEW code, and the Application Builder enables
you to create stand-alone executables. Both of these toolkits are included in
the LabVIEW Professional Developers Suite.
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Additional Exercises

6-6

6-7

Modify Application Exercise.viso 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 attribute nodes to modify the buttons.

Add one menu button to the menu cluster contréliplication
Exercise.vi(which you completed in Exercise 6-3) so the user can
show or hide the LabVIEW Help window. The text of the button
should indicate what will happen when the user clicks the button (for
example Show HelpandHide Help. If you notice that the buttons
and indicators on the front panel do not have descriptions in the Help
window, you will need to add them in tBata
Operations»Descriptionpop-up dialog box for each control or
indicator.

Make sure the VI properly tracks the state of the Help window. For
example, if the user clicks the Show Help button to show the Help
window, but closes the Help window from tBeow Helpoption in
theHelp menu, your program will incorrectly assume that the Help
window is showing. Save this VI @gpplication Exercise(6-7).vi

Note Use attribute nodes 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
Help window’s visibility, and use the Control Help Window function to show
and hide the Help window.

© National Instruments Corporation
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Notes
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Lesson 7
Performance Issues

]

Introduction

This lesson discusses how to maximize the performance of your Vs,
including how to improve run-time speed and memory use.

You Will Learn:

About LabVIEW multithreading and multitasking.

How to use the VI Profile window.

About methods for speeding up your VIs.

How system memory issues affect LabVIEW performance.

How to optimize memory use (and related performance) for
individual Vls.

moowpy
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A. LabVIEW Multithreading and Multitasking Overview

Benefits

In LabVIEW 4 and earlier, you could execute several VIs simultaneously
and the VIs still responded to user input from the mouse 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 quite 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 could 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.

LabVIEW 5, however, uses multithreading. With multithreading, different
portions of a program can run under different threads (processes) in a
computer system. This architecture means that the operating system can
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, you must use LabVIEW 5.0 on an
operating system that supports it: Windows 95/98, Windows NT, Solaris 2,
and Concurrent PowerMAX. On operating systems that do not support
multithreading, LabVIEW continues to operate with cooperative
multitasking.

One important benefit of multithreaded LabVIEW is the separation of the
user interface from 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 on 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.

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
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application. However, when working with multiple Vls, there are different
classifications of threads, called execution systems, available to organize
your application. There are six execution systems available to run Vis:

* User Interface

» Standard

e Instrument I/O

» Data Acquisition
e Otherl

e Other2

The purpose of having a few different execution systems is to provide some
rough partitions for VIs that need to run independently from other Vls. 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 Vls that you write will run correctly if you leave them set to the
Standard execution system, you may want to move appropriate VIs to
different execution systems. If you are developing instrument drivers, for
example, 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, pop up on the icon pane
in the VI's front panel or block diagram, sel&@tSetup, then select
Execution Optionsfrom the drop-down menu. The following dialog box

appears:
i=! VI Setup
| Execution Optiohs _vl
[~ Show Frant Panel When Loaded [~ Print Panel When Yl Completes Execution
[~ Show Front Fanel When Called [ Print Header [name, date, page #]
F7 e Alteass 4 frnered [+ Scale to Fit When Printing
[~ RunWhen Opened [+ Suround Panel with Border ' hen Frinting
[~ Suszpend When Called ™ Page Margins
[~ Reentrant Execution f=
B

Priority Preferred Execution System

normal priority _vI I zame az caller _vI

Carcel_|
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ThePreferred Execution Systenlist box lists the available categories of
execution systems. You can also prioritize parallel tasks in a multithreaded
environment by setting tHeriority 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 0
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. VIs with a subroutine

priority level, however, will behave differently than VIs with other priority
levels. When a VI runs at subroutine priority, it executes in the thread
category of its caller, and no other VI can execute 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
execute a simple computation with no interactive elements. You can skip the
execution of a subroutine priority subVI when it is busy by popping up on
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.

You must exercise caution when setting the priority levels for VlIs. 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 can also be a very effective way of optimizing
your LabVIEW code. For more information on how to use Wait functions,
refer to the Understanding How LabVIEW Executes VIs topic in the
LabVIEW online help, and the Using Wait Functions to Prioritize Tasks
section in Chapter 2&Jnderstanding the G Execution SysteitheG
Programming Reference Manual
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B. The VI Profile Window

The VI 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 VI.

The Profile window displays the performance information for all ViIs 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
can also monitor subVI performance within different VIs. To show the
Profile window, selecBhow Profile Window from theProject menu. The
window will appear similar to the window shown below.

i Profile |_ (O] x|
Stop | Snapshat I Gave | V' Timing Statistics | Time in miliseconds ||
[+ Tirning Details
{7 ool Menny B R N:.,.g
Yl Time Sub Wz Time | Total Time # Runz Average Shartest
Analyze and Prezent Data.vi 12708.0 111.0 128200 1 12708.0 12708.0
Configure Acquisition, vi 10570.0 0n 10570.0 1 10570.0 10570.0
Login.vi E208.0 30.0 E238.0 1 E208.0 E208.0
Acquire D ata. vi 1018.0 34.0 11120 1 1018.0 1018.0
Application E xercize [B-3].vi £B0.0 305968.0 J1648.0 1 £B0.0 £B0.0
View Analyzis File vi 2280 0n 2280 1 2280 2280
Save Data ta File.vi 111.0 0n 111.0 1 111.0 111.0{
Access Yenfication vi 00 1] 00 1 00 00
Beep.vi 320 0n 320 17 5.4 30
Process Monitor i 20 1] 20 25 01 1]

Note

© National Instruments Corporation

Notice that you must choose tReofile Memory Usageoptionbefore
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 giabagpshotof

the available data and save the data to an ASCII spreadsheet file. The timing
measurements accumulate each time you run a VI.

All statistics measured in a profiling session are collected for a complete run

of a VI, not a partial run of a VI.
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Execution Time Statistics

To collect execution time statistics with the Profile window, you simply
click on theStart 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, and also the time spent by the user interacting
with the front panel. This time consists of five subcategories, which you can
show by selecting th€&iming Details option. The subcategories are

Diagram, Display, Draw, Tracking, and Locals. ConsuliQmnine

Referenceor theLabVIEW User Manudbor more information about these
statistics.

The SubVIs statistic shows the total execution time for all the subViIs called
by the main VI. In addition, timing information can be displayed in seconds,
milliseconds, or microseconds.

The Total Time statistic shows the sum of the VI and SubVIs values, which
represents the total execution time for the main VI.

If you select th&iming 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 execute. Shortest and
Longest show the least and greatest amount of time required for a run of
the VI.

Memory Statistics

To collect memory statistics with the Profile window, you must select the
Profile Memory Usageoption before starting the profiling session. You can
also select th#lemory Usageoption 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 just VI execution.

The Average Bytes statistic 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.
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C. Speeding Up Your Vis

LabVIEW compiles your VIs and produces code that generally executes
very quickly. But when working on time-critical applications, you need to
use programming techniques to obtain the best possible execution speed.
There are three areas to consider when speeding up your VIs:

* 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 (1/0) 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 1/0O 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, you should use a
multi-point data transfer function such as #iéAcquire Waveform VI,
instead of using a single-point data transfer function such &¢ emple
Channel VI. To acquire 100 points, you could use &l&sample Channel

VI in a loop with a wait function to establish the timing. But the faster
method is to use th&l Acquire Waveform VI with an input specifying

that you want 100 points.

device

N [ Acouire W aveForm. v

|41 5 ample Channel il o) channel - data]
Al

channel | — || AR st
_ o L] | points|1 00
0

Single-Point Data Transfer Multiple-Point Data Transfer
(Slower Method) (Faster Method)
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Screen Display

In the previous example, overhead for MléAcquire Waveform VI is
roughly the same as the overhead for a single call tAltBample
Channel VI, even though it is transferring much more data. In addition, the
data collected by th&l Acquire Waveform VI uses hardware timers to
control the sampling. Callingl Sample Channelin 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 very 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.

Your design of subVIs can also reduce display overhead. If subVIs have
front panels that remain closed during execution, none of the controls on the
panel can affect the overall VI execution speed.

As shown below, you can reduce display overhead by minimizing the
number of times your program updates the display. Drawing data on the
screen is an 1/O operation, just as 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 1/0O overhead required to update the
indicator.

# points [# times to get 100 paints]

1000HN MHNIFETHNT o samgs
4] 5 ample Channel. v Channel i :ﬁ;‘ffﬂfm
channel anb BT Kl channel anb BT T

. B Wavef!jrm chart b [ [ |
Lt Iﬁl B Lt o = -

Single-Update Charting Multiple-Update Charting
(Slower Method) (Faster Method)
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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 subVl in a loop, the overhead could significantly affect your execution
speed. In this case, you may consider embedding the loop in the subVI.

Another way to minimize subVI overhead is to turn your subVIs into
subroutines (using the VI Setup priority option). 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
diagrams. The result of the division is the same every time through the loop;
therefore, 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)

[
B
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Also, avoid accessing local and global variables unnecessarily in loops. For
example, the first diagram shown below wastes time by reading from the
global and writing to the global during each iteration of the loop. If you
know that the global variable is not read from or written to by another
diagram during the loop, consider using shift registers to store the data as
shown in the second 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 subViI
to the next iteration of the loop. Beginning LabVIEW users commonly omit
these shift registers. But without using a shift register, the results from the
subVI are never passed back to the subVI as the new input value, as shown
below.

In the diagram above, 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 shown below.

(R -

...................... ’
FRET
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Parallel Diagrams

When you have several loops running in parallel on a diagram, LabVIEW
switches between the loops periodically. If some of these loops are less
important than others, you should use\ti&t (ms) function to ensure that

the less important loops use less time. For example, consider the following
diagram.

Dption 1 Search
e 10 Agray
Dption [ oozl 4 [Mathing
. tensy % [Pressed

[ 5 ample Channel. v
Al

OME FT) - waveform chart
"\.\r_ﬂ i :

m .....

The two loops run in parallel. One of the loops is acquiring data and must
execute as frequently as possible. The other loop is monitoring 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 below, you can callMag (ms)

function in the user interface loop to give significantly more execution time

to the other loop.

Option 1 Search
10 Array

(oo . [Mathing
: 2 |Pressed

&) 5 ample Channel, v
Al

OME T waveform chart
"""-{1 i ]
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Exercise 7-1 Charting Benchmark Example.vi
Objective: To observe the relative speeds of single-point and multiple-point charting using the

Vi

Profile window and the effects of multithreading on systems that support this

feature.

Front Panels

When you open th€harting Benchmark Example VI, two other subVI
panels will also open. These two subVIs plot the same data under different
conditions.

W aveformn Chart
1.0+

*'|| l

HL'

iis! Update Chart 1 Point at a Time Ed |i& Update Chart 50 Points at a Time x|

I i W""HI |I‘||'||"MI }|||"”

Thiz V| zends the same data to bwo zub¥ls. Each dizplays the data uzing a different technigue.
[Jze the Profile Window to meazure the display perfformance of each subi.

Run Subtls | [t |

-

i aveform Chart

J"'a"||| |

‘| ‘\U ||||'|||' ||||||||||

' 28'99 2939

1. If you are running LabVIEW on an operating system that supports
multithreading (Windows 98/95/NT, Solaris2, or Concurrent
PowerMAX), follow steps a though c¢ below. If you are on a system that
does not support multithreading, skip to step 2.

a. You will first configure LabVIEW so that it does not use
multithreading when it runs VIs. From the LabVIE¥dit menu,
selectPreferences... The Preferences dialog box appears.

b. Change the top pull-down menu of the Preferences dialog box to
Performance and Disk In the Performance and Disk section,
uncheck th&kun with multiple threads dialog box. ClickOK.

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. Close all other VIs you may have open.

. Open theCharting Benchmark Example VI in Basics2.lb . The
Vlis already built for you. When you open it, two other Vs will also
open.

TheCharting Benchmark Example VI generates an array of 1,000
random numbers. When you click the Run SubVIs button, two subVls
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are executed. Thdpdate Chart 1 Point at a TimesubVI updates a
chart 1,000 times. The second sublMpdate Chart 50 Points at a
Time, updates a chart 20 times, displaying 50 points each time.

4. SelectShow Profile Window from theProject menu. Move the
window so that it does not overlap any of the VI front panels.

5. Click on the Start button in the Profile window. You will see the VI
Time, SubVIs Time, and Total Time statistics in the table.

