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Limited Warranty

The media on which you receive National Instruments software are warranted not to fail to execute

programming instructions, due to defects in materials and workmanship, for a period of 90 days from

date of shipment, as evidenced by receipts or other documentation. National Instruments will, at its

option, repair or replace software media that do not execute programming instructions if National
Instruments receives notice of Such defects during the warranty period. National Instruments does

not warrant that the operation of the software shall be uninterrupted or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly

marked on the outside of the package before any equipment will be accepted for warranty work.

National Instruments will pay the shipping costs of returning to the owner parts which are covered

by warranty.

National Instruments believes that the information in this manual is accurate. The document has

been carefully reviewed for technical accuracy. In the event that technical or typographical errors

exist, National Instruments reserves the right to make changes to subsequent editions of this

document without prior notice to holders of this edition. The reader should consult National

Instruments if errors are suspected. In no event shall National Instruments be liable for any damages
arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN , NATIONAL INSTRUMENTS MAKES NO WARRANTIES,

EXPRESS OR IMPLIED, AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. CUSTOMER'S RIGHT

TO RECOVER DAMAGES CAUSED BY FAULT OR NEGLIGENCE ON THE PART OF

NATIONAL INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT THERETOFORE PAID

BY THE CUSTOMER. NATIONAL INSTRUMENTS WILL NOT BE LIABLE FOR DAMAGES

RESULTING FROM LOSS OF DATA, PROFITS, USE OF PRODUCTS , OR INCIDENTAL OR

CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY THEREOF. This

limitation of the liability of National Instruments will apply regardless of the form of action, whether

in contract or tort, including negligence. Any action against National Instruments must be brought

within one year after the cause of action accrues. National Instruments shall not be liable for any

delay in performance due to causes beyond its reasonable control. The warranty provided herein
does not cover damages, defects, malfunctions, or service failures caused by owner's failure to

follow the National Instruments installation, operation, or maintenance instructions; owner's

modification of the product; owner's abuse, misuse, or negligent acts; and power failure or surges,

fire, flood, accident, actions of third parties, or other events outside reasonable control.
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Copyright -

Under the copyright laws, this publication may not be reproduced or transmitted in any form,

electronic or mechanical, including photocopying, recording, storing in an information retrieval
system, or translating, in whole or in part, without the prior written consent of National Instruments

Corporation.

'Il‘ademarks

LabVIEW® is a trademark of National Instruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.

Warning Regarding Medical and Clinical Use
of National Instruments Products

National Instruments products are not designed with components and testing intended to ensure a

level of reliability suitable for use in treatment and diagnosis of humans. Applications of National

Instruments products involving medical or clinical treatment can create a potential for accidental

injury caused by product failure, or by errors on the part of the user or application designer. Any use

or application of National Instruments products for or involving medical or clinical treatment must

be performed by properly trained and qualified medical personnel, and all traditional medical

safeguards, equipment, and procedures that are appropriate in the particular situation to prevent

serious injury or death should always continue to be used when National Instruments Products are

being used. National Instruments products are NOT intended to be a substitute for any form of

established process, procedure, or equipment used to monitor or safeguard human health and safety
in medical or clinical treatment.
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   About This Manual '

The LabVIEWfor Windows User Manual discusses how to create, edit,

and execute virtual instruments (VIs) using LabVIEW. This manual

explains the front panel and block diagram; numeric, Boolean, string,

array and cluster controls and indicators; graphs and charts; and wiring
the block diagram.

You should read the LabVIEW release notes and your tutorial manual

before you use the LabVIEWfor Windows User Manual.

Organization of This Manual

This manual covers three subject areas. Chapters 1 through 3 introduce

basic LabVIEW ideas. Chapters 4 througth explain how to use front

panel objects. Chapters 11 through 19 explain block diagram

programming objects and techniques.

LabVIEW Basics

0 Chapter 1, Introduction to LabVIEW, discusses the unique

LabVIEW approach to programming. It also contains basic

information that explains how to start using LabVIEW to develop

programs, referring you to other Chapters or manuals for more
information.

- Chapter 2, Editing Vls, discusses editing techniques for the front

panel and the block diagram.

- Chapter 3, Executing Vls, discusses how to operate and debug Vls,

explains how to set up VIs and subVls for special execution modes,

and discusses factors that affect execution speed.
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About This Manual

Front Panel Objects

Chapter 4, Introduction to Front Panel Objects, introduces the front

panel and its two component parts, controls and indicators.

Chapter 5, Numeric Controls and Indicators, explains how to edit

and operate numeric controls and indicators.

Chapter 6, Boolean Controls and Indicators, discusses how to

create and operate Boolean controls and indicators.

Chapter 7, String and Table Controls and Indicators, discusses how

to use string controls and indicators, and the table.

Chapter 8, Array and Cluster Controls and Indicators, describes

how to use LabVIEW arrays and clusters.

Chapter 9, Graph and Chart Indicators, describes how to create

and use graph and chart indicators.

Chapter 10, Path Controls and Refnums, describes how to use file

path controls and refnums.

Block Diagram Programming

Chapter 11, Introduction to the Block Diagram, describes nodes,

terminals, and wires—the elements you use to build a block diagram.

Chapter 12, Wiring the Block Diagram, explains how to wire the

block diagram, which is the VI program, and how to debug
nonexecutable Vls.

Chapter 13, Structures, describes how to use the For Loop, While
Loop, Case, and Sequence structures.

Chapter 14, The Formula Node, describes how to use the Formula

Node to execute mathematical formulas on the block diagram.

Chapter 15, Attribute Nodes, describes how to use Attribute Nodes

to set and read attributes of front panel controls programmatically

Chapter 16, Global and Local Variables, describes how to define

and use global and local variables.

Chapter 17, File Vls, describes the utility V15 that perform high-
and intermediate-level file l/O operations.

LabVlEWfor .Windows User Manual xviii © National Instruments Corporation

DEFS 00031609

Page 22 of 460



Page 23 of 460

About This Manual

- Chapter 18, Error Handler Vls, describes a set of VIs for managing

and reporting errors.

- Chapter 19, VI Setup Options, lists the VI setup options you can use

to create special effects in your VIs.

Appendices, Glossary, and Index.

- Appendix A, Data Storage Formats, discusses the formats in which
LabVIEW saves data.

- Appendix B, Error Codes, contains tables of numerical error codes
drawn from the entire LabVIEW documentation set.

- Appendix C, Customer Communication, contains forms you can

use to request help from National Instruments or to comment on our

products and manuals.

. The Glossary contains an alphabetical list and description of terms
used in this manual.

- The Index contains an alphabetical list of key terms and topics in

this manual, including the page where you can find each one.

Conventions Used in This Manual

The following conventions are used in this manual:

bold _ Bold text denotes parameter names, menus, menu

items, or dialog box buttons or options.

italic Italic text denotes emphasis, a cross reference, or

an introduction to a key concept.

bold italic Bold italic text denotes a note, caution, or

warning.

mono space Monospace font denotes text or characters that

you enter using the keyboard. File names,

directory names, drive names, sections of code, .

programming examples, syntax examples, and

messages and responses that the computer

automatically prints to the screen also appear in
this font. ‘
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<> Angle brackets enclose the name of a key on the
keyboard—for example, <f>.

- A hyphen between two or more key names

enclosed in angle brackets denotes that you hold

down the first key while you press the next

key(s)—for example, <shift-enter>.

A
Warning: This icon to the left ofbold italicized text denotes

a warning, which alerts you to the possibility of
damage to you or your equipment.

&
Caution: This icon to the left ofbold italicized text denotes

a caution, which alerts you to the possibility of

data loss or a system crash.

Note: This icon to the left ofbold italicized text denotes

a note, which alerts you to important

information.

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and

terms are listed in the Glossaty.

Customer Communication
 

National Instruments wants to receive your comments on our products

and manuals. We are interested in the applications you develop with our

products, and we want to help if you have problems with them. To make

it easy for you to contact us, this manual contains comment and

configuration forms for you to complete. These forms are in Appendix C,
Customer Communication, at the end of this manual.
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 Introduction to LabVIEW

This chapter discusses the unique LabVIEW approach to programming.

It also contains basic information that explains how to start using

LabVIEW to develop programs. The chapter refers you to other chapters

or manuals for more information. Please read the LabVIEW release notes
and your tutorial manual before you use the LabVIEWfor Windows User
Manual.

What Is LabVIEW? 

LabVIEW is a program development application, much like C or

BASIC, or National Instruments LabWindows. However, LabVIEW is

different from those applications in one important respect. Other

programming systems use text-based languages to create lines of code,

while LabVIEW uses a graphical programming language, G, to create

programs in block diagram form.

LabVIEW, like C or BASIC, is a general-purpose programming system

with extensive libraries of functions and subroutines for any

programming task. LabVIEW also contains application—specific libraries

for data acquisition, GPlB and serial instrument control, data'analysis,

data presentation, and data storage. LabVIEW also includes

conventional program development tools, so you can set breakpoints,

animate the execution to see how data passes through the program, and

single—step through the program to make debugging and program

development easier.

How Does LabVIEW Work? 

LabVIEW is a general-purpose programming system, but it also includes

libraries of functions and development tools designed specifically for
data acquisition and instrument control. LabVIEW programs are called

virtual instruments (Vls) because their appearance and operation imitate

actual instruments. However, they are identical to functions from
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conventional language programs. VIs have an interactive user interface,

a source code equivalent, and accept parameters from higher level VIs.
These three VI features are discussed below.

- The interactive user interface of a VI is called the front panel ,

because it simulates the panel of a physical instrument. The front

panel can contain knobs, push buttons, graphs, and other controls

and indicators. You input data using a mouse and keyboard, and

then view the results on the computer screen.

' The VI receives instructions from a block diagram,>whjch you

construct in G. The block diagram is a pictorial solution to a

programming problem. The block diagram is also the source code
for the VI.

- VIs are hierarchical and modular. You can use them as top-level

programs. or as subprograms within other programs or

subprograms. A VI within another VI is called a subVI. The icon

and connector of a VI work like a graphical parameter list so that

other VIs can pass data to a subVl.

With these features, LabVIEW promotes and adheres to the concept of

modular programming. You divide an application into a series of tasks,

which you can divide again until a complicated application becomes a

series of simple subtasks. You build a VI to accomplish each subtask and

then combine those VIs on another block diagram to accomplish the

larger task. Finally, your top-level VI contains a collection of subVIs that

represent application functions.

Because you can execute each subVI by itself, apart from the rest of the

application, debugging is much easier. Furthermore. many low—level

subVIs often perform tasks common to several applications, so that you

» can develop a specialized set of subVIs well—suited to applications you

are likely to construct.

The next sections further explain the front panel, block diagram, icon,

connector, and other related features.
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Front Panel

The user interface of a V1 is the same as the user interface of a physical

instrument—the front panel. A front panel of a V] might look like the

following illustration.