6. Run theCharting Benchmark Example VI. The VI does nothing
until you press the Run SubVIs button. Run the subVIs at least three
or four times. Then press the Quit button to stopQharting
Benchmark ExampleVI.

7. After running the subVIs several times, click on the Snapshot button
in the Profile window. Locat€harting Benchmark Example.viin
the Profile window and double-click on 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.

8. Select th&iming Statistics option to view the average execution
time for the subVIs. Then, select thening Details option and
examine the Display and Draw statistics. Notice that the Display
statistic is largest for thdpdate Chart 1 Point at a TimesubVI, and
is very low for theUpdate Chart 50 Points at a TimeVI.

For more detailed information about these statistics, consulirthiee
Referenceor theLabVIEW User Manual.

9. Click on the Stop button in the Profile window to stop the profiling
session. Then close the Profile window.

10. Close all open Vis and do not save any changes.

11. If you are running LabVIEW on a multithreading operating system,
check theRun with multiple threads option in the LabVIEW
preferences and restart LabVIEW. Repeat steps 3 through 10, noting
how much faster the VIs execute when the display is running under
its own execution subsystem. You may want to change the Profile
window to displayTime in millisecondsto make it easier to read.

End of Exercise 7-1
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Exercise 7-2 Dialog & SubVI Demao.vi

Objective: To observe how dataflow structure can affect execution speed.

You will load and run a VI that plots a waveform pattern. You should
especially note how the dataflow affects the execution of this program.

Front Panel

[5a 82

Averages/Sec

Chart| Temp Awvg. [34.24 |
100.0-

80.0-
E0.0-
40.0-
20.0-

0.0-

Show Dialog | Fop-LUp 'l Stop

1. If you are running LabVIEW on an operating system that supports
multithreading (Windows 98/95/NT, Solaris2, or Concurrent
PowerMAX), follow steps a though ¢ below. If you are on a system that
does not support multithreading, skip to step 2.

a. You will first configure LabVIEW so that it does not use
multithreading when it runs VIs. From the LabVIE¥dit menu,
selectPreferences... The Preferences dialog box appears.

b. Change the top pull-down menu of the Preferences dialog box to
Performance and Disk In the Performance and Disk section,
uncheck th&kun with multiple threads dialog box. ClickOK.

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 thédialog & SubVI Demo VI in Basics2.llb . The VI is
already built for you. The front panel contains a strip chart and several
option buttons.
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Build &rraw| [5earch 10 .-’-'-.rray| i
) :Il }MM [ooz0]

# 1]
.ji:ﬁi=x

One Button| & & [Pop-up 2nd Process. v
Dialog : o |E== .
2 & |eor-or | SubW] Set Up Options:
“Show when called
*Cloze aftenwards

3. Open the block diagram and examine it. Two While Loops will run in
parallel.

4. Run the VI. The chart shows the number of averages per second and
an average temperature pattern. It updates point by point. Notice the
plot speed and the averages/second being calculated.

Notice that the Averages/Sec value periodically 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 is executing and checking the values of the buttons on the panel.
Performance increases when the Plot Loop is running.

5. Press th&how Dialogbutton. Notice the effect on the plot speed and
the Averages/Sec value. Recall that a loop cannot begin its next iteration
until the entire 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 press the Show Dialog button, Case 0 is executed. The
case does not complete until you press the OK button in the dialog box.
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10.

Thus, while the dialog box is displayed, the Plot Loop does not need to
share the processor with the Menu Loop.

Click on thePop-Up VI button. ThePop-up 2nd ProcesdI will open

its panel and run. Notice the effect on the first VI's Averages/Sec value.
As in the situation when you pressed the Show Dialog button, the Menu
Loop is no longer executing until ti®p-up 2nd Proces¥| ends.
However, LabVIEW runs the second VI at the same time as the original
VI. The dips in performance appear when the second VI is running.
Therefore, LabVIEW executes multiple VIs in the same way it executes
parallel loops—each process gets an equal time-slice.

Click on theStop button.

Modify the Menu Loop so it includesvdait (ms) function. Wire a
constant value @00 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,
check the Run with Multiple Threads option in the LabVIEW
preferences. Exit and restart LabVIEW. Repeat steps 2-9 and notice how
multithreading affects the execution speed ofdi@og & SubVi

Demo V1.

End of Exercise 7-2
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Exercise 7-3 Computation & Global Benchmark.vi

Objective: To observe the effects of unnecessary computation and global variable activity on Vi
execution speed.

You will use the VI Profile window to compare the performance of Vis that
perform the same tasks using different programming techniques.

Front Panel

Statuz; ([dle...

# loop iterations: (75000

Fun Subtl= | Stop

Close all other VIs you may have open.

2. Open theComputation & Global Benchmark VI in Basics2.llb
The VI is already built for you.

3. SelectShow Profile Window from theProject menu. Click on the
Start button in the Profile window. Do not gather any memory
statistics.

4. Run theComputation & Global Benchmark VI. Click on the Run

SubViIs button to run the four subVIis. Run the subVis at least three
or four times. The block diagrams for these four VIs appear below.
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N 132
15.959874 S o 1599574 .
1774564 [ (x> 1774584 [
4999393
49905333

Unnecessary Loop Computations.vi Unnecessary Computation Removed.vi

# loop iterations # loop iterations

Update Globals Inside Loop.vi Globals Outside of Loop.vi

5. After running the subVIs several times, stop the VI and click on the
Snapshot button in the Profile window. Locate @mmputation and
Global Benchmark.vi in the Profile window and double-click on it to
display its subVIs if they are not already displayed.

Notice the amount of time spent in each subVI. Specifically, compare
the amount of time spent executidgdate Globals Inside Loop.vi
versusGlobals Outside of Loop.viand the time spent executing
Unnecessary Loop Computations.wersusJnnecessary
Computations Removed.vi Is this the behavior you expected?

6. Click on 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 7-3
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D. System Memory Issues

LabVIEW transparently handles many of the details that you normally deal
with in a conventional, text-based language. One of the main challenges of
programming with a conventional language is memory use. In a
conventional 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 conventional 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 diagram with
graphical connections representing the transition of data.

Functions that generate data allocate storage for that data. When data is no
longer needed, LabVIEW deallocates the associated memory. When you
add new information to an array or a string, LabVIEW allocates the
necessary memaory.

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 programs 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-UXLabVIEW 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 @&t Info option from thd=ile 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

When using Windows or the 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 usingMieenory device
in the Control Panel folder. Windows 98/95/NT, 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 may occasionally notice
more sluggish performance because data is 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 (diagram compiled to machine code)

» Data (control and indicator values, default data, 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 subViI,
LabVIEW loads the diagram into memory as well.

LabVIEW also loads the code and data space of subVIs into memory. Under
certain circumstances, LabVIEW loads the front panel of some subViIs into
memory as well. For example, if the subVI uses attribute nodes, LabVIEW
must load the front panel because attribute nodes manipulate the
characteristics of front panel controls.
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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

As shown above, you can save memory by converting some of your VI
components into subViIs. If you create a single, large VI with no subVIs, you
end up with everything (the front panel, code, and data) for that top-level VI
in memory. If the VI is broken into subVIls, 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 may actually see lower run-time memory use.
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E. Optimizing VI Memory Use

This section discusses 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 illustration, you can use 8tw®w VI Info option

from theWindows menu to get a breakdown of the memory use for a
specific VI. The left column summarizes disk use and the right column
summarizes how much RAM is being used for the various components of
the VI. Notice that the information does not include memory use of subVIs.

Memory Usage:
Resources:  24.0K Front Panel: 3.7k
Black Diagram: 9.5k
Code: 7.2K
Data: 260K
Total: ~45.5k

You can also use the VI Profile window to monitor the memory used by all
VIs in memory.

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 memory information being reported.
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General Rules for Better Memory Use
The following rules should help you create VIs that use memory efficiently.

LabVIEW Data Types

Breaking a VI into subVIs will usually improve your 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 panels, display large arrays and strings only when necessary.
Indicators on open panels retain a copy of the data that they display.

If the panel of a subVI will not be displayed, do not leave unused
attribute nodes on the subVI. Attribute nodes cause the 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 panel for the subVI needs to be loaded for range checking, and
extra copies of data are made for the subVI controls and indicators.

In designing 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 usingihiéd Array or
Concatenate Stringdunctions, 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. Whenever 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). Th&imple Data vs. Complicated Data Structures
section later in this lesson contains more information about designing
efficient data types.

Understanding how LabVIEW stores data in memory will help you create
more efficient 1/O applications. Each wire and terminal in the LabVIEW
block diagram has a data type associated with it. You are already familiar
with the basic data types, such as integers, floating-point numbers, and
strings. You have also used arrays of these data types. This lesson will
further discuss LabVIEW data structures and some ways to manipulate
the data.

© National Instruments Corporation
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Numeric Data Types

While working with numeric data in LabVIEW, you have probably noticed

that you can change thepresentatiorof numeric constants, controls, and

indicators. The representation indicates how LabVIEW stores the object’s
data in memory. Different numeric representations use a different number of

bytes of memory to store data. They also assign daigred(with both
negative and positive values)wrsignedwith only zero or positive values).

The following table lists the numeric data types available in LabVIEW,
along with their abbreviation and a sample digital control.

LabVIEW Basics Il Course Manual

Data Type Abbreviation | Control
Signed 8-bit integer (Byte) 18 ]
Signed 16-bit integer (Word) 116
Signed 32-bit integer (Long) 132
Unsigned 8-bit integer us
Unsigned 16-bit integer Ul16
Unsigned 32-bit integer u32
Single-precision floating-point SGL TS6L]
number (32-bit)
Double-precision floating-point DBL
number (64-bit) -
Extended-precision floating-poin EXT TERT]
number (Windows: 80-bit;
Macintosh: 96-bit;

Sun, HP-UX: 128-bit)

Complex single-precision CSG
floating-point number (64-bit) :
Complex double-precision CDB Fora
floating-point number (128-bit)

7-24
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Data Type Abbreviation | Control

Complex extended-precision CXT Wil
floating-point number

(Windows: 160-bit;
Macintosh: 192-bit;
Sun, HP-UX: 256-bit)

Arrays of Numeric Data
When you create an array of numeric data in LabVIEW, the data is stored in
acontiguousblock of memory. This means that the elements in the array are
stored in adjacent memory locations. In addition to storing the data for a
one-dimensional array, LabVIEW stores the number of elements in the array
in a Long integer. Therefore, the largest array you can create would contain
231 - 1 elements. The following table shows how LabVIEW stores a
one-dimensional array of 16-bit integers in memory.

N € e g g en-1
no. element elementO | elementl | elementi element j element N-1
4 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes

When you create arrays containing more than one dimension, LabVIEW
stores the number of elements in each dimension in an array of Long
integers, followed by the data. Each dimension in the array can contain up
to 221 - 1 elements.

The following illustrations show how LabVIEW stores a two-dimensional
array of 16-bit integers, with three rows and two columns.

Original Data
5 3
76 33
12 18

How LabVIEW Stores the Two-Dimensional Array in Memory

3 2 5 3 76 33 12 18

No. rows | No. columns ro, cO ro, cl rl, cO rl, cl r2, cO r2,cl

4 bytes 4 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes
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LabVIEW Strings

Arrays of Strings

LabVIEW Basics Il Course Manual

LabVIEW stores a string in memory the same way it stores an array of
unsigned byte integers. The length of the string—as a four-byte, signed
integer—precedes the first character in the string. Thus, the longest string
you can create would contaift'2 1 characters, or 2 GB of information. The
following table shows how LabVIEW stores a string in memory.

N abc...

No. of characters (4 bytes) string datal

You can use a LabVIEW string to store virtuallyykind of data. The string

data type can store normal text as well as binary data. Therefore, strings are
very useful in serial, GPIB, VXI, TCP (Transmission Control Protocol), and
file 1/0O applications. For example, you use the string data type whenever
you use LabVIEW to read information from a GPIB, serial, or VXI
instrument, or to send or receive data over a network using TCP. These
methods of data transfer frequently send binary information, such as the
data points in a sampled waveform.

Because a LabVIEW string can contain either textual or binary information,
string controls and indicators have several different viewing modes. Two of
these modes are useful for viewing binary information. The Hex Display
mode displays the binary data directly as bytes of information. The ‘' Codes
Display mode shows text characters normally, but displays spaces, tabs, and
carriage returns as , \t , and\r , respectively. This display mode is useful
when you want to verify string formatting, because it is difficult to identify
“white space” characters in a normal text display. Non-viewable characters
are shown as a backslash character followed by two digits in hexadecimal
notation.