 
The Panel window displays the front panel of a VI. The front panel is

primarily a combination of controls and indicators. Controls simulate

instrument input devices and supply data to the block diagram of the VI.

Indicators simulate instrument output devices that display data acquired

or generated by the block diagram of the VI.

You add controls and indicators to the front panel by selecting them from

the Controls menu at the top of the Panel window. You can change the

size, shape, and position of an object. In addition, each object contains a

pop-up menu with which you can change object attributes. You access

this pop—up menu by clicking with the right hand mouse button on the

object.

Read Chapter 2, Editing V15, then see the Fron't Panel Objects section of

this manual (Chapters 4 through 10) for information on building a front

panel.
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Block Diagram

The Diagram window holds the block diagram of the VI, the graphical

source code of a LabVIEW VI. You construct the block diagram by

wiring together objects that send or receive data, perform specific

functions, and control the flow of execution.

The following simple VI computes the sum of and difference between

two numbers. The diagram shows several primary block diagram

program objects-nodes, terminals, and wires.

f ' addsubVl Diagram .
r File Edit Operate Functions Windows ch‘l

 
When you place a control or indicator on the front panel, LabVIEW

places a corresponding terminal on the block diagram. You cannot delete

a terminal that belongs to a control or indicator. The terminal disappears

only when you delete its control or indicator.

The Add and Subtract function icons also have terminals. Think of

terminals as entry and-exit ports. Data that you enter into the controls (a

and b) exits the front panel through the control terminals on the block

diagram. The data then enters the Add and Subtract functions. When the

Add and Subtract functions complete their internal calculations, they
produce new data values at their exit terminals. The data flows to the

indicator terminals and reenters the front panel where it is displayed.
The data exits from a source terminal and enters a destination or sink

terminal.

Nodes are program execution elements. They are analogous to

statements, operators, functions, and subroutines in conventional

programming languages. The Add and Subtract functions are one type of

node. LabVlEW has an extensive library of functions for math,

comparison, conversion, I/O, and more. Another type of node is a

structure. Structures, similar to loops and case statements in traditional
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programing languages, repeatedly or conditionally execute code.

LabVIEW also has special nodes for linking to external text-based code

and for evaluating text-based formulas.

Wires are the data paths between source and sink temiinals. You cannot

wire a source terminal to another source or a sink terminal to another

sink, but you can wire one source to several sinks. Each wire has a

different style or color, depending on the data type that flows through the

wire. The previous example shows the wire style for a numeric scalar

value—a thin, solid line.

The principle that governs LabVIEW program execution is called data

flow. Stated simply, a node executes only when data arrives at all its input

terminals; the node supplies data to all of its output terminals when it

finishes executing; and the data passes immediately from source to sink

(or destination) terminals. Data flow contrasts with the control flow

method of executing a conventional program, in which instructions are

executed in the sequence in which they are written. Control flow
execution is instruction driven. Dataflow execution is data driven or data

dependent.

See the Block Diagram Programming part of this manual (Chapters 11

through 19) for in-depth information on using block diagram objects to
build a program.

Icon and Connector

When your VI operates as a subVI (the LabVIEWanalog of a subroutine)

inside another V], the controls and indicators receive data from and

return data to the calling VI.

The icon represents a VI in the block diagram of another VI.-The

connector is a set of terminals that correspond to the subVI controls and

indicators. The icon can be the pictorial representation of the purpose of

the VI, or it can be a textual description of the VI or its terminals.

The connector is much like the parameter list of a function call; the

connector terminals act like parameters. Each terminal corresponds to a

particular control or indicator on the front panel. A connector receives

data at its input terminals and passes the data to the subVl code via the

subVI controls, or receives the results at its output terminals from the
subVI indicators.
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Every VI has a default icon, which is displayed in the icon pane in the

upper right comer of the Panel and Diagram windows. The default icon

is a blank frame, as shown in the following illustration.

Untitled 1

 
pane

Every VI also has a connector, which you access by choosing Show

Connector from the Panel icon pane pop-up menu. When you show the

connector for the first time, LabVIEW suggests a connector pattern. You

can select a different pattern if you want. The connector generally has

one terminal for each control or indicator on the front panel. You can

assign up to 20 terminals. You can leave terminals unconnected, then

connect them later without invalidating old Vls.

These topics are more fully discussed in Chapter 2, Editing VIS.

Introduction tothe LabVIEW Development System’ 

This section explains basic features of the LabVIEW development

system, such as menus, tools, 'windows and modes, and explains how to
load, print, and save VIs. Subsequent chapters explain how to use

LabVIEW VI editing and operating features.

Using LabVIEW Menus

LabVIEW uses menus extensively. The menu bar at the top of a V]

window contains several pull-down menus. When you click on a menu

bar item, a menu appears below the bar. The pull-down menus contain

items common to many applications, such as Open, Save, Copy, and

,Paste, and many others particular to LabVIEW. Many menus also list

shortcut key combinations for you to use if you choose.

The LabVIEW menu you will use most often is the object pop—up menu.

Virtually every LabVIEW object, as well as empty front panel and block

diagram space, has a pop-up menu of options and commands.

Instructions throughout the manual suggest that you select a command or
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option from an object pop-up menu. Your LabVIEW tutorial manual

explains popping up in more detail.

Menu items that expand into submenus are hierarchical menus and are

denoted by a right arrowhead, as shown in the following illustration.

 Change to Control
Find Terminal
Show )

Data Operations )
Create attribute Node

  
 
 

   

 

   

' D
  

' it Scale
 

 
 

St le . b
‘ Mappinm : DJLinear

Grid Style )
{new tit

'lrunsrmse firms;
Stack Plots

Chart Histor len,
  
 

Ih...
  

Hierarchical menus sometimes have a selection of mutually exclusive

options. The currently selected option is denoted by a check mark, as

with the Linear option in the" preceding illustration.

The Representation menu shown in the following illustration is an

example of a palette menu, which uses icons to represent options. Notice
that the currently selected option in a palette menu is framed or

highlighted.

 Change to Indicator
Find Terminal .

Show D,.............. 5
Data Operations )2: ' ‘
Create Httribute Node

Replace DBL set
......................................................................................... ‘ ..~ E

Representation

Data Range...
Format t‘r Precision".. :3

  
  

 
 

 
 

  
  

  

 

 fig:
Hdapt To Source

Menu items leading to dialog boxes are denoted by ellipses, as in Data

Range... above.
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Menu items without right arrowheads or ellipses are usually commands

that execute immediately when selected. A command usually appears in

verb form, such as Change To Indicator. When selected, many
commands are replaced in the menu by their inverse commands. For

example, after you choose Change To Indicator, the selection becomes

Change To Control.

Diagram and Panel Windows

Each VI has two separate but related windows. The Panel window

contains the front panel of your VI. The Diagram is the window in which

you- build your block diagram. You can switch between windows with

the Show Panel/Show Diagram command in the Windows menu. You

can also position them side—by—side with the Tile command, also in the
Windows menu.

Edit and Run Modes

A V1 is either in edit mode, in which you can create or change a VI, or

run. mode, in which you can execute a VI. You cannot edit a VI in run
mode.

In edit mode, the editing tools become available on the edit mode palette
below the window menu bar, as shown below. See the Tools section of

this chapter for more information.

 
When 'you are ready to test the VI, click on the mode button or select

Change to Run Mode from the Operate menu. This compiles your VI

and puts the VI in run mode. At this point you can set debugging options,

run the VI, place the VI in continuous run mode, or print data. If you just

want to run the VI from edit mode without setting other options in the run

mode palette, click on the run arrow. If necessary, LabVlEW compiles
the VI first, then switches the VI to run mode, runs the VI, and switches
back to edit mode aftcr the VI has run.

mode button

(in edit mode)
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The run mode palette is shown in the following illustration. In run mode,

various debugging options become available. Refer to Chapter 3.

Executing VIs, for more information on debugging options.

 

E- If you want to switch to edit mode from run mode, click on the mode
‘ button or select Change to Edit Mode from the Operate menu. If you

mode button run the VI from run mode, the V1 is still in run mode after executing.
(in run mode)

Tools

A tool is a special operating mode of the mouse cursor. You use tools to

perform specific editing functions.

The Operating tool, shown at left, operates front panel controls (and

indicators in edit mode). This is the only tool available in run mode.

The Positioning tool, shown at left, selects, moves, and resizes objects.

The Labeling tool, shown at left, creates and edits text labels.

The Wiring tool, shown at left, wires objects together on the block

diagram and assigns controls and indicators on the front panel to
terminals on the VI connector.

The Coloring tool, shown at left, colors various objects and backgrounds.

E@fllfl
You change tools by clicking on the tool icon you want in the edit mode

palette, or by pressing the tab key, which selects the next tool in

sequence. You can also press the space bar to toggle between the

Operating tool and the Positioning tool when the Panel window is active,

and between the Wiring tool and the Positioning tool when the Diagram
window is active.

Help Window

The LabVIEW Help window offers help information for functions,

constants, subVIs, and controls and indicators. To display the window,

choose Show Help Window from the Windows menu. You can move

the Help window.
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When you move a tool onto a function, a subVI node, or a VI icon

(including the icon of the VI you have open, at the top right of the VI

window), the Help window shows the icon for the function or subVI with

wires of the appropriate data type attached to each terminal. Input wires

point to the left, and output wires point to the right. Terminal names

appear beside each wire. If the VI has a description associated with it,

this description is also displayed. VI descriptions are entered in the

GetInfo dialog for the VI.

If you do not have to wire a function input, the default value LabVIEW .
appears in parentheses next to the name. If the function can accept

multiple data types, the Help window shows the most common type.

The terminal names for subVI nodes are the labels of the corresponding
front panel controls and indicators. All subVI node inputs are optional,

and the default value does not automatically appear in the wiring

diagram. It is a good idea, however, to include the default value in

parentheses in the name of controls when you create a subVI.

When you move a tool over a universal constant, the Help window

displays the constant's value.

When you move a tool over a control or indicator, the Help window

displays the description for that particular control or indicator.

When you place a tool over a wire, the Help window displays the data

type carried by that wire.

If you hold a tool on a V1 icon in a VI palette for a few moments, the Help

window will display help for that VI. The delay is updating the help

window from a VI palette is to avoid slowing down LabVIEW when you

do not need help in selecting which VI you want to use.

To close the Help window, click on its close box. See the Online Helpfor

Constants, Functions, and SubV] Modes section of Chapter 11,

Introduction to the Block Diagram, for more information on Help.

Printing VIs

You can print the front panel, block diagram, or other selected

components of the current V] by choosing Print... from the File menu.

You can also set up a VI to print its front panel at the end of execution

(programmatic printing), as explained in the Printing Programmatically

section in Chapter 3, Executing VIs.

LabVIEWfor Windows User Manual 1 10 ©National Instruments Corporation

DEFS 00031623

Page 36 of460



Page 37 of 460

Chapter 1 Introduction to LobVIEW

To print a V1, make it the active window by clicking on its front panel or

block diagram. Choose Print... from the File menu. Click on OK to print

the VI according to the settings in Page Layout. Click on Cancel to

return to the VI without printing.

To select printing options, choose Page Layout... from the File menu.

The following dialog box appears.

Page Layout

E Print Header

E Print Hierarchy

Print Connector Pane and Description

E Print Front Panel

El Page Break Before Front Panel

Print Block Diagram

[I Page Break Before Block Diagram

E Print Hidden Frames

I] Flepeat Frames Printed at Higher Level 
The following list describes what happens if you mark the check boxes

in the dialog box.

- Print Header prints the icon, VI name, page number, and date of

the last save at the top of each page.’

- Print Hierarchy prints a tree diagram of all Vls currently loaded

into memory. This tree diagram is similar to the one that appears

when you select Show Hierarchy from the Windows menu. Vls

and their subVls are connected by lines. The current V1 is

highlighted.
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. Print Connector Pane and Description prints the VI

icon/connector and the description entered in the Description

dialog box. '

- Print Front Panel prints the front panel of the VI.

— Page Break Before Front Panel prints the front panel on a
new page.

- Print Block Diagram prints the block diagram of the VI.

— Page Break Before Block Diagram prints the block diagram
on a new page.

— Print Hidden Frames prints all the cases and frames of Case

and Sequence structures in the block diagram of the VI. As

LabVlEW prints each structure, its underlying frames are also

primed, beginning with frame 0.

- Repeat Frames Printed at Higher Level may print subdiagrams

of a structure more than once. For example, if a block diagram

contains nested Sequence structures, LabVlEW prints the inner

Sequence structure subdiagram currently displayed on the block

diagram once when the entire block diagram is printed, once when

the outer Sequence structure is printed (because the inner sequence

structure is in one of the outer Sequence structure subdiagrams),

and once when the inner Sequence Structure is printed. If this

option is unchecked, each subdiagram prints only once.

Subdiagram O of a structure always prints first, regardless of which

subdiagram on the block diagram currently displays.

I
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Previewing a VI

Select Print Preview... to display selected VI components as they will

appear when printed, as shown in the following illustration.

' fffE’rint'. Preview .‘

addfieub
02l1519'3 1005 AM

Position in Hierarchy

El
Connector Pane

Cl

tonl ane
l- :I
WEE]
L II
533 E53]

Block Diagram

b ...i

9% 
Enhancing Printouts with Transparency and Decorations/Bitmaps

Controls in their standard configurations may not provide the kind of

printout that you want in certain situations. For example, you may not
want the shells of LabVIEW controls to be visible for reports, or you may

want to include graphics, such as company logos.

In most cases, you can set up a subVl for printing in the desired format,

as described in the section Printing Programmatically in Chapter 3,

Executing Vls. By making the shells of controls transparent with the

coloring tool, you can simplify the appearance of a front panel. The

graphical objects from the Decorations menu are also useful for visually

grouping objects. Finally, you can import bitmaps from paint programs

to customize the panel for printouts.
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Saving VIs

You save VIs through file dialog boxes that resemble dialog boxes in
other applications on your operating system. If you save Vls as

individual files, they must conform to the filenaming restrictions of your
operating system. To avoid these restrictions and save disk space, save
VIs in a compressed form in a file called a VI library. See the V]
Libraries section for more information.

LabVLEW references VIs by name. You cannot have more than one VI

or subVI with a given name in memory at one time. If you have two VIs
with the same name, LabVlEW will load the first VI it finds without

loading the other.

Save Options

You can save Vls with one of four save options in the File menu. Select

the Save option to save a new V1, specifying a name for the VI and its

destination in the disk hierarchy, or to save changes to an existing VI in
a location previously specified.

Select the Save As... option to rename the VI in memory and to save a
copy of the VI to disk. If you enter a new name for the VI, LabVlEW

does not overwrite the disk version of the original V1. If you do not

change the name of the VI in the dialog box, LabVlEW prompts you to
verify that you want to overwrite the original file.

When you select the Save A Copy As... option, LabVIEW saves a copy
of the VI in memory to disk under a different name, which you enter in

the dialog box. This does not affect the name of the VI in memory.

I Save with Options... brings up a dialog box in which you can choose to
save an entire VI hierarchy in memory to disk (the Save Entire

Hierarchy option) and optionally save the VI, or VIs, without a block

diagram to prevent further changes to the VI. You can save the VI, or

VIs, without the block diagram only if you select To New Location(s),

which prompts you with new location options. This forces you to make

a copy of the VI or Vls. If you select To Current Location(s),

LabVlEW does not prompt you to specify the location. To save a

specified VI or VIs to a single location without being interrupted by
multiple prompts, use To VI Library.

A
Caution: You cannot edit a VI after you save it without a block diagram. Always

make a copy of the original VI.
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Revert

You can use the Revert... option in the File menu to return to the last

saved version of the VI you are working on. A dialog box will appear to

confirm whether to discard any changes in the VI. '

VI Libraries

The VIs distributed with LabVIEW in the vi . l ib directory are

organized in VI libraries. These libraries appear as palettes in the

Functions menu. For instance, the analysis VIs are contained in library

files in a directory titled ANALYSIS: When you select GPlB from the

Functions menu, a submenu with two optiOns appears. When you select

an option from that submenu, a palette of VIs appears.

 

   
  
  
  

  
  
  

    

  
  
 

  

 
Functions,

Structs l? Constants
arithmetic

Trig Pr Log
Comparison
Conversion

String
flrrag t? Cluster
File l/O

Dialog 6* Date/lime
Miscellaneous
Ul
Dflll
GPIB
Picture

Note: Do not save your own VIs in the vi . lib directory. This directory is

updated by National Instruments as needed during new version

releases ofLabVIEW. Placing VIs in vi . l ib risks creating a conflict

duringfuture installations. Place VIs in . 1 ib directories adjacent to, ,

but not inside, the vi . lib directory instead.

In file dialog boxes, a VI library appears as a folder with an extension of

. 1 lb appended to the name, as shown in the following illustration.

 @ GSTRT.LLB'

I172) MWLLLB
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Libraries have the same load, save, and open capabilities as directories.

However, VI libraries are not directories; they are files. They cannot

contain other VI libraries or directories. Libraries contain compressed

versions of Vls. While compression and decompression time during

loads and saves varies depending on drive speed and computer speed, the

extra time libraries use is minimal, and the disk space they save is always

substantial. Another advantage for some platforms is that VIs saved in a

library are not bound by the operating system naming restrictions. VI

names can contain up to 3] characters, including spaces and the . vi

extension, and are not case sensitive. Also, libraries are more portable

among different platforms. The library name must conform to the

operating system filename restrictions.

You create a VI library by clicking on the New... button of the Save,

Save as..., or Save a Copy As... dialog box, as shown in the following
illustration.

File Dialog-+1 ,-;

_SERSUP.LLB
EANALYSIS
Croat: '
Cr GPIB
61:1 GSTHTLLB
Cl NETWORK
@ SERIALLLB
CI UTILITY

Name the VI 
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Enter the name of the new library in the dialog box that appears and
append an . 1 lb extension. Then click on the VI Library button. If you
do not include the . 11b extension, LabVIEW adds it.

, , New [Iirecturjir or VI Library—

Name of new directory or VI Library:

E xamplesJIb 
You can remove a file from a VI library using buttons in the dialog box

displayed by the Edit VI Library... Option of the File menu.

Accessing Your VI Library from the Functions

Menu

When you stan LabVIEW, the application looks in the LabVIEW

directory for directories ending in. l in . LabVIEW builds palette
menus for all VI libraries or directories inside of . lib directories. If you

want your Vls to appear in the Functions menu, create your own

directory ending in . lib, and place directories or VI libraries in that

directory. When you restart LabVIEW, it creates palettes for each of
these directories and VI libraries and adds them to the Functions menu.

LabVIEW arranges Vls alphabetically for directories. For VI libraries,

LabVIEW arranges Vls according to the layout you create with the Edit

VI Library... option in the File menu.

Your VIs must be in a directory or a V1 library within the . lib

directory. LabVIEW wil] not display an individual V] on a palette if it is

saved directly into the . l ib directory.
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Edit VI Library Dialog

You can use the Edit VI Library dialog box to edit the contents of a VI

library. You can selectively delete files from a VI library. You can also

define control and function palettes, and palette names, to use for menus

if the VI library is placed in a .lib library directory (see the Saving a
Custom Control and Adding a Custom Controls Menu sections of

Chapter 4, Introduction to Front Panel Objects, for more information).

When you define the palettes, you do not have to have all Vls and

controls visible in the palette; you can hide or show the Vls and controls

you .want. '

88 88
  

   -._‘ Edit [It libr'ar'g;.‘:

The Edit VI Library dialog box initially displays a list of the files in the

VI library. As you move through the list, the creation date and last

modification date for the selected file is shown at the bottom ofthe dialog
box.

‘ Edit VI Library ~

EDiIitalThermometerNi ‘ ' View
E Demo Send.vi .
3 Demo RBCBlVe-Vl Functions Menu Name
WmtekFGW
83 Demo Fluke 8840A.vi

B Temperature AnalysiSNi Controls Menu Name
83 Temperature Monitor.vi
BTemperature Contro|.vi
E Temperature System.vi
B Demo Voltage Readyi
El Fre - uen Res - onse.vi

Creation Date 03’21126 12:49 PM

Last Modified 02112127 10:08 AM

 
5 Icons at the left side of the list indicate the status of each file. The icon

shown at the left indicates that the file is visible in a palette. You can add

file visible a file to the palettes or remove it by using the Hide/Show button.
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The icon shown at the left indicates that the file is marked for deletion.

E You select and deselect files for deletion with the Delete/Restore buttons.
file marked Marked files are only deleted if you select the OK button.
for deletion

You can View the function palette menu (used in the Functions menu f0r

placing Vls and globals) or the control palette menu (used in the

Controls menu for placing custom controls and typedefs) .by using the

View popup menu.

Uiew J by Name
Function Menu

Control Menu 
If you select one of the palette menus, the list is replaced by an icon grid

showing the arrangement of the icons you've selected for visibility in the

palette menu. The menu name used for the palette is determined by the
Functions Menu Name and Controls Menu Name fields.

Editrlil‘zititirtilfiié';

v... .

.fi Functions Menu Name
V n A .

«A. ........ Getting Started .

RSI-51It”? TEMPI. Controls Menu Name
.nmm cm minty 

The Auto-Load option has two uses. if you are creating an application,

selecting Auto-Load controls which Vls open automatically when you

run the application.