An array of strings is a more complex data type than an array of numbers,
because each element in an array of strings can contain a different number
of characters. (In contrast, each element in an array of numeric data uses the
same number of bytes of memory to store its data.) Therefore, LabVIEW
stores arrays of strings differently—tiee form. That is, the data is stored

in separate, discontiguous locations. When you work with an array of strings
in LabVIEW, an array stores the locations of the strings in memory. To
access an element in an array of strings, LabVIEW finds the element in this
array of memory locations to find the string and then accesses the string. The
following illustration shows how LabVIEW stores an array of strings in
memory.
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string 0
length0 | data
Array of Strings
# elements (N)
location of element O . 4 —
location of element 1 string i
4 bytes each —» ;
y location of element i »| lengthi data
\ location of element N-2
location of element N-1 A
string N-1
length N-1 | data

Assembling and Processing Arrays
When designing your 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
cannot predetermine the space requirements you will need. LabVIEW may
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 whenever possible,
rather than using While Loops or concatenating arrays witBuhe Array
function.

array of
numbers

...............

array of
For Loop numbers
vs. [oEL] ;
While Loop
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Inplaceness
Whenever possible, LabVIEW’s compiler reuses a function’s input buffers
to store its output. This buffer sharing is call@olacenessin the example
below, theMultiply function output uses the same buffer as the top input.
The array at the right is said to be inplace to array A.

Memory Usage:
Resources: 19.9K Front Panel: 1.8k
: of A Block Diagram: B.1K
Code: 58K
Data: 24.8K
Total: ~38.5E

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 elemehRtmsctions capable of inplaceness
includeTrigonometric andLogarithmic functions, mosNumeric

functions, and a some string and array functions suth bpper Caseand
Replace Array Element A function that shifts or swaps elements of an
array, such aReplace Array Element can reuse buffers. In the following
illustration, A, B, C, and D identify individual buffefBuild Array and
Concatenate Stringsare special functions. They operate inplace whenever
they can, but sometimes they must allocate new buffers.

[T Double Precision Float]

/ Replace Aray Element
Kol IDBL)
e Biild furra 5 preadsheet Sking To Airay]
b uiltipl e i
In;:rement =
i Concatenate =
Sine Stings 4 ray Subset
..... ﬁ EI =

~="-:5TH|
kunctinna that Feuse Buffers

Functions that Allocate Mew BUW
Coercion and Consistent Data Types

Consider thd&kandom 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.
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(Recall that each DBL value requires 8 bytes of memory, while each SGL
value requires 4 bytes of memory.)

Method 1 (Incorrect)

Memory Usage:
Resources:  19.7K Frant Panel: 1.8k
Block Diagram: 5.6k
Code: E.0F
Data: 24.8K
Total: ~38.2K

Method 1 might be your first attempt to save data space memory. You may
think changing the representation of the array on the front panel (FP) to SGL
might 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.

Method 2 (Incorrect)

Memory Uzage:
Resources: 214K Front Panel 1.8K
Block Diagram: B.7E.
Code: E.4K
Data: 28.8k
Total: ~43.8K

! of C

Method 2 is an attempt to remove the coercion dot by converting each array
to SGL using theTo Single Precision Floatffunction (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)
~Memory Uzage:
Resources  20.7K Front Panel: 1.8k
of A Block Diagram: 6.6
Code: BE
Data: 128K
Tatal: ~27.3k

Method 3 reduces the size of the data space considerably, from 24.8 KB to
12.8 KB. This method converts tRandom Number (0-1)function output

to SGLbeforethe array is created; therefore, this method creates two SGL
arrays at the border of a For Loop rather than two DBL arrays.

Simple vs. Complicated Data Structures

Simpledata types, which include strings, numbers, Booleans, clusters of
numbers or Booleans, and arrays of numbers or Booleans, are easily
referenced in memory. Other data, referred to as nestsainplicatediata,

is more difficult to reference. Examples of nested data include arrays of
strings, clusters containing arrays of clusters, and arrays of clusters
containing arrays.

w w array of cluster cluster containing
X i
!IW @ containing arays arrays of clusters
cluzter of Booleans E Lty array 1
]
Eglﬁ £| numl|  string
e aray 2
| E OFF array 2
array of nurnbers 0
E LED| rwmi
#0200 50 4 |
@ 530
Simple Data
Complicated Data
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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.
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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
below.

Tests
]
£| Description Test Data
Test 1 =l |5|3_|:|4
May 5, 1995 kd
12:23:31 P

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 Resuls
= [=as]

position ko update

hest bo 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 below. 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 example shown below, the front panel contains new controls
to store the data and the diagram performs the same change to the test data
as shown above.

Description:s

ﬂﬂ Test 1

Map b, 1395
12:23:31 P

kezt ko update
152

pozition o update
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Exercise 7-4 Assembling Arrays.vi
Objective: To observe the speed of building arrays using several different methods.

You will load and run a VI that creates an array of numbers using several
methods. Using the Profile window, you will compare the performance of
VIs using For Loops, While Loops, Auto-Indexing, and Bugld Array
function to create arrays. You will also compare these methods with a
technique that uses tiReplace Array Elementfunction on an existing
array.

Front Panel

b ethod

Idle...

Murmber of Array Elements 100000

Test | Stop |

Close all other Vls that you may have open.
Open theAssembling Arrays VI in Basics2.llb

SelectShow Profile Window from theProject menu. Click on the
Start button in the Profile window to begin a profiling session. Do
not gather any memory statistics.

4. Run theAssembling Arrays VI. To test the different array-building
methods, press theest button. The Method indicator shows which
method is being tested. The VI tests six different methods.

5. After running the test several times, click on $mapshotbutton in
the Profile window. Double-click on th&ssembling Arrays.vito
show its list of subVIs if they are not already showing.

A brief discussion of the six different array-building techniques tested
by this VI appears on the following page.

If you use a For Loop to assemble an array, LabVIEW can allocate the
necessary space prior to the first iteration of the loop. For example, the array
uses = N ¢ 4 bytes of memory. (The iteration terminal generates a Long
integer (132) = 4 bytes.)

LabVIEW Basics Il Course Manual 7-32 © National Instruments Corporation



Lesson 7 Performance Issues

Mumber of Aray For Loop,
Elements & kD Indexing

N

WWrray O ata
[132]

Because the initial array size is unknown, auto-indexing in a While Loop is
not quite as efficient as auto-indexing in a For Loop. With auto-indexing

enabled in a While Loop, LabVIEW resizes the buffer containing the array
in large increments as necessary.

hile Loaop,
fubo [ndexing

Murnber of
ray Elements

132

irray D ata
[132]

Avoid using theBuild Array function inside a loop. Every time a new value
is appended to the array, LabVIEW must reallocate the buffer, which may
also require relocating the entire array in memory.

Murnber of hile Loop,
drray Elementz|  [Build Arap

Murmber of Far Loop,
Array Elements B uild Array
N :
Initialize Arra Biuild @ R
4 [ al (132 rray [ ata
Bt el o

Although thelnitialize Array function is not necessarily faster than the For
Loop, it is very flexible and can be helpful when manipulating arrays.

Elerment ——
Initialize Arra

‘b [132]
- Biray Data

Murnber of
fray Elements
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If you cannot predetermine the number of elements a loop will generate, but
you can place an upper limit on the value, generate an array containing the
maximum number of elements the array will need. Then, use a While Loop

and theReplace Array Elementfunction to place values into the array as

they are generated.
Initialize Armray, Whils Loop
o Feplace Elements

Replace Aray
Elerment

u.t

irray D ata

[132]

Murnber of
ray Elements

132

6. Stop and close the Profile window. After you have finished testing the
VI, close it. Do not save changes.

End of Exercise 7-4
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Exercise 7-5 Performance Challenge.vi/
Maximized Performance.vi

Objective: To improve the performance of a VI.

A VI was created to perform the following tasks:

1.

Generate four runs of data. Each run should consist of an array of 5000
data points and a string containing a time stamp of when the data was
taken. Each element needs only digits of precision.

Save 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.

Find 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.

The VI that was created for this task is poorly written, executing very slowly
and taking much more memory than necessary. In this exercise, you will
optimize this VI to increase its execution speed while decreasing its memory
requirements.

1.
2.

© National Instruments Corporation

Close all VIs you may have open.

Open thé’erformance ChallengeVl in Basics2.llb . Show the

Profile window by selectingroject»Show Profile Window Before
running Performance Challenge, selBohing Statistics andTiming
Detailsin the Profile window so that you can gain a better understanding
of the VI execution time.

Run the VI. After it finishes, click on tf&napshotbutton 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.

From the LabVIEWWindows menu, selecBhow VI Info.... Notice
the considerable amount of memory taken by the data in this VI.

Modify the VI to improve the execution 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 execution
speed, especially when they are accessed in loops.

» Create arrays in an efficient manner.

* Minimize the amount of file 1/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.
e Use simple data structures.

Hint: You need to make sure only to meet the requirements of the
application described above. How you choose to implement this application
is up to you.

6. Save the modified VI.

7. Run the VI, noting the speed improvements in the Profile window and
the memory use improvementsShow VI Info.... You may 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
will prevent the LabVIEW Undo feature from allocating memory
unnecessarily.

8. Once you are satisfied with the VI, save iMaximized
Performance.vi

End of Exercise 7-5
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Summary, Tips, and Tricks

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 execution time and memory use. You
can then concentrate on improving those troublesome areas to enhance the
overall performance of your VI.

To speed up your Vls:

* 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
atime.

* Force less important parallel tasks to wait (using/tagt (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 with the following optiodéndows»

Show VI Info and the Profile 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 will
suffer when it is accessed.

Breaking large top-level Vis into several smaller subVIs will reduce the
amount of memory consumed in your application and can improve
performance.

To improve the overall performance of your ViIs:

» Avoid overusing local and global variables.

* Avoid displaying and manipulating large arrays and strings.
» Use functions that reuse data buffers.

» Use consistent data types (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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Lesson 8
Additional Topics

]

Introduction

This lesson introduces some additional features of LabVIEW and some
useful programming techniques.

You Will Learn:

How your programs manipulate LabVIEW data types.

How to enhance a LabVIEW front panel with graphics and animation.
How to generate run-time menus in LabVIEW.

About the intensity chart and graph.

About occurrences.

About reentrant VIs.

How to use the CVI Function Panel Converter.

How to use HiQ through LabVIEW.

IOMTmMOO®>
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A. Data Manipulation Techniques

How Your Programs Interpret Data Types
Because a computer stores all information in bytes of memory, your
program must know how to interpret the bytes of data you want to
manipulate. You assigiata typego your data to distinguish how your
program interprets a specific byte, or grouping of bytes, of data.

For example, recall that each ASCII text character in a string uses one byte
of memory. If you use the ASCII character codes table in the Online
Reference, Appendix A of this manual, or Appendix B offbaction
Reference Manuayou will find that the character “2” in a text string has a
decimal value of 50 in memory. The following illustration shows how your
program uses the data type to store the character “2” in a string in memory,
assuming you enter and view the data using string controls and indicators in
the Normal Display mode.

character data type

data in memory

2 p| string p| ASCI 00110010=50
Table

1 byte

The computer simply stores information in a byte of memory; it does not
care what the information mea®ur prograninterprets this specific byte

of data as a character in a string. When your program accesses this data, it
recognizes the string data type and outputs the character corresponding to
the ASCII value. As shown below, your program recognizes the ASCII
value of 50 and outputs the character “2”.

data type character
data in memory
00110010=50 > string > ASCII > 2
Table
1 byte
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Now, consider having your program interpret the same byte of data as an
Unsigned Byte. As shown below, your program recognizes the Unsigned
Byte data type and treats the value 50 as if it were a number and nothing
more.

data type number
data in memory
00110010=50 p| Unsigned 50
Byte
1 byte

So, the same byte of information can mean different things, depending on
how your program interprets the information. The next section discusses
how to convert your data between data types to change how your program
interprets data.

Type Casting, Flattening, and Unflattening Data
To wire functions in LabVIEW, you must make sure that you use the correct
data types. Sometimes, this involves converting from one data type to
another. For example, if you try to wire a string constant containing the
character “2” to thé\dd function, you will get a broken wire because the
Add function accepts only numeric data types as inputs. To convert the
string “2” into a number, you must use a string conversion function.