If you launch LabVlEW with a command line option specifying a

particular library, selecting Auto-Load determines which Vls load

automatically.

r‘
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Configuring LabVIEW

The preferences dialog lets you configure a number ofdefault parameters

and customize LabVIEW. These options let you set up the application

memory, specify LabVIEW search paths, and change default options.

You access the preferences dialog by selecting Preferences... from the
Edit menu.

 
Preferences...

The dialog initially displays a set of preferences that let you configure

memory and disk space requirements. The pull-down menu at the top of

the dialog lets you select among the different categories of preferences.

Memory E‘r Disk 1" 

 

 

  
  

 
J Memory 6’ Disk

Paths

Display
Miscellaneous

Most of these options have a default value, which is initially displayed.

To change the default, deselect the Use Default check box and specify
the new value.

  Data Memory Size (KBytesl: 1394 [Z] Use Default

i
Data Memory Size [KBytesl: 1394 El Use Default
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How Preferences are Stored

You will not usually have to edit preference information manually, or
know its exact format, because the preferences dialog takes care of it for

you.

Preference information is stored in a LabVI EW . INI file in your

WINDOWS directory. The format for this file is similar to other . INI

files, such as the WIN. INI file. It begins with a section marker

[LabVIEW] . This is followed by van'able labels and their values, such

as to talMemS i ze = 5 O O O O 0 0. If a configuration value is not defined

in LABVIEW. INI, LabVIEW will check to see if there is a

[LabVIEW] section of your WIN. INI file, and if so, check for the

configuration value in that file.

Memory and Disk Preferences

You configure memory and disk space requirements using the following
page of the preferences dialog.

‘ » ' ,, - ,si Pir'eférencesfl '

Memory a Disk V

g Total Memory Size [KBytes]: 4098 Use Delault

Data Memory Size [KBytes]: 1 024 [Z] Use Default

Check available disk space during launch

Abort if less than (KBytesl: E) Use Default

Warn it less than (KBytesl‘ [Z] Use Delault

I elp messages for a control are displayed here when the mouse is placed over the 
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When you launch LabVIEW, it will allocate a block of memory of the

size selected for Total Memory Size. LabVIEW uses this memory for

all of its memory allocation. Of this number, some is reserved strictly for
use by the diagram for storing data. The rest is used by the application.

Data Memory Size specifies how much memory out of the total

available is allocated for storing data.

While it executes, LabVIEW maintains temporary files on disk. For

example, when you save a VI, LabVIEW first saves it into a temporary

file. If the save is successful, the original is replaced with the new file.

LabVIEW needs a fair amount of disk space for these operations. To

avoid problems, LabVLEW normally checks for disk space at launch

time. If you have less than 500 KB of disk space free, LabVIEW will

alert you and quit. If you have less than 2 MB available, LabVIEW will

‘ warn you, but continue. You can turn these warnings off or change the
levels at which they alert you using the options at the bottom of this

dialog.
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Path Preferences

You can specify the directories that LabVIEW searches when searching
for Vls as well as the paths LabVIEW uses for temporary files and the

library directory. Use the Paths page of the Preferences dialog.

Preferences

ouseoerauu

mm...—.........-................

: lnsmt Before i invertmws 
At the top of this dialog box is a poll—down menu you can use to select
the path you want to View or edit.

 J Library Directory

Temporary Directory

Default Directory
D! Search Path
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Initially, the controls in the middle of this dialog that let you edit a path
are grayed out. If you want to change one of these preferences, deselect
the Use Default check box. _

E Use Default—HZ] Use Default

Library, Temporary, and Default Directories

The Library Directory, Temporary Directory, and Default Directory

are single directories. When you edit one of these paths, you are given

options that let you type in a new path and replace the existing path, or

browse using the file dialog box to select a path.

path category
current value new value

Library Directory V I] Use Default

. out-'30" - - ‘- ~‘~="~‘

 
insmt iietwe insert fitter...:1........ _ , ,,, ,. .........: memvv», «cc .m.“ a.“ ,m 4... M5»

The library directory specifies the absolute pathname to the directory

containing vi.lib and any library directories you supply. The default is the

directory containing LabVIEW.

The temporary directory specifies the absolute pathname to the

directory for temporary files. The default is the directory containing
LabVIEW.

The default directory specifies the absolute pathname to the default

directory, which is the initial directory the File dialog box displays. The
Default Directory function also returns this value. The default is the

current working directory.
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VI Search Path

The V1 Search Path is the list of directories that LabVIEW searches when

looking for a VI, control, or external subroutine. When you edit the

search path, you are given more options than for the other paths—you

can add new items in specific locations, remove paths, and select from a

list of special paths.

Vi Search Path V D Use Default

<f0undvi>
( villb) \'

InsetlBe_Iore’ InlAselfler » 7

 
The list indicates paths that LabVIEW will search, in the order that

LabVIEW searches them. To add a new directory, you first need to

decide when LabVIEW should search that directory relative to the other

directories. Select an adjacent directory from the list. Then use either the

browse button, which displays a file dialog box, or the special pull-down

menu, which gives a list of special paths, to select the directory that

LabVIEW should search. You can also edit or enter this path in the string

control next to these options. Finally, use Insert Before, Insert After, or

Replace to add that option to the list.

Notice that when you select a path, LabVIEW normally searches that

directory, but not the directory ’s subdirectories. You can make the search

hierarchical by appending a * as a new path item. For example, to search

the directory C : \VI s\ recursively, you Would enter C : \VIs \ * as the

path.
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The special pull-down menu, shown in the following illustration, lets you
select from several special directories.

E]

 
 

 

  
mvilib)

<vilib> v

{tom-vi)

< [opt-vi) E‘ '
< foundvi)

< found'ari) 't‘

 

  
  

<vi lib> as a path entry is a symbolic path that refers to the vi . lib

directory inside of the Library Directory. < topvi > is a symbolic path
that refers to the directory containing the top level V]. < foundvi >

refers to a list of directories that LabVIEW creates when you open a VI.

If, during a search, you manually select a directory, that directory is

added to the list of foundvi directories. Use this symbolic path so that

if you move or rename a directory of VIs, and then open a calling VI, you

have to manually find that directory only once for that load.

You can also remove a path using the Remove button, which places the

removed path into the string box, in case you decide to re-insert it
elsewhere in the list.
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Display Preferences

You corifigure default colors from the display preferences dialog. You

can also configure LabVIEW to use smooth updates on all controls.

'- » Prefe rences

[:3 Front Panel C] Use Default Color:

:|Block Diagram

[:2 Scrollbar

ECoercion Dots

EMenu Teal

EMenu Background

[:1 Use smooth updates during drawing

I elp messages for a control are displayed here when the mouse is placed over the
vunlrol. . 

The Front Panel and Block Diagram colors are the default colors for

new windows. Thus, changing these parameters does not affect old Vls.

The Scrollbar color, Menu Bar colors, and Coercion Dots colors affect

all Vls that are currently open.

The Use smooth updates during drawing option lets you configure

LabVlEW to use offscreen drawing to smooth out displays. When
LabVlEW updates a control with smooth updates off, it erases the
controls contents and draws the new value. This can result in a noticeable

flicker as the old value is erased and replaced. Using smooth updates,

LabVlEW draws data to an offscreen buffer and then copies that image

to screen instead of erasing a section of the screen. This avoids the flicker

caused by erasing and drawing. However, it can slow performance and it

requires more application memory because an offscreen drawing buffer
has to be maintained.
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Miscellaneous Preferences

The miscellaneous page of the preferences dialog lets you configure

options for execution highlighting, configure waming levels for the error

box, edit a control using a double click, end text entry with an Enter key,
and turn Bitmap printing on by default.

Preferences? ,. .

Miscellaneous V

E] Show data bubble: during execution highlighting

.Auto probe during execution highlighting

E] Show warning: in error box

a: Warn «her: (which are parting}! hidden

E] Open the control editor with double click

E] End text entry with Return key [same a: Enter key]

I] Print using bitmaps

Help messages for a control are displayed here when the mouse is placed over the
control. 

- The default selection Show data bubbles during execution _

highlighting animates execution flow by drawing bubbles along the

wires. You may want to turn off this feature if it slows down performance
too much on your computer.

The default selection Auto probe during execution highlighting probes
scalar values automatically, drawing their values on the diagram. You

can turn off this feature if you find that it clutters the display.

The selection Show warnings in error box optionally displays wamings
in addition to errors. A warning does not mean that the V] is incorrect; it

just helps by pointing out a potential problem in your diagram. One of

the warnings alerts you that there are overlapping objects. You may want

to restrict this warning to wam only about objects that are completely
hidden.
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You normally access the control editor by selecting a control and then

selecting Edit Control from the'Edit menu. You can select Open the

control editor with double click so that double-clicking on a control

will open the control editor. By default, this option is turned off, because

the control editor is generally used only by advanced users.

When you enter data, the Enter key on the alphanumeric keyboard

embeds a newline in string controls. The Enter key on the numeric

keypad ends text entry. You can select End text entry with Return key

(same as Enter key) so that both keys function like the Enter key on the

numeric keypad, and end text entry. If you configure LabVIEW in this

manner, you can embed newlines by hitting <Ctrl-Enter>.

LabVlEW supports two modes of printing—bitmap printing and non-

bitrnap printing. Nonbitmap printing generally produces a higher

resolution printout. It usually requires less memory and produces

printouts faster than bitmap printing. However, due to font substitution

and the way that some printer drivers handle overlapping text and

graphics, it may not produce an image that looks exactly like what is on

the screen. Bitmap printing may produce a more accurate printout by

creating a bitmap image of the screen and sending it to the printer. Notice

that this can be more costly in terms of time and memory. Nonbitmap

printing is normally the default setting. You can optionally make bitmap

printing the default using the Print using bitmaps option.
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 Editing VIS

This chapter discusses editing techniques for the front panel and the

block diagram.

When you are familiar with these techniques, see the Block Diagram

Programming part of this manual (Chapters 11 through 18) for help11)

building block diagrams, and see the Front Panel Objects part (Chapters
.4 through 10) for information on building front panels. This chapter

concludes with a section explaining how to edit the icon and connector.

Creating Objects

Starting with an untitled Panel window, select an object from the
Controls menu.

  
 

 
 

 Controls

..::~'Numerlc
Boolean

String 0

Hrrag 0' Cluster 0 gram
Graph 0

Path 0' HefNum } 1o.o-‘ 1o.o-‘ 10.;30 1oo- momDecorations } H 3% :1.
Control...

 

 
    

  
   

  
  
 

 
100-

1;!2r «EmZ‘lI id'J‘r—‘II c-Zp 5.0 .0.0 100 00 100 00 10.00010.Il

«of-buogmcg100
 

The object appears in the panel window with a black or gray rectangle

representing a label. If you want to retain the label at this time, enter text
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from the keyboard. After you enter text into a label, any of the following
actions completes the entry:

. Press <Shift-Enter>.