In LabVIEW, there are several ways to convert data from one type to
another. For example, you can useRbemat Into String and other string
functions to format data into an ASCII string. These conversions involve
taking input data from one type (such as a number) and creating new data of
a different data type (such as a string).

You will learn two methods for creating binary strings from your data. The
Type Castfunction changes the data type of a wire, or how your program
interprets a given piece of data. However, this function does not work with
all data types. ThElatten To String function creates a binary string given
anykind of data. Its counterpaldnflatten From String, converts the input
string back into the original data.

Flat and Non-Flat Data
Flat data has a fixed size in memory. Examples of flat data are scalar
numbers, Booleans, and clusters of scalars or Booleans. Arrays and strings
are not flat. More information about LabVIEW data types is available in the
Online Reference, theabVIEW User Manualand theCode Interface
Reference Manual
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Type Casting

LabVIEW Basics Il Course Manual

TheType Castfunction Advanced»Data Manipulation palette) simply
changes the data type of the input data. Recall that the data type tells your
LabVIEW program how to interpret the data. If you leavetype input

unwired, the output of th€ype Castfunction is a string that contains

exactly the same bytes of dat®sent to its input. This function doest

convert the data; it changes how LabVIEWerpretsthis group of bytes of

data by changing its data type. For example, the may be an array of

8-bit integers. The output terminal views the data as a string instead of as an
array of integers.

bpppe e :
[P EG:) ................ x[t_','l:IE x] b

Type Cast

Block Diagram Front Panel
armal Dizpla Marrmal Disglaﬂ
||| |
' Codes Dizplay| — :
Sbel \' Codes Display|
== Dizola |"»EIE"»EI3"¢"{I4
Hex Disglaﬂ
|EIEEI3 09314

Notice the differences between the three displays shown above. The third
element in the array, which has a decimal value of 9, corresponds to the
<Tab> character in the ASCII character set. In the Normal Display mode,
the <Tab> character is simply some space between the second and fourth
non-displayable characters in the string. The '\ Codes Display mode shows
the <Tab> character &s, while the Hex Display mode shows the numeric
value in hexadecimal notatio?9.

To change a data type to something other than a string, you must wire a
dummy value of the corresponding data type taype terminal of the

Type Castfunction. For example, to type cast the array of 8-bit integers into
an array of 16-bit integers, connect the array of 8-bit integers to the
terminal, and an empty array of 16-bit integers taype terminal.
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Block Diagram Front Panel
Array of N6

#0 |0z

.-'-‘-.rra% of [16] 014
[116]

dizplaped in hex
radix [baze 16]

The output array contains half as many elements as the input array because
the number of bytes of data does not change, so two 8-bit integers are
combined to form one 16-bit integer. The following illustration shows how
the Type Castfunction changes a wire’s data type.

new data type
array of 116

data type data type
array of I8 | data |—> Type H| array of I16| data |

Cast T

TheType Castfunction will work with onlyflat data or one-dimensional
arrays of flat data because it changes how LabVIEW interpsats) ke
group of bytes in memory. You cannot use fhge Castfunction with an
array of strings as an input, nor with a two-dimensional array of numbers,
because th€ype Castfunction does not include the additional information
necessary to recover data originally stored in these more complex data
structures.

TheType Castfunction is very useful in GPIB, VXI, TCP, and file I/O
applications.
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Flattening to String

TheFlatten To String function Advanced»Data Manipulation palette)
convertsanyLabVIEW data structure into a binary string. Unlike Tiype
Castfunction, which changes only the type of the input data; idiéen To

String function gathers all of the data contained in the input, as well as any
necessary header information, and creates a new output string. The header
information in the output string depends on the type of data sent into the
Flatten To String function, and it is necessary to recover the original data
from the string using thenflatten From String function.

tepe ztring

(O]
thing s==={{f &7 '
anything ‘Z’; data string

Flatten To String

For example, when you use thlatten To String function with a string

input, the output data string contains not only the characters in the string, but
also the four-byte header that stores the length of the string. The string
indicator in the figure below uses the ‘' Codes Display mode. Notice that
the first four bytes of the flattened string contain the length of the string in
bytes, which is how LabVIEW stores the string in memory.

Block Diagram Front Panel
=@ M attened shin flattened stin
@
LabiviE W ; L OO OTNOOATL abIE

If you flatten an array of strings into a single string, the output has a special
form that includes header information necessary for LabVIEW to recreate
the array of strings. Thelatten To String function collects all of the
elements in the array of strings into one large string, which occupies a
contiguous block of memory. LabVIEW first stores the header information
for the array—that is, the number of elements in the array of strings—
followed by each string element. Each string element consists of its size in
bytes followed by the data in the string. The following illustration shows
how LabVIEW stores a flattened string in memory.
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Array of Strings

# elements (N)

location of element O

location of element 1

length O

data

string 0

location of element i length i | data
location of element N-2 string i
location of element N-1
-~ length N-1 data
string N-1
A A
# elements string 0 string i string N-1
length of flattened string N length 0 | data lengthi | data length N-1| data

A

<¢—— Output of Flatten To String function —————— 9

Flattened String in Memory (including size) ————— P>

In the following example, the string indicator is displaying the contents of
the flattened string in the ‘\" Codes Display mode. Notice that the first four

bytes\00\00\00\03
four bytes\00\00\00\f

store the number of elements in the array. The next
provide the length of the first string, followed

immediately by the characters in the string. Then, the next four bytes
provide the length of the second stri6@\00\00\r  , and so on. Recall that

the ‘\" Codes Display mode does not always show hexadecimal values. The
\r code represents ASCII character 13, which is the carriage retuth, and

is a form feed.

Block Diagram Front Panel
array of strings array of stingz| flattened string|
[ab<] o= [tenedsin 20 |[esteting || MOCNOONOOAG3,O0NOOAOOA

zecond zting

third ztrifig

irztsgzting 008000 0M zeco
ridzztring SO0 00 00N fekird
hzztring

The following figure shows the resultsfttening casting andconverting

a three-element 116 (Word) array into a string. Notice that the binary strings
always use two bytes to represent each element of the array, while the ASCII
string varies in length, depending on the number of characters needed to
represent each number.

© National Instruments Corporation
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array of [I15]

+0|

il

—
_
=2
=

ra
=5
o
iy
=l

Reszults of Type Cast

Binary Sting [hex dizplay]

Hesults of Flatten
To String
Binary String [hex dizplay]

Resultz of Ammay To
Spreadsheet String
Binamy String [nomal dizplay]

0001 FFFE 0400 7000 =4 | 0000 0007 0001 FFFE 4 | |1 -21024 320006 -
FFF& ABEY 0037 0400 7000 FFFA -21657 55
@BET 0037

String Length String Length String Length

CNIE N NE NEE N M
v v ) 0
=2l v
=
=
=

Unflattening Data from a String

TheUnflatten From String function Advanced»Data Manipulation
palette) unflattens the data wireddioary string. This function uses the
data type of the wire connected to tyyee input terminal to interprddinary
string and to create data of the same data type afalle terminal. If
Unflatten From String cannot uséype to correctly interprebinary

string, then theerr output is TRUE, indicating that an error occurred when
converting the data.

binary string
type

Unflatten From String

To useUnflatten From String on a string created wifRlatten To String,
the data type wired to thgpe input must bexactly the samas the data
type of the object connected to @n@ything input of theFlatten To String
function. The following example shows how to unflatten an array of strings

from a binary string.
binary sting containing array of stings]

ﬁ,@Larra af strings
e=m [ab<]

Binary Format Used for Flattened and Type Cast Data

LabVIEW Basics Il Course Manual

TheType CastandFlatten To String functions create data that ishig
endianformat. This means that for multi-byte data types, the most
significant byte of a number is the first byte in the string. If your system uses
little endianformat, in which the least significant byte in a multi-byte
number appears first, you may need to reverse the order of the bytes in a
number when converting with tiig/pe Castor Flatten To String

functions. TheSwap BytesandSwap Wordsfunctions are in the
Advanced»Data Manipulation palette.
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For cross-platform data transfers, LabVIEW uses the 16-byte format for
extended-precision numbers when you useTipe Castor Flatten To

String functions. For example, if you type cast an array of EXT data to a
string and send it from a Macintosh to a Sun workstation via a TCP
connection, your programs must be able to correctly interpret the data. The
Sun uses 16-byte, extended-precision numbers, while the Macintosh uses
12-byte, extended-precision numbers. To successfully recover the data, you
must use a consistent representation.

Binary File 1/0 Using Flatten to String and Unflatten from String
You can generate a file with a header usingilagten to String function.
TheFlatten To String function collects all of the data in its input terminal
and places it in a binary string. It precedes the data in the output string with
header information necessary to decode the string back into the original data
type. The following example shows how to useRleten to String
function to create a binary file with a header.

File Dialog|  [Mew File] rite File]  [Cloze File|  [Simple Emor Handler. v
n [ I.m =
wrew fls | path NEII"_' refrum |y —
L) ol ['.é-m L]

error

Flatten To Sting
(o]
[oBL] bl
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Exercise 8-1 Cast and Flatten.vi
Objective: To build a VI that uses the Type Cast and Flatten To String functions.

You will create a VI that uses tAgpe Castfunction to interpret a string as
two different types of data, and tRtatten To String function to observe
the results of the function when used with a string input.

Front Panel

18 Aray Long " ord Integer [132]
#0 |I& 0
*|32 Digital Indic:ator
Binam String
*array of |8 Digital |ndicators® *ztring indicator®
Hex Dizplay

=

Open a new VI front panel and build the front panel shown above.

Create an array of digital indicators. Pop up on a digital indicator
inside the array and seleByte (18) from theRepresentationmenu.

3. Create a digital indicator and set its representaticiong (132)
from theRepresentationmenu.

4. Create a string indicator and set the display modtetoDisplay.
5. Open the block diagram.
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Block Diagram

18 Arra
[15]
Long
String Conztant] | [Integer [|32]| 0 Long ‘Word Integer [132]]
ID aneg _:‘
Flatten bo String
:@g Einary String

1. Build the block diagram shown above.

Type Castfunction Advanced»Data Manipulation palette) casts the
ASCII string “Done” to a Byte Integer (I8) array and also to a Long
integer (132) by changing the data type.

G E‘? Flatten To String function Advanced»Data Manipulation palette)

converts the ASCII string “Done” to a binary string.

Daonel String Constant (String palette) specifies the ASCII string “Done”.
2. Return to the front panel and run the VI.

The topmostype Castfunction changes the data type of the string to
an array of one-byte integers. The lowgpe Castfunction casts the
four-byte ASCII string into a Long integer, telling LabVIEW to interpret
the data as one four-byte Long integer. Flaten To String function
places the ASCII string’s header (the string length) along with its data
into a binary string.

3. Use the ASCII Character Code Equivalents table in the Appendix to
confirm that the numbers in the array are the ASCII codes for “D,”
“0,” “n,” and “e.” Also, use the table to confirm the last four bytes in
the binary string.

4. Close the VI. Name i€ast and Flatten.vi

End of Exercise 8-1
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Exercise 8-2 Cast, Flatten, and Convert.vi

Objective: To compare the results of the Type Cast, Flatten To String, and Array To Spreadsheet
String functions.

You will run a VI that casts, flattens, and converts an array of SGL numbers
to a string and then converts it back to its original representation. Notice the
difference between the strings generated, as well as the length of each string.

Front Panel

Dizplay Mode Type Cast > Shing SGL &mray
Marmal Display ~| | Sting Length [0 | |
|

-

Type Cast -» [SGEL]

SGEL Array [nput

Flatten To String SGL &rray
#0528 Shing Lengh B #p |
/4.20 -]
SET |
w214
+[1.50
_— Unflatten Fram String -> [SGL]
Aray Ta Spreadshest Sting SGL Aray
String Length D ﬂﬂ |

[
[t

-

Spreadsheet String To Amay -» [SGEL]

1. Open theCast, Flatten, and ConvertVI. The front panel contains an
SGL array control to enter the array. The indicators are grouped together
according to function pairs.