- Press <Enter> on the numeric keypad.

- Click on the enter button in the tool palette.

- Click outside the label.

fiV“ ‘5 W Untutledl
File Edit Operate Controls Windows Text
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For the purposes of this discussion, place two more objects on the front

panel from the Controls menu. To move an overlapping object, click on

the object (not its label) with the Positioning tool and drag the object to
a new location. ' ‘

{a n _ Un'tmgd‘t ' «'fli}
file d_it Qperate Quntmls flindows 1e

Fre-uenc
F‘I’.

afiEE—‘Q-l 4.fella-e In ut 
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Select Show Diagram from the Windows menu to see the terminals of

the components you just placed in the Panel window. Move terminals so

that they do not overlap.

  
  

 
  
  

 
 
  

 lllindows'

Shownia'gram: _ .
Show Help window

Show Clipboard
Tile

Size To Screen

 

Show Ul Hierarchy
this iii's :1 letters >

this éié's {estates ?

i’

9

 

finenened seems

{Mommas tyne net's

«Untitled 1

Untitled 1 Diagram

 

Fair:V“ 'U‘mitIéd‘I Diagram;- i':;.. am}
_Eile _E_ditQperate Functions Windows _T_ext

Jolie 8 In-ut
[Elma 
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Selecting Objects 

You must select an item before you can manipulate it.

To select an object, click the mouse button while the Positioning tool is
on the object. When you select an object, LabVIEW surrounds it with a

moving dashed outline called a marquee.

Not Selected

Fre-uenc

Selected V 
To select more than one object, <shift>-Click on each additional object.
You can also deselect a selected object by <shift>—clicking on it.

Another way to select single or multiple objects is to drag a selection

rectangle around the object(s), as shown in the following illustration.

Click in an open area with the Positioning tool and drag diagonally until

all the objects you want to select lie within or are touched by the selection

rectangle that appears. When you release the mouse button, the selection

rectangle disappears, and'a marquee surrounds each selected object. You

can then move, copy, or delete the selected objects.

 
®

  III-[El £31.ng

‘*

atm- é-

5- a—
“ _ s ...........'..................................................................... +

You cannot select a front panel object and a block diagram object at the

same time. However, you can select more than one object on the same

front panel or block diagram.
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Clicking on an unselected object or clicking in an open area deselects

everything currently selected. <Shift>—clicking on an object selects or

deselects it without affecting other selected objects.

Moving Objects

You can move an object by clicking on it with the Positioning too] and

then dragging it to the desired location.

If you hold down the shift key and then drag an object, LabVIEW

restricts the direction of movement horizontally or vertically, depending

on which direction you first move the object.

You can move selected objects small, precise increments by pressing the

appropriate arrow key on the keyboard once for each pixel you want the

objects to move. Hold down the arrow keys to repeat the action.

If you change your mind about. moving an object while you are dragging,

continue to drag until the cursor is outside all open windows and the

dotted line disappears, then release the mouse button. This cancels the

move operation, and the object remains where it was. If your screen is

cluttered, the menu bar is a convenient and safe place to release the

mouse button when you want to cancel a move.

Duplicating Objects

To duplicate a LabVIEW object, select the object and choose Copy from

the Edit menu. Then click where you want to place the duplicate and

choose Paste. You can duplicate several objects at thesame time by -

dragging a selection marquee around the items before duplicating them.

Another method of duplicating an object is cloning, which is described

in detail in your tutorial manual.

You can duplicate most objects in LabVIEW. However, you cannot

duplicate front panel control and indicator terminals in the diagram

except by copying the associated front panel control or indicator, nor can

you copy parts that are attached to a particular object.
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Copying Objects between VIs or from Other Applications

You can copy and paste objects from one VI to another or copy or cut

pictures or text from other applications to LabVIEW by using the COpy,

Cut, and Paste commands from the Edit menu. These operations place
the copy on the Clipboard. When an object is on the Clipboard, you can

paste it into another part of the current VI, another VI, or another

application. Pictures pasted into LabVIEW from other applications have
their own pop-up menus just like other LabVIEW objects.

Deleting Objects 

To delete an object, select the object and choose Clear from the Edit

menu or press the backspace or delete key. Block diagram terminals for

front panel controls and indicators disappear only when you delete the

corresponding front panel controls or indicators.

Although you can delete most objects, you cannot delete control or

indicator components such as labels and digital displays. However, you

can hide these components by selecting Sh ow from the pop-up menu and

then deselecting the Label or Digital Display options.

Labeling Objects 

Labels are blocks of text that annotate components of front panels and

block diagrams. There are two kinds of labels: owned labels andfree

labels. Owned labels belong to and move with a particular object and

annotate that object only. You can hide these labels but you cannot copy

or delete them independently of their owners. Free labels are not attached

to any object, and you can create, move, or dispose of them

independently. Use them to annotate your panels and diagrams. You use

if: the Labeling tool, whose cursor is the l—beam and box cursor, to create

Labeling tool free labels or to edit either type of label.
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Creating Labels

enter button

Chapter 2

To create a free label, select the Labeling tool from the edit mode palette

and click anywhere in empty space.

 
hatter 704 Meter]

A small, bordered box appears with a text cursor at the left margin ready

to accept typed input. Type the text you want to appear in the label. The

enter button appears on the tool palette to remind you to end text entry

by clicking on the enter button, pressing <shift-enter>, pressing <enter>

on the numeric keypad, or clicking outside the label. If you do not type

any text in the label, the label disappears as soon as you click somewhere
else.

If you place a label on a control or indicator with moving parts, such as

a meter, it will slow down screen updates and make the control or

indicator flicker. To avoid this problem, do not overlap front panel

objects with a label.

You can also copy the text of a label by selecting it with the Labeling

tool. Double—click on the text with the Labeling tool or drag the Labeling

tool across the text to highlight it. When the text is selected, choose Copy

from the Edit menu to paste a copy of the text onto the Clipboard. Now

you can highlight the text of a second label and select Paste from the

Edit menu to replace the text in the second label with the text from the

Clipboard. To create a new label with the text from the Clipboard, click

on the screen with the Labeling too] where you want the new label

positioned, and select Paste from the Edit menu.

When you create a control or indicator on the front panel, a blank, owned

label accompanies it, awaiting input. The label disappears if you do not

enter text into it before clicking elsewhere with the mouse.
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To disPIay a hidden label, pop—up on the object and select Label from the

Show submenu of the pop-up menu, as shown below.

" —_—l

In Change to Indicator
Find Terminal

“:Sho'u} '- ,-_ -.

Data Operations
Create Httribute Node

Replace

Representation

Data Range...
Format 8 Precision...

 
  

 
  
  

 
 
 

 Unit Label

Rodin 

 

The bordered label appears, waiting for typed input. The label disappears

if you do not enter text into it before clicking outside the label.

Note: SubVIs do not have labels. They have names, which lookjust like

labels but which cannot be edited. Function labels, on the other hand,

are empty so thatyou can edit them to reflect the use ofthefunction in

the block diagram. For example, you can use the label ofan Add

function to document what quantities are being added, or why they are

being added at that point in the block diagram. See the note in the

Creating Descriptions section in this chapterfor related information.

Changing ‘Font, Style, Size, and Color of Text

You can change text attributes in LabVIEW using the options on the
Text menu. If you select objects or text and make a selection from this
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menu, the changes apply to everything selected. If nothing is selected,

the changes apply to the default font.

Justify

Color

 
The Apply Font menu lets you choose from one of three predefined font

styles, as well as the last font used. There are three fonts: Application,

System, and Dialog. Each of these font options has an associated menu

hotkey, so you can change fonts quickly.

 

 
 
 
 

 

1798!;
applyirfiii‘t   

  
 
  

application Font

System Font

Dialog Font

Current Font
..................................................................

Font Style...

The Apply Font menu also has a Font Style... option which displays a

dialog box for font selection. The dialog box is quicker than the menu if

you need to make several changes at once.
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Font Styfe

Font IPIain

El Bold

l:l Italic

l:l Undeline

El Strikeout

l:l Dutline

l:l Shadow

, Four score and seven years ago our forefathers brought forth

. upon this continent a new nation conceived in liberty and
dedicated to the proposition that all men are created equal. 

Any font selections made from the Text menu apply to all of the-objects -

in the current selection. If you select a new font while you have a knob

and a graph selected, the labels, scales, and digital displays all change to
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the new font. The following illustration shows a numeric and a Boolean

control being changed to the System font.

  
  

 

4 application Font
5.; System Font -, -' ' _ é’

Dialog Font

Current Font
................................................................

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

 

Justify

Color

 
Notice that as many font attributes as possible are preserved when you

make a change. If you change several objects to Courier font, they will

retainltheir size and styles if possible. In the same way, changing the size

of multiple text selections does not change the selections to the same

font. These rules do not apply if you make your changes with the Apply

Font menu, which changes the selected objects to have the selected font
and set of attributes.

When working with objects like slides, which have multiple pieces of

text, remember that text selections affect the objects or text currently

selected. If you select the slide and select Bold, then the scale, digital

display, and label all change to a bold font. If you select only the label,

then only the label changes to bold. If you select teXt from the scale, then
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scale markers, which must all have the same font, will change to bold as

shown in the following illustrations.

  
  

 
 

  
  

_ I
I ‘ l I
: A I _ I A

:10.0— g- ———> :Ew'm r7-
: 9.0— g l 9-0“ :I

: 5-0“ : flpplg Font D : 5'0' gI

: 4.0- E .................-................................. : 4.0- :I
r : 2.0— : PPM : 2-0“ '

I I Size I :
l 0.0—________ 5 1.9.1.]: _______ J

 ltafic
Underfine
Dutflne
Stfikeout
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Resizing Objects 

_.JJ

Resizing tool

You can change the size of most objects. When you move the Positioning

too] over a resizable object, resizing handles appear at the comers of the

object, as shown below.

 
When you pass the too] over a resizing handle, the cursor changes to the

Resizing (001. Click and drag this cursor until the dashed border outlines

the size you want, as shown in the following illustration.

command—trinq mommandstrin

HATT' TRI' FR44U; J]! EFATT' TRI FEM-10;]
.......................ME

  

To cancel a resizing operation, continue dragging the frame comer

outside the window until the dotted frame disappears. Then release the

mouse button. The object maintains its original size.

Some objects can grow horizontally or vertically only. The Resizing

cursor appears the same but the dotted grow outline will move in only

one direction. To restrict growth vertically or horizontally, or to maintain

the current proportions, hold down the shift key as you click and drag.
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Resizing Labels

Resize labels as you would other objects, using the resizing handles.

Labels normally autosize; that is, the box automatically resizes to contain

the text you enter. Label text remains on one line unless you enter a

carriage return or resize the label box. Choose Size to Text from the label

pop-up menu to turn autosizing back on.

Creating Descriptions

‘If you want to enter a description of a LabVIEW object, such as a control

or indicator, choose Description... from the Data Operations submenu

of the object’s pop—up menu. Enter the description in the dialog box

shown below and click OK to save it. LabVIEW displays this description

whenever you subsequently choose Description... from the object’s

pop-up menu.

nescnpuun

Description

- mbient tempetalme during calibration

 
Note‘: You cannot edit subVI descriptions from the calling VI diagram. You

"can edit a VI description through the Get Info... selection of the File

menu when the VI’s front'panel is open. Function description boxes

are blank so that you can describe the action taking place at each

occurrence of thatfunction on the block diagram.
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Coloring Objects 

LabVIEW appears on the screen in black and white, shades of gray, or

color depending on the capability of your monitor. You can change the

color of many LabVIEW objects, but not all of them. For example, block

diagram terminals of front panel objects and wires use color codes for the

type and representation of data they carry, so you cannot change them.

You cannot change colors in black and white mode.

To change the color of an object or the background screen, pop-up on it

with the Coloring tool, as shown at the left. The following palette appears
i l r.

Colonng tool 11 co 0

 Foreground: Background:-
fill for both Other kegs toggle

 
As you move through the palette while pressing the mouse button, the

object or background you are coloring redraws with the color the cursor

is currently touching. This gives you a preview of the object in the new

color. If you release the mouse button on a color, the object retains the

selected color. To cancel the coloring operation, move the cursor out of

the palette before releasing the mouse button.

. If you select the box with a Tin it, LabVIEW makes the object

transparent. With this feature, you can layer objects. For instance, you

can place invisible controls on top of indicators; or you can create
numeric controls without the standard three-dimensional container.

Transparency affects only the appearance of an object. The object

responds to mouse and key operations as usual.

Some objects have both a foreground and a background that you can

color separately. The foreground color of a knob, for example, is the

main dial area, and the background color is the base color of the raised

edge. The display at the bottom of the color selection box indicates

whether you are currently coloring the foreground, the background, or

both. A black border around a square indicates that you have selected that
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square. In the default setting, both the foreground and the background are
selected.

To change between foreground and background, you can press <f> for

foreground and <b> for background. Pressing <a> for all selects both

foreground and background. Pressing any other key also toggles the

selection between foreground and background. The selection does not

toggle until you move the coloring tool.

Selecting the More option from the coloring palette calls up a dialog box

with which you can customize the colors.

Foreground and Background:

 
Each of the three color components, red, green, and blue, describes eight

bits of a 24-bit color. Therefore, each component has a range of 0 to 255.

To change the value of a color component, you can double-click in that

color’s display and enter the new value, or click on the appropriate arrow

button to increment or decrement the current value. After entering the

new value, press the enter key on the numeric keypad to see the results

in the color rectangle. To alter one of the base colors, click on the color

rectangle and choose one of the selections. The component values for the

' selected color appear in each display.
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The last color you select from the palette becomes the current color.

Clicking on an object with the Coloring tool sets that object to the current
color.

You can also duplicate the color of one object and transfer it to a second

object without going through the color palette. <Ctr1>-click with the

Colon’ng tool on the object whose color you want to duplicate. The

Coloring tool appears as an eye dropper and takes on the color of the

selected object. Now you can click on another object with the Coloring

tool, and that object becomes the color you chose.

Aligning and Distributing Objects 

EabVIEW has an automatic alignment mechanism, which is available

through the Alignment, Distribution, Align, and Distribute items in the
Edit menu.

Aligning Objects

Select the objects you want to align and choose the axis along which you
want to align them from Alignment in the Edit menu.

 

 

  
 

 

i"-

 

Bemoue Bad wires
Panel Order...

'filinment" '

fllign
Distribution tr
Distribute

  
 

 Left Ed es
 

  
  

  

Move Forward
Move Backward
Move To Front
Move To Back

©National Instruments Corporation

DEFS 00031660

Page 73 of 460



Page 74 of 460

Chapter 2 ‘ Editing VIs

Choosing Align from the Edit menu uses the same axis for subsequent

alignments.

Distributing Objects

To evenly distribute objects, select the objects you want to distribute and
choose the axis along which you want to distribute them from
Distribution in the Edit menu.

  
 
 

  

Hemoue Bad wires
Panel Order.

alignment
Bli-In

Distribution

DIstribute -..“.

Move Forward
Move Backward
Move To Front
Move To Back 

Choosing Distribute from the Edit menu uses the same axis for

subsequent distnbutions.
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Moving Objects To Front, To Back, Forward, and
Backward
 

You can place objects on top of other objects. LabVIEW has several

commands in the Edit menu to move them relative to each other.

For example, assume you have three objects stacked on top of each other.

Object l is on the bottom of the stack and object 3 is on top.

 
Move To Front moves the selected object in the stack to the top. If
object 1 is selected, then object 1 moves to the top of the stack, with

object 3 under it, and object 2 on the bottom.

 
Ifobject 2 is then selected, Move To Front changes the order to object 2
on top, object 1 under it, and object 3 on the bottom.

 
Move Forward moves the selected object one position higher in the

. stack. So starting with the original order of object 1 on the bottom of the
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stack and object 3 on top, selecting this option for object 1 puts object 2

on the bottom, object 3 on the top, and object 1 in the middle.

  
Move To Back and Move Backward work similarly to Move To Front

and Move Forward except that they move items down the stack rather

than up. ‘

Documenting VIs with the Get Info... Option

Selecting Get Info... from the File menu displays the information dialog

box for the current VI. You can use the information dialog box to

perform the following functions.

- Enter a description of the VI. The description window has a '

scrollbar so you can edit or view lengthy descriptions.

- Lock or unlock the VI. You can execute but not edit a locked VI.

- See a list of changes made to the VI since you last saved it.

. View the path of the VI.

- See how much memory the VI uses. The Size portion of the

information box displays the disk and system memory used by the

VI,(This figure applies only to the amount of memory the V1 is

using and does not reflect the memory used by any of its subVIs.)

The memory usage is divided into space required for the front panel

and the block diagram, VI code, and data space. The memory usage

can vary widely, especially as you edit and execute the VI. The

block diagram usually requires the most memory. When you are not

editing the diagram, save the VI and close the Diagram window to

free space for more VIs. Saving and closing subVI panels also' frees
memory.
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Icon and Connector 

To call your VI from the block diagram of another VI, you must create

an icon and connector for it. The icon is the graphical name of the VI,

and the connector assigns controls and indicators to input and output VI

terminals. This section explains how to create and edit a _VI icon and
' connector.

Creating the Icon

To create an icon, make sure you are in edit mode. Either double-click on

the icon, or pop up on the blank icon in the top right corner of the Panel
window and select Edit Icon.

Show Connector ‘ '
Edit Icon - ' 

The following window appears.

Icon Editor . .

Black & White Copy from

El
18 Colors

258 Colors “

D If:iii}

You use the tools at the left of the window to create the icon design in the

fat pixel editing area. The normal-size image 'of the icon appears in one

of the boxes to the right of the editing area.

 
Depending on the type of monitor you are using, you can design a

separale icon for display in monochrome, lfi-color, and 256-color mode.
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You design and save each icon version separately. The editor defaults to

Black & White, but you can click on one of the other color options to

switch. You can copy from a color icon to a black and White icon, and

from black and white to color as well by using the Copy from buttons at

the right. ‘

Note: Ifyou design a color icon only, it will not show up in a palette menu of

the Functions menu ifyou place the VI in the vi . l ib directory, nor

will it be printed out or show up on a black and white monitor.

LabVIEW uses the blank black and white icon in these cases, and the

VI will appear to have a blank icon.

The tool icons to the left of the editing area perform the following
functions.

pencil Draws and erases pixel by pixel. Use the shift

key to restrict drawing to horizontal and
vertical lines.

line Draws straight lines. Use the shift key to

restrict drawing to horizontal, vertical, and

diagonal lines.

dropper Selects the foreground color from an element

in the icon. Use the shift key to select the

background color with the dropper.

fill bucket ‘ Fills an outlined area with the foreground
color.

rectangle Draws a rectangular border in the foreground
color. Double-click on this tool to frame the

icon in the foreground color.

filled rectangle Draws a rectangle bordered with the

foreground color and filled with the

background color. Double click to frame the

icon in the foreground color and fill it with

the background color.

 

. '1. select Selects an area of the icon for moving,L _ J .

cloning, or other changes. You can select an

entire icon for copying and pasting into
another V1 with this tool.
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text Enters text into the icon. You can select a

different font by double clicking on this tool
icon.

E3 ~ foreground/background Displays the current foreground and
background colors. Click on each to get a

palette from which you can choose new
colors.

Holding down the <Ctrl> key will temporarily change all of the tools

except the select tool to the dropper.

The buttons at the right of the editing screen perform the following

functions when you click on them.

\ Undo Cancels the last operation you performed.

0K Saves your drawing as the VI icon and returns to
the Panel window.

Cancel Returns to the Panel window without saving any

changes.

Defining the Connector Terminal Pattern 

You send data to and receive data from a subVI through the terminals in

its connector pane. You define connections by choosing the number of

terminals you want for the VI and by assigning a front panel control or

indicator to each of those terminals. Only the controls and indicators you

will use programmatically need terminals on the connector pane.

. If the connector for your VI is not already displayed in the upper right
comer of the Panel window, choose Show Connector Pane from the

icon pane pop-up menu, as shown in the following illustration. The

Diagram window does not have a connector pane.

    

 
 
 

 

 

 
E -umiued1 r ' in

File Eidit 0:erate Controls Windows Text LP' Show Connector
Edit Icon...
Vl Setu .

 

  
 

 
  

Hils

HE] -—- 
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a: -‘ untitledt I:

File _I_E_it“Operate Controls Windows Text

 
The connector replaces the icon in the upper right comer of the Panel

window. LabVIEW tries to select a terminal pattern for your V1 with as

many terminals on the left of the connector pane as controls on the front

panel, and as many terminals on the right of the connector pane as

indicators on the front panel.

Each of the rectangles on the connector represents a terminal area, and

you can use them either for input to or output from the VI. If you want to

use a different terminal pattern for your VI, you can select a different

pattern.
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Selecting and Modifying Terminal Patterns

To select a different terminal pattern for your VI, pop up on the connector

and choose Patterns from the pop-up menu.

  
 {incensed

Disconnect Hll

Rotate 90 Degrees
Flip Horizontal

Flip Uertical

 

  

  fifi§EED EEEEEEMJ $$%%Efiflfll %%%%§E  
A solid border highlights the pattern currently associated with your icon,

as shown in the previous illustration. To change the pattern, click on a

new pattern. If you choose a new pattern, any assignment of controls and

indicators to the terminals on the old connector pane is lost.

If you want to change the spatial arrangement of the connector terminal

patterns, choose one of the following commands from the connector pane
pop-up menu: Flip Horizontal, Flip Vertical, or Rotate 90 Degrees.