The topmost group of indicators displays the result of type casting the
input array to a string, the length of the string, and the results of type
casting the string back into an array of SGL data. The center group of
indicators displays the result of tRatten To String function when

used with the input array, and the length of the string. Using the
Unflatten From String function produces the SGL array. The bottom
group of indicators shows the string created when the array is converted
using theArray To Spreadsheet Stringfunction, the length of the

string, and the array created by B@readsheet String To Array

function.
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£

—%SGL.&HE
| [seL]

String Length
e T_'r'F'E Cazt mHI I"LEI"IQH"I' Type Cast
mray i
Input =
ey 9 o5 e
Flathzr ta 5 trirg Length el [so1]
e [==0||Length] [Urlatten Framn Sting]
I |
- SGL.i'-.rra
H-,j’ [5oL]
B |[x32]|lLengt Spreadsheet Sting
String Length Todray
rray To
Spreadzhest Sting
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1. Open and examine the block diagram. The dummy array of SGL

constant provides the type used for converting the string back into an
array.

The casting operations are in the top third of the diagram. First, the SGL
array is cast to a string using the IBfpe Castfunction. The front panel
displays the cast string along with its length. This string is then cast back
to an array of SGL using anothEype Castfunction.

In the middle portion of the diagram, the flatten functions manipulate
the data. First, thElatten To String function flattens the SGL array to

a binary string. The front panel displays the flattened string along with
its length. The string is unflattened back to an SGL array using the
Unflatten From String function.

The bottom third of the diagram uses spreadsheet string functions. First,
the SGL array is converted to a spreadsheet string (ASCII) using the
Array To Spreadsheet Stringfunction, which separates every element

by a tab and appends an End of Line character at the end. The front panel
displays the converted string along with its length. The string is then
converted back to an SGL array using 8geadsheet String To

Array function.

Run the VI. Observe the differences between the casting, flattening,
and converting operations and the resulting string lengths.

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

End of Exercise 8-2
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B. Custom Gra

phics in LabVIEW

Decorations

There are several LabVIEW features available for giving front panels a more
professional, custom look. These features, provided with the LabVIEW full
development system, provide custom graphics and animation features to
your user interface.

EE Decorations |

Receszsed Box

AA L U OO0
VOV NV OO DO
=B OO0 0
<9 00U

One of the most straightforward methods to enhance a user interface is to
apply the LabVIEW Decorations to a front panel. These objects, which you
can access through t@entrols palette, provide various flat and 3D images

to serve as dividers between front panel objects. Through careful use of the
decorations, you can increase the readability of your front panels.

Importing Graphics

LabVIEW Basics Il Course Manual

You can import graphics from other programs 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, as described below.

* Windows—If you can copy an image directly from a paint program to
the Windows Clipboard and then switch to LabVIEW, LabVIEW
automatically imports the picture to the LabVIEW Clipboard. Or you
can use thiamport Picture from File... option from the LabVIEVEdit
menu to import a graphics file into the LabVIEW Clipboard. LabVIEW
will recognize graphics files in the following formats: CLP, EMF, GIF,
PCX, BMP, TARGA, TIFF, LZW, WFM, and WPG.
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* Macintosh—If you copy from a paint program to the Clipboard and then
switch to LabVIEW, LabVIEW automatically imports the picture to the
LabVIEW Clipboard.

* UNIX—You can use themport 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.

Once a picture is on the LabVIEW Clipboard, you can paste it as a static
picture on your front panel, or you can uselthport Picture option of a
pop-up menu, or the Import Picture options in the Control Editor.

Attribute Nodes

Every control and indicator contains the base attriR¢sstionand

Bounds Position enables you to specify the location of an object on a front

panel, while Bounds provides the size of the object. In addition, each front
panel control or indicator has specific attributes that let you resize the object
programmatically. By setting and reading these attributes, you can provide
basic animation of a control by moving and resizing the object.

Custom Controls
You can customize LabVIEW controls and indicators to change their
appearance on the front panel. You can also save these controls for use in
other VIs. Programmatically, they function the same as standard LabVIEW
controls.

Control Editor

You launch the Control Editor by selecting a control on the front panel and
choosingedit Control... from theEdit menu. The Control Editor appears
with the selected front panel object in its window. Just as in the LabVIEW
programming environment, the Control Editor has two modes. These two
modes are Edit mode and Customize mode.

Edit Mode
Edit mode is similar to edit mode on a LabVIEW front panel. You can pop
up on the control and manipulate its settings just as you would in the
LabVIEW programming environment.

22| |Control =] |13pt &pplication Font = |3 =] |0a =] |29 =]
Edit Mode Type Def. Status Text Settings Align Distribute Reorder
Objects Objects  Objects
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Customize Mode

Saving Controls

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, seleShow Parts Windowfrom theWindows menu.

| Cartrol =] 130t Application Fort =] [§5 =] |G| |29 =]
Customize Type Def. Status Text Séttings Align Distribute Reorder
Mode Objects Objects Objects

One way to customize a control is to change its type definition status. You
can save a control asantrol, atype definitionor astrict type definition
depending on the selection showing in the Type Def. Status ring. The control
option is the same as a control you would drop fronCitwatrols palette.

You can modify it in any way you need to, and each copy you make and
change retains its individual properties.

A Type Definitiorcontrol 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. You 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.

A Strict Type Definitiorcontrol 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. You 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.

After creating a custom control, you can save it for use later. By default,
controls saved on disk will haveal extension. You can also place
controls in theControls palette using the same method as that used to add
subViIs to théunctions palette.

You can also 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 8-3
Objective: To use the Control Editor to modify a control.
1. Open a new panel.
2. Place a Horizontal Pointer Slidduymeric palette) on the panel.

</0.00

Modifying the Control
3. Launch the Control Editor by selecting the slide using the
Positioning tool and choosirtedit Control... from theEdit menu.
Using the Operating tool, move the slide to the middle of the panel
to allow more work space.
4. Pop up on the digital display and selReplace»Numeric»Meter

To hide the digital display of the meter, pop up on the meter and
selectShow»Digital Display. Position the meter above the slide.

| 20 406D g4 |
oo 100 |

5. Hide the slide scale by popping up on the slide and selecting
Scale»Style»None

6. Close the Control Editor by selecti@dpsefrom theFile menu. Do
not save the control, but when asked to replace the existing one,
reply Yes The modified slider is shown on the front panel.

Note You can save controls that you create just as 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 8-3
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Exercise 8-4 Custom Picture Exercise.vi
Objective: To create a custom Boolean indicator.

You will 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

A 4 i
Burner Switch
Quit |

1. Open theCustom Picture ExerciseVI in Basics2.llb

The VI contains a vertical toggle 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, follow the steps below.

a. Popupinanopen areaon the front panel and clSmpsee LED
from theControls»Booleanpop-up palette. Label the LERask

b. Using the Positioning tool, select the graphic that shows the
contents of the flask boiling, and chodaeat from theEdit menu.
Click on the Flask LED indicator and chodsdit Control... from
the Edit menu. The Control Editor should now appear with the
Flask LED displayed. Pop up on the LED and seli@giort
Picture»True. This custom picture now represents the TRUE
state.

Note The default state of the LED is FALSE. If you do not see the picture, the LED
is probably in the FALSE state.

c. Switch to the front panel by clicking on it. Using the Positioning
tool, select the graphic of the flask that shows the contents of the
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flask not boiling, and choos@ut from theEdit menu. Switch to
the Control Editor window by clicking on it.

d. Pop up onthe boiling flask and selkuport Picture»False. This
custom picture now represents the FALSE state.

e. SelecApply Changesfrom theFile menu, and close the Control
Editor. Do not save the custom control.

3. Pop up in an open area and choBgeare LED from theBoolean
pop-up menu. Label the LEBlame

4. Using the steps above, 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 popping up on them
and selectinghow»Label Select both Boolean indicators and align
them on horizontal centers using thkgn Objects tool.

Block Diagram

Burner Switch

[TE]

1. Complete the block diagram as shown above.

Return to the front panel and run the VI. Turn the Burner Switch on
and off and notice the custom Boolean change.

3. Stop the VI by clicking on the Quit button. If you press 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.

4. Save and close the VI.

End of Exercise 8-4
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Exercise 8-5
Objective:

Front Panel

Block Diagram

LabVIEW Basics Il Course Manual

Graphic Panel.vi

In this exercise, you will enhance a basic VI front panel using imported

bitmaps and images.

1. Open tharaphic Panel VI located inBasics2.llb

To use some of the LabVIEW built-in features to make an enhanced front panel.

. A basic front

panel and block diagram are already complete.

—

Status

Stn:npped|

Temp|

zhoy
[

AU

FOWER

Toooooooooo
Platting...

oooo0oooo0oonn

| Status |

8-20
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2. Run the VI. Every 0.25 second, a random number is generated and
plotted on the waveform chart. In addition, the Status string flashes the
word “Plotting...” while the VI is running. The Power button is a
Boolean control that has been modified using the Control Editor to have
a custom bitmap image. Press Bwver button to stop the VI.

3. Examine the block diagram. Inside the While Loop, the random number
is generated, and the Quotient/Remainder function determines what
string should be sent to the Status indicator. You may want to run the VI
in execution highlighting mode to determine how it operates. Stop the
VI if it is running and switch back to the front panel.

4. Windows—Expand the front panel. From the LabVIB®dit menu,
selecimport Picture from File... . In the dialog box that appears, find
the bitmap filePanel.bomp (which should be in the same directory as
your Basics2.llb library), select it, and then click @pen. The
bitmap image is then copied into the LabVIEW clipboard.

Click in an empty area of the VI's front panel and then s€lastefrom
the LabVIEWEdit menu. The bitmap of an instrument’s face should
appear on the front panel.

5. Hide the owned labels for the Status, Temp, and stop controls and move
them onto the instrument face bitmap.

» TheStatusstring should go to the gray towards the top of the
bitmap.

* TheTemp chart should move to the white area of the bitmap.

» Thestop button should be located in the bottom portion of the
bitmap.

You may want to use the arrow keys on the keyboard to accurately
position the objects. Also, when you move these objects onto the bitmap,

& - they may move behind the image. If this happens, ufRabeder ring
_Reordftrr | control and seled¥love to Front. This will place the objects on top of
ring contro

the bitmap, rather than behind it.
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6. Select &Raised Framefrom theControls»Decorationspalette and
stretch it over the boundary of the instrument face bitmap. This will
finish the front panel, which should now resemble the following:

7. Resize the front panel window to reduce the amount of empty panel
space and save the VI. Run the VI and observe its operation.

8. Close the VI when you are finished.

End of Exercise 8-5
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The Picture Control

The Picture Control is a set of tools for creating arbitrary front panel
displays. The Picture control displays picture images described by graphics
instructions. The Picture Control is in tBeaph palette. The Picture

functions in theGraphics & Sound palette implement a common set of
drawing commands for building the graphic images.

One of the best aspects of the Picture Control is its examples, which include
high-level graph virtual instruments (VIs) for use “as is” in your application.
Examples include VIs for creating waveforms, XY and multi-xy displays
with scales and grids, and a variety of plot styles (bar, point, line, and so on).
There are also specialized examples for Polar plots, Smith plots, and
Waterfall plots. In addition, there is a Robot Arm example that demonstrates
animation of real-world processes.

If you build off the examples, you will find many valuable subVIs for
drawing waveforms in a variety of styles, creating grids, and specifying
scale range and format. There are also custom controls for common graphics
objects to aid in the creation and passing of picture data.

500 increment  stark pointz
= Jnon | Foen | yfEd |
1.50 .

polar attributes
100 TSR ﬂ 200 | frt and prec
050 rRirirLm ﬂ 0.0 | format
.00 clip ba i | ﬂ“:' ecimal |

ba [ precizion
£l
agrid colar - w2 |
pict color [ vizible section

deszired fant uzer-specified font
ﬂ|L| ser-zpecified Font | Eimm
Font Name: |arial | ,51|1E |
Strik 2ot [talic? Underine?  Outline? Shadow? Biold?
no | [ves]  ves]  [wo]  [wo] [wo]
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C. LabVIEW Run-Time Menus

Static Menus

LabVIEW Basics Il Course Manual

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 theun-time menyRTM) 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 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 easily make a custom pull-down menu for your
application.

Static menus are stored in RTM files. You can enable, create, or editan RTM
file for a VI by invoking theEdit Menu... option fromthe Edit pull-down

menu in LabVIEW. Invoking the Menu Editor brings up a dialog box, as
shown below:

i Menu Editor E3
File Edit Help
) GlE (0l G] [ Defalt o
Prewview : |Eile Edit Operate Project Windows Help
R | " o

. ew = Item Type

+ [Open... | | Application lkem ;I

¢ Cloze

[ [tem Mame :

o Cave |File

¢ Save b .

* Saven Copy b, iz Uz -

¢ Save with Options... I*’-'*PP_HLE

¢ Printer Setup... W Enabled

* F'rintDD_cumentatiDn... [ Checked

: Print Yindav... Shortcut [Prezs key combination] :

* EditVl Library... ||

On the left side of this window 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 diagram. It has a
name which is the string that appears in the actual menu, #agj which
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IS a unique case-insensitive string identifier. A tag identifidsex Iltemin

the diagram. For ease in editing, whenever you enter the name, it is copied
to the tag. However, you can always edit the tag to make it different from the

name. For a menu item to be valid, its tag should not be empty. Invalid menu
items appear as “??7?".

An Application Item is one that LabVIEW provides. These items are part
of the default LabVIEW menu. To select a particular LabVIEW item, click
on the arrow button next to the Item Name and follow the pop-up hierarchy
as shown in the illustration. 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 diagrams. You cannot alter the
name, tag, or other attributes of an Application Item. LabVIEW reserves
tags starting with “APP_" for Application Items. The tags for Application
Items are listed in the LabVIEW Online Reference.

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

The Menu Editor ensures that tiag 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 attributes.
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 on tlie” button adds a new menu item. You can
also change the type of a menu item by choosing frorieireType ring.

In addition, you can reorder the menu items and create submenus using the
arrow buttons. Finally, clicking thelete Itembutton 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 menuQipen, New, Save
andSave Asbuttons 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 just edited.

Dynamic Menus
While a VI executes, you can change items in the VI menu bar by using the
menu management functions described below. All of these functions are
located undeFunction»Application Control»Menu. All of these
functions operate on a refnum for the menu retrieved usinguhent
VI's Menu function.
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Insert Menu Items

mernu tag
menubar FEMLT rmenubar out
|tem_tnar:1£=s m;—“a +H iterm kags out
them tags — Ba error out
ermar in [ho erar] mjm
after item

Inserts a menu item (or an array of menu items) identifigteby names
oritem tagsinto a menu (menubar or submenu). The position of the item is
specified either through ttedter item parameter or through a combination
of themenu tagandafter item pair.

Delete Menu Items

menubar MEMHU renubar aut
menu tag

items ﬁ:
ermar in [ho erar]

e 2rror auk

Deletes a menu item (or an array of menu items) identifiegens from a
menu identified bynenu tag (from the menu bar, ihenu tagis not
specified)ltems can be a tag, array of tags, position number, or an array of
position numbers.

Get Menu Item Info

iter tag 11 subrmenu tags
menubar FEMLU menLubar out
[z I . Lo bemn name
. (A :
ermar in (o errar) = “‘Lﬂ enabled
errar out
checked
e | [ E

Returns attributes of the menu item specified thrategh tag (or the
menubar if theitem tagis unspecified). Item attributes incluilem name
enabled checked andshortcut. If the item has a submenu attached, its
item tags are returned submenu tags
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Set Menu Item Info

item tag
menubar FEFD menLbar out
item name ~5 ..., ]
enabled - s error oLt

&rmar in (o ermar]
P s —
zhort cut

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

Get Menu Shortcut Info

menubar FEMLT menubar out
short cut = =72 E jtem tag
2Iror in [no error] === % itemn path
errar aut

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

Menu Selection Handling
Menu Selection functions handle your menu selections. The menus might
have been built statically in VI Setup or dynamically during run time. To set
up the diagram to handle menu selections, acquire control over the menu
selection process with the functi@et Menu Selection 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 ur@kthdenu
Selectionfunction reads the first item. Under such conditi@st Menu
Selectionis 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 tHenable Menu Tracking function.

Current VI’s Menubar

@— renubar

Returns thenenubar refnum of the current VI. This function must be
executed before the other menu handling functions are invoked.
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Get Menu Selection

gro—— timed out
menubar MEMLT renubar out
rnz brmeout (200) - ... k= jtem tag
block menu [F] mj‘“g—k% itern path
EIror in [no eror) eror out

Returns thétem tag of the last selected menu item, optionally waiting for

a period of time specified lymeout. Iltem path is a string describing the
position of the item in the menu hierarchy. Menu selection is blocked after
an item is read iblock menuis set to TRUE.

Enable Menu Tracking

menubar HERY renubar out
Enable [T] *:' === ss s ]
. errar out
errar in [ho error] =1 L3

This function enables or disables the tracking of menus. Once a menu is
blocked using th&et Menu Selectionfunction,Enable Menu Tracking
must be executed to re-enable the pull-down menu.
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Exercise 8-6 Pull-down Menu.vi

Objective:

To build a VI using a custom run-time menu.

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

1. Open théPull-down Menu VI located inBasics2.llb . 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 may access this menu.

2. From the LabVIEWEdit menu, seledEdit Menu.... The Menu Editor
should appear:

File Edit Help
S
Prewview ; |Ei|e Edit Operate Project Windows Help
R . || v et
* Mew —{|| Itemn Type:
e Open... (I | Application [term j
* Cloze
R |tern Mame :
* Save IFiIe
* Save bz, .
* Save st Copy bz, JEw =93
¢ Save with Options. .. IAPP_HLE
* Fiinter Setup... W Enabled
* F'r!ntDD_cumentatiDn... [ Checked
: Prlnthndnw Shartcut [Press key combination] :
o Edit\ Library. ||
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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.

Change the topmost ring control in the Menu Editor fRxefault to
Custom. The menu listed on the left portion of the window should be
replaced with a “???”, representing a single unnamed item.

In theltem Type ring control, selecApplication Item»Operate»
Entire Menu. The LabVIEWOperate 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 tBperate 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 tem Name and
Item Tag appear in the Item Properties box of the editor. When finished,
collapse théperate menu by clicking on the triangle next to the
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Operate option. You should now see only tBperate item in the
menu list.

Click on the “+” button in the Menu Editor toolbar. A new unnamed item
(“??7?") will appear in the menu list. With this item highlighted, enter
Test into theltem Name property. This menu item will now have an
Item Name and Tag dfest.

Click on the “+” button again to add another entry under the Test item.
Press the right arrow button on the toolbar, and this unnamed option
becomes a subitem under thest menu. Type in the ltem Name

Test 1 for this new item.

Add two more subitems under the Test submenu cadlsic® and

Test3 . The Menu Editor window should now resemble the following:

EE Menu Editor - Untitled.rtm*

File Edit Help
I Cuztom vl
Prewview ; |Q|:|erate Test
b Operate ;I — ltem Properties
= Test Item Type :
¢ Testl | User [tem ;l
¢ Test?2
) [tem Mame :
|Test3
Itern Tag :
|Test3
|+ Enabled
" Checked
Shortcut [Prezs key combination] :

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

From the Menu Editdfile menu, selecBave Save the run-time menu
asMenu Exercise.rtm in theC:\Exercises\LV_Bas2 directory.
Then close the Menu Editor window. When LabVIEW asks if you want
to change the run-time menuMenu Exercise.tm , selectyes You
have just configured a custom pull-down menu which will be invoked
while the VI executes.
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Current %l's
b enubar
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Switch to the block diagram of the VI and complete it as shown above.

Current VI's Menubar (Application Control»Menu subpalette).
This function returns the refnum for the selected VI's pull-down menu,
so that it may be manipulated.

Get Menu Selection(Application Control»Menu subpalette). Each

time the While loop executes, tlet Menu Selectionfunction 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 uigflable Menu Tracking is
executed.

Enable Menu Tracking (Application Control»Menu subpalette).
This function enables the pull-down menu, after it has been disabled by
theGet Menu Selectionfunction.

Save the VI and run it. When the VI executes, the custom run-time menu
appears on the panel window. If you select one of the items iretite
pull-down menu, that item’s name appears in the Item Tag indicator and
a dialog box pops up 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 oGteMenu Selection
function). If you press the OK button on the dialog box, the Item Tag
indicator is cleared and the menu is re-enabled biztiadle Menu
Tracking function. Also, notice that the items from Deerate
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pull-down menu do not show up in the Item Tag string—only User items
are returned from th&et Menu Selectionoption.

To observe the flow of the VI, you may want to turn on execution
highlighting and single stepping and examine the block diagram. Press
Stop on the VI's front panel to halt program execution.

11. 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:

Menu Item Windows Keyboard Macintosh Keyboard
Shortcut Shortcut
Test 1 <Ctrl-1> < #®-1>
Test 2 <Ctrl-2> < #®-2>
Test 3 <Ctrl-3> < %#-3>

In addition to setting the above 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 Nami akcute . In this
exercise, assign ALT-T to the Test option in the menu.

12. Save the VI with the updated keyboard shortcuts and run the VI. Now

you should be able to use the keyboard shortcuts, rather then the mouse,
to select the different test options.

13. Close the VI.

End of Exercise 8-6
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D. 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 easily 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 figure below 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.

[ntensity Graph

Y Scale

Color Ramp

X Scale
Cursor Display

&)

Palette — = ]

7% vsyl )

To change the color associated with a specific intensity value, pop up on the
marker appearing next to the color ramp and s&lacker 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,
pop up on it and seleétdd 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 text tool and type in the location of the marker.
After you have placed the marker at the appropriate location on the ramp,
pop up on it and seletdtarker 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 below shows a 4 x 3
array plotted on an intensity graph. The colors mapped are red (1.0), blue
(2.0), and green (3.0).

2-D Amay Intenzity Graph
col.l 0 caol 1 col 2
gﬂ =300 |51.00 5200 || row D
Fi Fi Fi Bl G
0 | 5T0 |2 Eoo EAon || ow fi=d fi=d
=300 |5 /200 5300 || row 2
P A F [E] ] G
o200 (52,00 (5 0.00 | row 3 fied
Fed = 1.0
Elue = Z.0
Green = 3.0
# Aig [row #]
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Exercise 8-7 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 thiatensity Graph Example VI in Basics2.llb . By
default, the VI plots an interference waveform. An attribute 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.

Uszer Data Intensity Graph
; ; = -2100
*'i' u -
S
L RA T T,
;l.li‘i
R NEN
" I 1 1 =200
: 0 20 40 B0 80 100
Fliat
IJzer Data [II, ﬂﬂl@ﬁ
Interference Pattern [ECERERT LY
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.
User Data Intensity Graph
gﬂ *Hoo02ko0 “7.00 [%z00 ol
5 S300 700 400 Zho0o
$1.00 5500 [3[0005 000
$7.00 7200 |Z100 /500
x -0.00
Flat
Uzer D ata | o ﬂl:
Interference Pattern [EEERERT L

3. Close the VI. Do not save changes.
End of Exercise 8-7

© National Instruments Corporation 8-35 LabVIEW Basics Il Course Manual



Lesson 8 Additional Topics

E. Occurrences

Consider an application where you want to put part of a diagram to “sleep”
until a certain condition is true. Consider that you want to monitor the
temperature and flow rate of a fluid through a system. However, you do not
need to collect the flow rate information until after the temperature has
exceeded a certain limit. After it has, your application should continue to
measure both temperature and flow rate. As shown below, you could use two
independent loops and local variables to control the data collection. The two
loops use shift registers to store whether or not the temperature limit has
been exceeded. After it has, the value in each shift register remains
unchanged.

Loop 1

[Falzck]
Collect D ata. i Limit Enoeedad -

GETDATA

emp. limit not yet
woeeded.

A e

E wceeded?

Lirnit Exceeded?

s Truet

Loop 1

Collect Additional
D ata. vi

Floww Hate

Lirnit haz been excesded.

Li[DBL];

Consider an alternative approach. You can use occurrence functions to
control separate, synchronous activities. In particular, you use these
functions when you want one part of a block diagram to wait until another
part of the same block diagram finishes a task without forcing LabVIEW
to poll.
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LabVIEW uses three functions to control occurrences, which you can find
in the Advanced»Syncronization»Occurrencepalette of thé-unctions
palette.