LabVIEW disables these items if any terminal connections exist.

Assigning Terminals to Controls and Indicators

When you decide which terminal pattem to use for your connector, you
need to assign front panel controls and indicators to the terminals. Follow

these steps.
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1. Click on a terminal of the connector. The tool automatically changes
to the Wiring tool. The terminal turns black.

E ' * , Untitled I
EiIeEdit Operate Controls Windows Text

 
2. Click on the front panel control or indicator you want to assign to the

selected terminal. A marquee frames the selected control.

Untitled 1

 
If you position the cursor in free space and click, the dashed line

disappears and the selected terminal dims, indicating that the
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control or- indicator you selected now corresponds to the dimmed
terminal.

a » . Untitled 1

file Edit Operate Controls Windows Text

 
Note: Although you use the Wiring tool to assign terminals on the connector

tofront panel controls and indicators, no wires are drawn between the
connector and these controls and indicators.

3. ‘ Repeat steps 1 and 2 for each control and indicator you want to
connect.

You can also select the control or indicator first and then select the

terminal. You can choose a pattern with more terminals than you need.

Unassigned terminals do not affect the operation of the VI. You can also

have more front panel controls than terminals.

The connector pane has, at most, 20 terminals. If your front panel

contains more than 20 controls and indicators that you want to use

'programmatically, group some of them into a cluster and assign the
cluster to a terminal on the connector pane.

Deleting Connections

You can delete connections between terminals and their corresponding
controls or indicators individually or all at once. To delete a particular
connection, click on either the control/indicator or the terminal on the

connector pane with the Wiring tool. Then choose Disconnect from the

pop—up menu for the terminal you want to delete.
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Show Icon

Patterns

—

Disconnect ‘

Disconnect Hll

Rotate 90 Degrees

Flip Horizontal

Flip vertical

 
The terminal turns white, indicating that the selected connection no

longer exists. To delete all connections on the connector, choose

Disconnect All from the pop—up menu for the connector. LabVIEW also

deletes all existing connections automatically if you select a new pattern

from the Patterns palette.

Confirming Connections

To see which control or indicator is assigned to a particular terminal,

click on a control, indicator, or terminal with the Wiring tool when the

connector pane is visible. LabVIEW selects the corresponding assigned

object.
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 Executing VIs

This chapter discusses how to operate and debug VIs, explains how to set

up W3 and subVIs for special execution modes, and discusses factors

that affect execution speed.

Operating VIs ' 

LabVIEW has two modes of operation, edit mode and run mode. You

edit and create VIs in edit mode, and you execute VIs in run mode. In edit
mode, the editing tools are available on the Panel palette below the menu

bar, as shown below.

 
When you are ready to run the VI, click on the mode button, or select

Change to Run Mode from the Operate menu. This compiles your VI

mode button and switches you to run mode. In run mode the execution buttons appear
on the Panel palette, as shown below.

Ea

 

No tools are available in this palette. The Operating tool is the only tool

that functions in run mode. You use the Operating tool to enter text into

string controls, enter numbers into numeric controls, and manipulate

mechanical-action controls. You cannot edit labels, or resize or move

objects. You can only set inputs and select operating commands.

In edit mode, you use the tab key to change tools. In run mode, tabbing

selects different objects on the front panel according to panel order (the

order in which you placed them on the panel). In run mode, the pop-up

menu contains only the options for running a VI. The pop-up menu for a

control in edit mode contains a Data Operations submenu in addition to
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the editing submenus. Popping up on a control in run mode, however,

displays only the Data Operations menu as shown in the following

figure. You can cut, copy, or paste the contents of the control, set the

control to its default value, and read the control's description with options
in this menu. Some of the more complex controls have additional

options, for example the array has options with which you can copy a
range of values or go to the last element of the array.

IEEIEJ IEE

P
Reinitialize to Default

{lat Bate;

Copy Data
Pests? 33:22::

Description...

   
  

  
  

 

The Operate menu on the menu bar contains commands for executing
the current VI. The following sections discuss several fundamental
execution-related tasks.

Running a VI

You can run a VI in edit mode or run mode by selecting the Run

command from the Operate menu or by clicking on the run button. From

run button the edit mode, LabVIEW compiles the VI, switches to run mode and runs

the VI. When the VI finishes executing, LabVIEW returns you to edit

mode. While the V1 is executing, the run button changes appearance.

":9 The VI is running at its top level if the run button changes to the VI
VI running at running at top level indicator, as shown to the left.

top level

. The VI is executing as a subVI if the run button changes to the VI caller
"9 is running indicator, as shown to the left.

VI caller

is ““1ng You can run multiple VIs at the same time. After you start the first one,

switch to the Panel or Diagram window of the next one and start it as

described above. Notice that if you run a subVI as a top-level VI, all

caller VIs are broken until the subVI completes. You cannot run a subVI

as a top-level VI and as a subVI at the same time.
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If your VI runs but does not perform correctly, refer to the Debugging
Techniquesfor Executable Vls section of this chapter.

Stopping a VI

Normally, you should let a VI run until it completes. However, if you
[.1 need to halt execution immediately, click on the stop button or select the

“013 button Stop command from the Operate menu. The Stop command aborts the
top level VI at the earliest opportunity. The halted VI most probably did

not complete its task, and you cannot rely on any data it produces.

Although LabVIEW closes files open at the time and halts any data

acquisition that may be in progress, you should avoid designing VIs that

rely on the Stop option. If you create a VI that executes indefinitely

within a While Loop until stopped by the operator, for example, control

the conditional terminal of the loop with a Boolean switch on the front

panel.

If you want to prevent an operator from inadvertently aborting your VI
by clicking on the stop button, hide it using the VI Setup... option from
the icon pane pop—up menu on the VI's Panel window.

Running a VI Repeatedly

_ To execute a VI repeatedly, click on the continuous run button. The VI

continuous run begins executing immediately, and the continuous run button changes
button from outlined arrows to filled arrows while the V1 is running. Click on

the continuous run button again to stop the VI. The V] stops when it has

. completed normally.
Vl running

continuously The behavior of the VI and the state of the run mode palette during
continuous run is the same as during a single run started with the run
button or the Run command.

Printing Programmatically

In designing Vls, you may want to print the results of a calculation or

acquisition. You can print front panel data using the Print... option from

the File menu. However, this option is not useful if you need

programmatic control 'of printing, or if you want to print only a subset of

the front panel data. -
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IE
print mode

button

E

print mode
active

Chapter 3

If you set the print mode button of a VI, you can set a VI to automatically
print the contents of its front panel each time it finishes execution. With

this setup for top level VIs, you can automatically log to the printer the

contents of a front panel after execution. For subVIs, the front panel
prints at the end of each call.

If you want to print only at certain times, or if you want to print only a
subset of the information on a front panel, create a subVI with controls

for only the desired information, and set the print mode button for the

subVI. When you want to print, call the subVI, pass it the desired data,

and LabVIEW will print the data automatically.

For record keeping purposes, you can use the print button to print the

front panel controls and indicators when the VI executes either at the top
level or as a subVI. LabVIEW does not print the block diagram, icon, or

connector when you use this feature, called background print spooling.

When you click on the print button, it changes to indicate that printing is
active. Click on this button at any time to disable printing.

Printing occurs when the VI completes and updates the indicators with

new values. You do not see the standard Print dialog box, and LabVIEW

uses the print options from the Page Layout dialog box. For minimum

impact on execution performance, you should use background print
spooling.

LabVIEW saves the printing state with the VI. If background print
spooling is on in conjunction with a breakpoint suspension, LabVIEW
prints the panel when you click the Resume button.

Front Panel Datalogging

Front panel datalogging logs data to a separate file. This way you can
have several separate files, each filled with logged data from different

tests. You can also retrieve the data using stande file I/O functions.

F!

. Turn automatic datalo gin on for a VI b clicking on the datalo gin
datalogging button button in the executiofpalgtte. When autgmatic datalogging is of, thf

, arrow in the datalogging button darkens. Clicking on the activated
datalogging button turns automatic datalogging off.

datalogging .

activated When automatic datalogging is on, the VI automatically logs front panel
data to a file after each execution of the VI whether it is a top level VI or
a subVI. You can also log the current front panel data at any time by
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‘ selecting the Log... option from the Data Logging submenu of the File
menu.

A: E W

 

  
 

 

  

Data Logging Log...
....................................................................... Retrieve... .

Get Info... Wm}? £3323...

Edit [It Library... Change Log File Binding...

Clear Log File Binding

 

 
 

 
 

When datalogging is on, you will be prompted to select a file for the data,
either immediately when you select the Log... option, or when the V1 is

run. After a file has been selected, the V1 logs any further front panel data
logged to this same file.

You can change the active file by using the Change Log File Binding
option from the Data Logging submenu of the File menu.

Selecting Clear Log File Binding disassociates the VI from any

associated log file. The next time you log from the VI front panel, you
will be prompted to specify the log file.

To view logged data interactively, select the Retrieve... option from the

Data Logging submenu of the File menu. The execution palette changes

to the data retrieval palette, as shown in the following illustration.

'Ejlofo-i 12I2I92 23:23:46,000

You change the record number to select a specific log entry. Clicking on

' the enter button causes the panel to display the selected record. You can

mark the selected record for deletion by clicking on the delete button.

When a record is marked for deletion, the delete button changes to a full

  

enter button

trash can. Clicking on the full trash can unmarks the selected record for

delete button deletion. Selected records are not deleted until you select Purge Data...

from the File menu, or until you switch out of data retrieval mode, either

(E by clicking on the mode button or selecting Retrieve... from the File
record marked menu again. If any records are still marked for deletion when you switch

for deletion out of data retrieval mode, you are asked whether you want to delete the
marked records.
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Programmatic Data Retrieval

You can retrieve data logged from a VI by using the standard File I/O

functions to read the file as a datalog file.

You can also retrieve data by using the Enable Database Access option

from the popup menu of a subVI that contains logged data. A halo that

looks like a file cabinet will appear around the V]. This halo has

terminals for accessing data from the VI. If you run the calling diagram,

the subVl does not execute. Instead, LabVIEW retrieves data from a .

specified record. It also returns the time that the data was logged, and a

Boolean value indicating whether the specified record is beyond the end
of the file.

  
 
 

 Show

Description...

Show Terminals

Replace

 
  

  
 

Cluster Trials

Helink To Sublll

Open Front Panel

Sublll Node Setup...

Enable'D-atabaSe Hc‘cess 1- ‘
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The following illustration shows the halo terminals for accessing the VI.

.................. invalid

record #?

cluster of

front panel data

in panel order

(cluster of

U32 for secs since

L'v’ reference time .

U1 6 for additional

msecs]

 
Debugging Executable VIs 

The techniques discussed in this section apply only to VIs you can run.