Generate Occurrencecreates an occurrence that you can pass My #ie
on OccurrenceandSet Occurrencefunctions. The Occurrence output is a
refnum that linkd/Nait on OccurrenceandSet Occurrence

@7 OCCUITENCe

Generate Occurrence

Wait on Occurrence waits for theSet Occurrencefunction to trigger the
given occurrence. You can use the timeoutinput to force this function

to finish after the given amount of time passes, regardless of whether the
occurrence was set elsewhere. If this happensintiee out output value is
TRUE. The default value of the timeout is -1, meaning that\thi on
Occurrencefunction will wait indefinitely.

timed out

g bimeout [-1] p—
1=

oCCUumence — ...
ignore preyious [T] -

Wait on Occurrence

Set Occurrencetriggers the specified occurrence. All block diagrams
waiting for this occurrence stop waiting, or “wake up.”

occurrence _|>

Set Occurrence
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The diagram of a VI that implements the same application as the previous
example appears below. T@enerate Occurrencefunction provides a
unique occurrence reference number that is sent to both Loop 1, which
measures temperature, and Yiait on Occurrence function. The output

of theWait on Occurrencefunction is wired to the border of Loop 2, which
reads the Flow Rate. Because there is a wire connecting the output of the
Wait on Occurrencefunction to the border of Loop 2, Loop 2 cannot start
until theWait on Occurrencefinishes. Recall thawait on Occurrence
finishes when th&et Occurrencefunction executes. The occurrence is set
in Loop 1 the first time the measured temperature exceeds the limit value.

Loop 1

Generate Ocounrence] ait on Occumence]

' True caze A SR

GET DATA

Collect Data.vi| = emphy

T 1 3 i & il
= A

Collect Additional

D ata. vi
GETDATA

Set
Dooumence
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F. Reentrant Vis

In some instances, you may build a VI that usesitializedshift registers
to store data. If you plan to use that VI as a subVI and make multiple calls
to it, you must be careful that the calls do not share the same data.

For example, consider a VI “A” that uses uninitialized shift registers to store
data. As shown to the right, two calls are made to “A.” Both calls share the
same data space. This could cause a problem if the VIs are meant to execute
independently of each other.

subVI subVi
A A

One solution to prevent the calls from sharing the same data space is to save
several copies of “A,” each with a different name (for example, “Al,” “A2,”
and so on.). However, this method is cumbersome if many calls are made to
the VI. You also unnecessarily duplicate code, thus using more memory.

A better solution is to make the ¥éentrant If a VI is made reentrant, each
instance of the VI in memory uses a different data space. This is illustrated
at the right. Because reentrancy is enabled, each call to “A” will use a
different data space, allowing each call to execute independently of the other
without the danger of sharing the data. Each instance of a reentrant VI
executes in parallel, but the code for the VI is loaded into memory only once.

*Reentrancy enabled

subVI subVI
A* A*

Data Space Data Space
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You enable reentrant execution by popping up on the icon pane in the Panel
window and choosiny| Setup... from the pop-up menu. Notice that if
reentrancy is enabled, several other options are disabled.

| E xecution Options =]

iy e

e _
[+ Reentrant Execution 5ok
2W
Pricrity Preferred Execution System
| rarmal priority =] | zame as caller =

k. Cancel |

You will now do an exercise that uses reentrancy to keep two sets of
averaged data from mixing previously stored values. The effects of
reentrancy on memory are discussed in the Memory Management module
of the LabVIEW Advanced | course.
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Exercise 8-8 Running Average.vi

Objective: To build a reusable four-point running average VI.
You will build a VI that calculates a running average of four data points. The
VI will use an uninitialized shift register (with three additional elements) to

store the four data points. By making this VI reentrant, you can use it in any
VI diagram.

Front Panel

new input| running average|
= noo |
*digital control*  *digital indicator®

1. Open a new panel and build the front panel as shown above.

Block Diagram

runnin_ﬁ averaﬁe

1. Build the diagram shown above.
2. Create the icon and connector for the VI.

Icon

BH-o

e

Connector

riew input . TURNINg average
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3. Make the VI reentrant by popping up on the icon pane in the Panel
window and choosing| Setup...from the pop-up menu. Configure the
VI to be reentrant, as shown in the VI Setup dialog box on the previous
page.

4. Save and close the VI. Nam®&iinning Average.vi You will use the
VI as a reentrant subVI in the next exercise.

End of Exercise 8-8
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Exercise 8-9 Running Avg Application.vi
Objective: To use a reentrant subVI.

You will build a VI that calculates and plots the running average of
generated data points. The VI calculates the running average using the
Running Average VI that you built in the previous exercise. Because the
VI is reentrant, each call to tiRunning AverageVI uses its own data

space.

Front Panel

1. Open thkunning Avg Application VI in Basics2.llb . The front
panel of the VI is already created. You will finish building the block

diagram.
2. Open the block diagram.
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Block Diagram

Funning Awverage. vi
E -+
£
El

Fiunning &verage. v
H-+o
£

N 4

100
L= f

1. Build the portion of the block diagram shown in the ellipsis above.

E‘E“:' Running Average.vi(Select a VI..menu) calculates the average of the
4 | last four random numbers.
2. Save the VI and return to the front panel.

Run the VI for a short time. After stopping it, you will modify the
reentrancy of th&®unning AverageVI to observe the effects of
reentrancy.

4. Open the block diagram. Double-click on the Running Average icon.
Its front panel should open.

5. On the front panel dRunning Average.vi disable the reentrancy
option of the VI in theV/I Setup dialog.

a. Pop up on the icon pane of the Panel window and chdose
Setup...from the pop-up menu.

b. Click in the box next to “Reentrant Execution” to disable it.

6. Close all windows and return to tReinning Avg Application front
panel. Do not save any changes. (The changes you make to the
Running Average subVI remain in memory.)

7. Run the VI. Notice that the averages are no longer correct because
the data space is being shared. Some of the data displayed on
Chart 1 is used in calculating the running average shown on Chart 2,
and vice versa.

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

End of Exercise 8-9
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G. The CVI Function Panel Converter

As you and your co-workers develop applications, some may find that
working in a more traditional C programming environment better suits their
application development needs. National Instruments offers such a package,
called LabWindows/CVI (C for Virtual Instrumentation) for Windows and
Sun. LabWindows/CVI provides an interactive, easy-to-use development
environment in which you create applications in ANSI C.

With the CVI Function Panel Converter, you can convert CVI function
panels into LabVIEW VIls. To do this, you need to compile the CVI
application as a Windows Dynamic Link Library (DLL) in Windows or a
Shared Library on the Sun. You can create LabVIEW VIs from the CVI
function panel .fp ) file that executes the code stored in the library. Thus,
instrument drivers that may not be available in LabVIEW, but which a
co-worker or other vendor may have developed in CVI can be made
available in LabVIEW. This portability can save a great deal of time and
money during application development.

To convert a CVI function panel into a LabVIEW VI, sel€dnvert CVI

FP File...from theFile menu. A dialog box prompts you to findfa file

to convert. After you have selected a file, you will see a dialog box similar
to that shown below.

C¥l Function Panel Converter ;

Select a Destination Directory or ¥l Library:

|D:'\F'ru:uieu:ts'15 cope.llb | Browse._. 1

Instrument Prefix:

hcnpe |

Select Function Panel Items to Process:
[Double-click on an item to toggle selection_]

+ Initialize -]
+ Configure
+ Head Waveform
+ Cloze
Options. . ;
= 1]
Hename.__ Select All Deselect All Cancel

A single.fp file can contain many functions. You select which of these
functions to convert into LabVIEW VIs in this dialog box, as well as the
name of the LabVIEW VI library.(LB file) in which the newly created VIs
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will be stored. There are also a number of options you can select to
customize the conversion process when you cliclogpt#ons...button. The
FP Conversion Optionsdialog box is shown below.

Il FP Conversion Options

Y| Generation Options;

¥ Leave | Frant Panelz Open
[+ Create Library Call on Block Diagram

L L
PooomcedETey fhoRE LRLL DI DA R0l s iREEERG

I Usze C-Decl Instead of StdCall Calling Conventions
[ MapYiSession tpe to Y54 Session BefMum
Iv Add Instrument Ermor 140 Checking
[+ Use Suby| for Tl Error Comversion
[ Create instr.lib menw miroring C Class Hierarchy
[ Include CYl Clazs Mames in %l Mames
Iv Use C Function Marmes far ¥ls
[+ Capitalize and Bemove Underscores in Mames
Iv Cornwvert All Contral Marmes to Lowercase
¥ Azzign Instrument Driver lcong Bazed on Marme

[+ &dd Front Panel Contrals for Size of Aray Parameters
2048 Default Size far Aray Parameters

] | Cancel |

Enabling theLeave VI Front Panels Openoption will show the panels of
the VIs created by the CVI Function Panel Converter as they are made.

If you do not already have the Shared Library or DLL for the CVI function
panels, disable the Create Library Call feature irCtwversion Options

dialog box. The converter will create VIs with all of the necessary front
panel controls and indicators as well as an icon and a connector pane. You
will need to finish the block diagrams of the VIs. All CVI function panel
descriptions are also placed in the LabVIEW VI front panel.

If you enable th€reate Library Call feature, each LabVIEW VI's block
diagram will contain a Call Library Function icon that is already configured
to call the correct function in the library with the correct arguments and
function return value. All of the terminals to the Call Library Function will
also be wired.
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Exercise 8-10 Scope.llb

Objective: To use the CVI Function Panel Converter.

You will create a library of VIs from a CVI function panel file.

1.

Make sure you have a LabVIEW VI window open. Then, select
Convert CVI FP File... from theFile menu.

A file dialog box appears, prompting you to find a Cigl file.
Select thescope.fp file in theLABVIEWddirectory and press the
Open button.

TheCVI Function Panel Converterdialog box appears, similar to that
shown previously in this section. You will convert all of the function
panels in the file into VIs.

Press th®ptions... button to enter thEP Conversion Options
dialog box. Enable the Leave VI Front Panels Open option. Click the
OK button to exit the dialog box.

Press th©K button in theCVI Function Panel Converter dialog
box to begin the conversion. You will notice that as each CVI
function panel is converted into a VI, the front panel for the VI is
opened.

When prompted t8elect a Library, selectScope.dll  (Scope.so
on Sun) in thee ABVIEWdirectory. This file is in the same directory
asScope.fp

Note If you cannot find this file, press the Cancel button in the file dialog box. The
CVI Panel Converter will create the Vls as if the DLL or Shared Library were
available, but you will not be able to run the Vis.

6.

After completing the conversion, the converter generates a text file
calledscope.out . This file contains information about the status of
each panel conversion.

Examine the panels and diagrams of the converted function panels.
Close all the scope Vls that were created.

End of Exercise 8-10

© National Instruments Corporation

8-47 LabVIEW Basics Il Course Manual



Lesson 8 Additional Topics

H. Using LabVIEW with HiQ

LabVIEW Basics Il Course Manual

National Instruments produces HiQ, a high-performance numerical analysis
application for Windows 98/95/NT. HiQ is an interactive problem-solving
environment to organize, visualize, and document real-world math, science,
and engineering problems. This package solves real-world problems using
a methodology that combines a notebook interface, interactive analysis, data
visualization, an extensive math library, and a programming language called
HiQ-Script.

HiQ has advanced data visualization capabilities, such as 3D graphs, that
enable you to easily interpret data generated from within the HIQ
environment or other applications. With this feature, you can use HiQ with
other test and measurement packages (such as LabVIEW) to enhance your
overall application.

To ease the implementation of HiQ in your application, the software
package includes features to import and export data files in a variety of
formats, including delimited text or binary data. Because of these features,
you can develop LabVIEW applications that write test data to a text or
binary file and then import that data into HiQ for additional analysis or
visualization.

In addition to writing data files for HiQ, LabVIEW also includes a series of
VIs that enable you to transfer data between these two applications in
various formats. You can also control HiQ from LabVIEW, launching HiQ,
opening and closing HiQ notebooks, and running HiQ scripts. With these
features, you can create applications that automatically transfer the data to
a HiQ notebook for analysis by an end user.
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Exercise 8-11(0Optional—Windows only) Data to HiQ.vi

Objective: To transfer test data hetween LabVIEW and HiQ.

There are several instances where you may need to view data in three
dimensions. For example, you may need to determine the temperature
gradients along a surface, the contour plot of a stretch of terrain, or even the
changes in a signal’s frequency over time. While such a set of 3D data can
be plotted within LabVIEW, the intensity charts and graphs within

LabVIEW basically display 3D data as a series of intensities (colors) on a
2D graph. For true 3D graphing of the data, an analysis package such as HiQ
proves useful.

In this exercise, you will examine a LabVIEW application that generates a
set of test data, loads a notebook into HiQ programmatically, and ports the
data to HiQ for plotting. This LabVIEW application waits until it receives a
proper return code from HiQ before closing the HiQ notebook. This
exercises shows how you can seamlessly launch HiQ from a LabVIEW VI
and transfer data between the two applications.

Front Panel

Intenzity Pattern O atal
100-

] a0-
Launch Hill
BO-
40-
LIUIT 20-

D_I ]

o 20

1. Open thédata to HiQ VI in Basics2.llb . This VI has already been
built.

2. Show the block diagram.
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Block Diagram

1000000000000 00010

Creake [oEL] |
Diata Intenzity Pattern D atal

oooan Oo00oo00ooo0an

00

- Data Wectorl  JPlat_Datal
LR e— Hige—= I-Ili‘QH n Hig =—=
m D — =i

Launch Hild| ] |[Open Motebook| [Set Real Matris]  [Fun Senp]

Cloze Maoteboaok,

o =
= P
L'-Hil HilJ R eturn_Code object in the Hill notebook, to zee if it contains

The “While loop i this caze structure reads the value of the

1. Examine the block diagram. When examining the VIs in the diagram,

B
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use the LabVIEW Help Window to provide more information on each
VIs inputs and outputs.

The sequence structure at the top of the diagram creates a set of decaying
sinusoidal data using tl&reate Intensity DatasubVI and plots it on

the VI's intensity graph. Once the data is plotted, the While loop begins
to execute.

Whenever the Launch HiQ button is pressed, a series of VIs are executed
to communicate with HiQ. All of these VIs communicate to HiQ using
OLE (Object Linking and Embedding):

Launch HiQ VI (Communication»HiQ subpalette). This VI launches
the HiQ application. The Make HiQ Visible Boolean instructs
LabVIEW to show HiQ's front panel when it is launched.

Open NotebookVI (Communication»HiQ subpalette). This VI loads
a notebook into the HiQ application. The notebook for this exercise,
LV-HIQ.HiQ , has already been built, and should be in the same
directory aBasics2.lIb so that the notebook can be found.

The HiQ notebook contains several objects that will pass data between
HiQ and LabVIEW. First, the notebook contains a 2D array of
double-precision numbers (known in HiQ as a Real Matrix) called
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Data_Vector , which will accept the intensity data created in
LabVIEW. The notebook also contains a script (program) called
Plot_Data , which will plot the data in thBata_Vector object into

a 3D graph in HiQ. Finally, the notebook contains an 132 (integer) value
calledreturn_Code , which will be set to a predetermined value in HiQ
whenever LabVIEW is to close the notebook.

Hig ==

3

Set Real Matrix VI (Communication»HiQ subpalette). This VI takes
the 2D array of double-precision values from the sequence structure and
sends them to theata_Vector object in the HiQ notebook.

T
£

M
9]

Run Script VI (Communication»HiQ subpalette). This VI runs a

script located in an open HiQ notebook. In this case, the script that is run
isPlot_Data , which will take the data now in the HiGata_Vector

object and plot it on a 3D graph.

1

Get Integer VI (Communication»HiQ subpalette). Th&et Integer

VI retrieves an integer value from tReturn_Code object in the HIQ
notebook. This value is checked in a loop; if the value is non-negative,
the loop stops executing. Until that happens, this integer value is
checked every 100 ms.

E4

1

Close NotebookVl (Communication»HiQ subpalette). Once the
integer value fronReturn_Code is non-negative, the While loop stops
executing. The next function in lin€Jose Notebook unloads the
LV-HiQ notebook from HiQ.

Exit HIQ VI (Communication»HiQ subpalette). When run, this subVI
closes a HiQ program currently loaded into memory.

2. Switch to the front panel and run this VI. Once an intensity graph
appears, predsaunch HiQ to execute the data transfer between HiQ.
HiQ will launch, theLV-HiQ notebook will be loaded, and the data
created in LabVIEW will be plotted on a 3D graph. You may want to
maximize the HiQ window and notebook at this point, which should
appear similar to the one shown on the following page.

1

%
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3D Intensity Graph

Click the Play Button to Return to LahVIEW b Ii Return Code: -1

>

Play button

LabVIEW Basics Il Course Manual

3.

o

Examine the HiQ notebook, using the HiQ scrollbars to look at various
parts of the notebook workspace. At the top of the notebook is the
Intensity Graph data, which has been transferred from LabVIEW and
plotted. Under the graph is tReturn_Code object, which currently
contains a value of -1. As you scroll further down the notebook, you will
see the raw data ported from LabVIEW (Dbe#a_Vector object), as

well as the script used to transfer the data to the 3D gPéghfata ).

You can view the 3D graph from different angles. Click and drag your
mouse cursor over the 3D graph and you will rotate the graph
accordingly. If you hold down <Ctrl> while click-dragging the mouse
cursor up and down, you can also zoom in and out of the graph.

Once finished, press the Play button on the HiQ worksheet. The
Return_Code object will momentarily contain a value of zero, and
then LabVIEW will close the HiQ notebook and application. If you
want, you may predsaunch HiQ again from the LabVIEW VI to
repeat the process.

With HiQ closed, press QUIT on tbata to HiQ VI to stop the
application. Close the VI without saving any changes.

End of Exercise 8-11
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Summary, Tips, and Tricks

* LabVIEW allows you to import images from popular graphic formats
onto your VI's front panel. LabVIEW also has decorations and attribute
nodes available to enhance front panels.

* You can customize front panel controls and indicators using the Control
Editor. A Type Definition is a custom control in which all instances of
the custom control have the same data type, but the appearance of the
control or indicator can be customized individually. A Strict Type
Definition is a custom control in which the data type and appearance of
the control is fixed, and changing the “master” changes all instances of
the control.

» Picture controls display the picture data type. You develop pictures
using an extensive library of drawing functions or by modifying the
examples.

* 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.

» Occurrences can be used to control separate, synchronous activities. In
particular, you use these functions when you want one part of a block
diagram to wait until another part of a block diagram finishes a task
without forcing LabVIEW to poll.

» Each copy of a reentrant VI in memory has its own data space. Calls to
reentrant VIs execute independently, without danger of sharing data
between copies of the VI. If you plan to call a VI that uses an
uninitialized shift register from more than one place in your application,
you should make that VI reentrant.

* You can use the CVI Function Panel Converter to convert CVI function
panels into LabVIEW Vis. This tool is extremely helpful when you need
instrument drivers that may be available in CVI, but not in LabVIEW.
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Additional Exercises

8-12 OperMoving Truck.vi . Modify the VI so the truck appears to move
across the road. Use the Control Editor to replace the slide pointer
with the truck graphic and the slide groove with the road graphic.
Save your VI when you are finished.
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Notes
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Notes
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This appendix contains the following sections of useful information for
LabVIEW users:

A. ASCII Character Code Equivalents Table
B. Additional Information
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A. 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 +
oC 014 12 FF 2C 054 44 ,
oD 015 13 CR 2D 055 45 -
OE 016 14 SO 2E 056 46
OF 017 15 Sl 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

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



Appendix

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 >
1F 037 31 us 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 h
49 111 73 I 69 151 105 i
4A 112 74 J 6A 152 106 i
4B 113 75 K 6B 153 107 k
4C 114 76 L 6C 154 108 I
4D 115 77 M 6D 155 109 m
4E 116 78 N 6E 156 110 n
4F 117 79 @] 6F 157 111 o
50 120 80 P 70 160 112 p
51 121 81 Q 71 161 113 q
52 122 82 R 72 162 114 r
53 123 83 S 73 163 115 s

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




Appendix

Hex Octal | Decimal| ASCII Hex Octal | Decimal| ASCII
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 7A 172 122 z
5B 133 91 [ 7B 173 123 {
5C 134 92 \ 7C 174 124 |
5D 135 93 ] 7D 175 125 }
5E 136 94 N T7E 176 126 ~
5F 137 95 _ 7F 177 127 DEL
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B. Additional Information

Application Notes
Many LabVIEW application notes are available. You can request these notes
from National Instruments or access them from the LabVIEW bulletin
board. Although some application notes may pertain to LabVIEW for
Macintosh, they also apply to LabVIEW for Windows. Contact National
Instruments for more information about application notes.

Instrument Driver Library
The LabVIEW Instrument Driver Library contains VIs for more than 600
GPIB, serial, and VXlbus instruments. These drivers come with the
LabVIEW installation package. You can also request these instrument
drivers from National Instruments or access them from the LabVIEW web
site athttp://www.natinst.com
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National Instruments encourages you to comment on the documentation supplied with our products. This information
helps us provide quality products to meet your needs.
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What needs to be added to the course to make it better?

Are there others at your company who have training needs? Please list.

Do you have other training needs that we could assist you with?

How did you hear about this cours&? National Instruments web sitél National Instruments Sales Representative
0 Mailing 0O Co-worker O Other







Customer Education Student Profile

Name Title

Company Mail Stop

Mailing Address

City State/Province Country Zip
Telephone Fax

E-Mail

Date Event Location

Industry and Application Information

Which industry does your company primarily serve? (check only one)

O Automotive O Industrial systems - O Pharmaceutical
factory floor/integratol

0 Computer O Medical O Aero/avionics

0 Consumer products O Military/space 0 Semiconductor

O Electronics O Paper/pulp O ATE/automated test

O Graphics O Petrochemical/plasticc O Other

O Test, measurement,

and instrumentation

O Telecommunications

O

University/education

If you are currently a customer of National Instruments, please check the products you use:

O LabVIEW™

O LabWindows/CVI™

O BridgeVIEW™
O Lookout™

0 HIQ™

O ComponentWorks™

O VirtualBench™
O Measure™

Please check the operating system(s) you use:

O Windows 95
O Windows NT

O Windows 3.1
O Sun

Please check the bus architecture(s) you use:

O PC/XTIAT
0 PCMCIA

0 PCI
0 VME

What other products are of interest to you:

O LabVIEW

0 LabWindows/CVI
O BridgeVIEW

O Lookout

O HiQ

O ComponentWorks
O VirtualBench

U Measure

Tell Us About Your Applications

Number and type (AC, DC, thermocouple, and so on) of signals

DAQ
SCXI™
GPIB
VXI

I R B By |

O

Mac OS
O Concurrent PowerMay

0 Macintosh

DAQ
SCXI
GPIB
VXI

I Ry |

B B

I R I B |

Fieldbus™
IMAQ™ Vision
Serial

Motion control

HP-UX

DEC

Fieldbus
IMAQ Vision
Serial

Motion control

My systems are developed by In-house staff [0 System(s) integrator O consultant

System description




Which statements best describe your role in the purchase of instrumentation or data acquisition products?
O | set company standards. O | use a PC regularly in my instrumentation system.
O linfluence product purchases. O 1 develop virtual instrumentation applications.

O I evaluate and recommend software.

Which statement best describes your function in the company? (check only one)

O Education O Calibration O Government/legal O Production test

O Manufacturing/ O Engineering O Research/R&D/grad O Systems integrator/
automation management student hardware

0 Reseller/sales O Purchasing/contracts [ Software developer O Software consultant

O Service/repair O Student/co-op O Design 0 Compliance testing

Please Check Below for Free Product Information
Software Tools

O Instrupedia™/Windows (CD) — includes catalogue, software demaos, application notes, and more
O Software Showcase/Windows and Macintosh (CD) — Demos of entire software line
0 DAQ Designer™/Windows (3.5 in.) — DAQ system integration tool

Catalogues and Newsletters

O Measurement and Automation Catalogue O Automation View™hewsletter
0 VXI Product Solutions Guide Third-Party Solution CD

0 Academic Catalogue O NI Newse-mail newsletter

O

O Instrumentation Newsletter™

Industry-specific Literature

(|

O Aerospace O Semiconductor O Analytical chemistry Industrial automation

O

0 Telecommunications O Vibration/acoustics Education 00 Laboratory automation

O

O Automotive O Physiology Test and measuremet

Product Literature (check up to three)

O LabWindows/CVI O Analysis 0 GPIB 0 PXI™

0 ComponentWorks 0 HIQ O GPIB chip kit 0 IMAQ

0 TestStand™ O Measure 0 HS488™ O Customer education

0 LabVIEW Add-On 0 LabVIEW O Virtual instrumentatior [0 Computer-based
Toolkit pack productivity study software instruments

O BridgeVIEW O DAQ O VXI 0 SCXI signal

0 Lookout [0 Low-cost DAQ 0 VME conditioning

Additional Literature
O NI Global Services 0 LabVIEW Technical Resource Subscription Card
O Customer Education Course Schedule

7NAT|0NA|. 11500 North Mopac Expressway Austin, TX 78759-3504
"INSTRUMENTSW Tel: 512-794-0100, (800) 433-3488 Fax: 512-683-9300
info@natinst.come www.natinst.com
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