Broken (nonfunctional) VIs cannot compile or execute. See the

Debugging Techniques for Nonexecutable VIs section in Chapter 12,

Wiring the Block Diagram, for help in fixing broken VIs.

Correcting a VI Range Error

® A range error indicator appears in place of the run button under the
following circumstances.

range error

indicator - You configured a control on a subVI to stop execution when it
receives an out-of—range value (via the control's Data Range...

option), and the control receives such a value.

- You configured an indicatoron a subVI to stop execution when it

tries to return an out-of—range value to a calling VI, and the

indicator attempts to return such a value.
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- An operator enters an out—of—range value into a control that you set

to stop execution on error, provided that the V1 is not running at the
time.

So that you can see the out—of—range control or indicator, its appearance

changes as shown below.

 
Note: A VI or subVI can. pass out-of-range values to one of its indicators

without halting execution. The error condition exists only when a

subVI attempts to return such a value. Also, an operator can enter

out-of-range values into a control while its VI is executing. The

out-of-range error condition only prevents the VIfrom starting, not

from continuing once it has already started.

Recognizing Undefined Data

There are two mnemonics that can appear in floating-point digital

displays to indicate faulty computations or meaningless results. NaN (not

a number) is the symbol that represents a particular floating-point value

that operations such as taking the square root of a negative number can

produce. Inf is another special floating-point value produced, for

example, by dividing by zero.

Undefined data can corrupt all subsequent operations. Floating-point

operations propagate NaN and i Inf, which, when explicitly or implicitly

converted to integers or Booleans, become meaningless values. For

example, dividing by zero produces Inf, but converting that value to a

word integer produces the value 32,767, which appears to be a normal

value. Before converting to integer types, check intermediate floating-

point values for validity unless you are sure that this type of error will not

occur in your VI.
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Executing a For Loop zero times can produce unexpected values. For

example, the output of an initialized shift register is the initial value.

However, if you do not initialize the shift register, the output is either the

default value for the data type—0, False, or empty string—or the output is

the last value loaded into the shift register when the diagram last
executed.

Indexing beyond the bounds of an array produces the default value for

the array element data type. You can inadvertently do this in a number of

ways, such as indexing an array past the last element using a While Loop,

supplying too large a value to the index input of an Index Array function,

or supplying an empty array to an Index Array function. '

When you design VIs that may produce undefined output values for

certain input values, you should not rely on special values such as NaN

or empty arrays to identify the problem. Instead, make sure your VI

either produces an error message that identifies the problem or produces

only defined default data.

For example, if you create a VI that uses an incoming array to auto-index

a For Loop, you need to evaluate the operation of the VI if the input array

is empty. You can either produce an output error code or substitute

predefined values for the values created by the loop.

D
Note; A floating-point indicator or control with a range of -Infinity t0

+Infinity can still generate a range error ifyou send NaN to it.

Debugging Techniques for Executable VIs

If your program executes but does not produce the expected results, here

are some steps to take to solve the problem:

- Check wire paths to ensure that the wires connect to the proper

terminals. Triple-clicking on the wire with the Positioning tool

highlights the entire path. A wire that appears to emanate from one

terminal may in fact emanate from another, so look closely to see
where the end of the wire connects to the node.

- Use the Help window (from the Windows menu) to make sure that

functions are wired correctly.

- If functions or subVIs have unwired inputs to functions or subVIs,

verify that the default value is what you expect.
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- Use breakpoints, execution highlighting, and single—stepping to

determine if the V1 is executing as you planned. Make sure you

disable these modes when you do not want them to interfere with

performance.

- Use the probe feature described in the Using the Probe section of
this chapter to observe intermediate data values. Also check the

error output of functions and subVls, especially those performin
I/O. . .

- Observe the behavior of the VI or subVI with various input values.

For floating—point numeric controls, you can enter the values NaN
and iInf in addition to normal values.

- If the VI runs more slowly than expected, make sure execution

highlighting is turned off in subVIs. Also, close subVI windows

when you are not using them.

- Check the representation of your controls and indicators to see

whether you are getting overflow because you have Converted a

floating-point number to an integer or an integer to a smaller

integer. Refer also to the Recognizing Undefined Data section of

this chapter.

- Check the data range and range error action of controls and

indicators. They might not be taking the error action you want.

0 Check for For Loops that may inadvertently execute zero iterations

and produce empty arrays. Refer also to the Highlighting Execution

and Recognizing Undefined Data sections of this chapter.

- Verify that you initialized shift registers properly, unless you
specifically intend them to save data from one execution of the loop
to another.

- Check the order of cluster elements at the source and destination

points. Although LabVIEW detects data type and cluster size

mismatches at edit time, LabVIEW does not detect mismatches of

elements of the same type. Use the Cluster Order... option on the

cluster shell pop-up menu to check cluster order.

- Check the node execution order. Nodes that are not connected by a

wire can execute in any order. The spatial arrangement of these

nodes does not control the order. That is, unconnected nodes do not

execute from left to right, top to bottom on the diagram like

statements do in textual languages.
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- Unlike functions, unwired subVIs do not generate errors while

LabVlEW is in edit mode. If you mistakenly place one on the block

diagram, the subVI will execute when the diagram does, degrading

performance and perhaps corrupting the operation. You can

inadvertently hide subVIs three ways: you can deposit one directly

on top of another node; you can decrease the size of a structure

without keeping the subVI in view; or you can place one off the

main diagram area. For the latter case, scroll the Diagram window

to its limits. Also check the inventory of subVIs used in the VI

against the three Windows menu options ([name of VI]'s Callers,

[name of VI]'s SubVIs, and Unopened SubVIs) to determine if

any extraneous subVIs exist. The Show VI Hierarchy option can
also help. You must move or resize nodes to search for extra nodes

of a valid subVI if they exist.
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LabVIEW Debugging Features

Single-Stepping through a VI

For debugging purposes, you may want to execute a block diagram node

by node. '

B To enable single-step mode, click on the step mode button. The symbol
off on changes from the flat line to the square wave. Click on this button at any

step mode . time to return to normal execution.
button

While the VI is running in single—step mode, the step button appears.

Click on this button each time you want to execute the next node. When

step button the VI finishes executing, the button disappears. If you return to normal

execution mode before the VI completes, the step button disappears and

the VI runs to completion at normal speed.

The step button affects execution only in a VI or subVI that is in single-

step mode. If a VI in single-step mode has one subVI that is also in

single—step mode and one that is in normal execution mode, the first

subVI single—steps when called but the second executes normally when
called.

Highlighting Execution

For debugging purposes, you may want to view an animation of the

execution of the VI block diagram.

changes appearance. Click on this button at any time to return to normal

off view mode. You commonly use execution highlighting in conjunction

execution highlighting with single-step mode to gain an understanding of how data flows

bUttOD . through nodes. Highlighting greatly reduces the performance of a VI.

,.., To enable this mode, click on the execution highlighting button, which
En .

on

As data passes from one node to another, the movement ofdata is marked

by bubbles moving along the wires. In addition, in single stepping, the

next node blinks rapidly as shown in the following illustration sequence.
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You can compile the VI without single-stepping or execution

highlighting support code. This typically reduces memory requirements

and increases performance by about 1 percent each. To do this, uSe the

VI Setup... option from the icon pane pop-up menu on the Panel window

and select the option to hide the buttons.

Using the Probe

The probe is a tool you can use to check intermediate values in a VI that

executes but produces questionable or unexpected results. For instance,

you may have a complicated diagram with a series of operations, any one

of which may be returning incorrect data. You could wire an indicator to

the output wire from one of the operations to display the intermediate

results, or you can use the probe. Placing an indicator on the front panel

and wiring its terminal to the block diagram is not a convenient

debugging mechanism. It is time consuming and creates unwanted items

on your front panel and block diagram that you must later delete.

The probe is similar to an indicator but is easier to use. The following

example is a simple illustration of how to access the probe. In run mode,

pop up on the wire leaving the Random Number (0—1) icon and select

Probe. The probe display, which is a floating window, appears and
flashes the values carried by the wire. You can use the probe in

conjunction with execution highlighting and single—step mode to view

values more easily. You must insert the probe before running your VI in
order to see the data.

 
You cannot change data with the probe, and the probe has no effect on'

. VI execution.
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Setting Breakpoints

You may want to inspect the inputs to a subVI before it executes.

To set a breakpoint, click on the breakpoint button as shown at left,
Q a which changes to a button with an exclamation point as shown. When

off ' on that V1 is called, it will halt execution of the higher-level VI so that you

breakpoint can inspect the subVI inputs. Click on this button at any time to remove

button the breakpoint and return to normal call'mode.

You can also enable and disable the breakpoint with the VI Setup...

option from the icon pane pop-up menu on the Panel window of the

subVI. The two methods are interchangeable, and with either method the

breakpoint occurs at all calls to the subVI. If a subVI is called from two

locations in a block diagram, the breakpoint suspends execution at both
calls.

. If you want abreakpoint to suspend execution at a particular call to the

subVI, set the breakpoint using the SubVI Node Setup... option from the

subVI node pop—up menu, instead of the VI Setup... option. The SubVI

Node Setup... suspends execution at that particular instance of the subVI

only.

A subVl with a control or indicator set to stop on a range error has a

conditional breakpoint. If a range error occurs, the subVI suspends as if

it encountered a breakpoint. If no range error occurs, the subVI executes

normally.

When a subVI encounters a breakpoint, its front panel opens or comes to

the foreground and remains in a suspended state. At this time, the values

on the subVI controls are the inputs passed by the calling VI, and you can

change the values if you wish. In fact, you must change them to run the

subVI if the range error indicator is on. The subVI's indicators display

either default values or values from the last execution of the subVI during

which its panel was open.

In the suspended state, two buttons appear on the subVI's run mode

palette:

Click on the reset button, shown on the left, to run the subVI as if it were

the top-level Vl. You can also use the Run command in the Operate

reset button menu. When the subVI completes. the indicators display results from

that execution of the subVI. However, you can change the indicator

values if you want to return different values to the calling V]. In fact, the

suspended state is the only time you can set values on indicators. You can

rerun the subVl at the breakpoint as many times as you wish. While
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rerunning, you can return to the suspended state immediately by using

the stop button or Stop command.

I Click on the resume button, shown at the left, when you are ready to*I return the subVI's indicator values to the calling VI. If you click the

Issume Resume button without clicking the reset button first, the VI does notutton
I execute before returning.

>

Note: You cannot seta breakpoint at a function or structure node, although

you can encapsulate the function or structure in a subVI and suspend

execution at the subVI call.

Warnings for Overlapping Objects

If an'object is either partially or completely hidden by another object,

LabVIEW generates a warning. For example, if a terminal is hidden

under the edge of a structure, or tunnels are on top of each other, a

warning message is placed in the error list box. You also get wamings if

a wire has a loop in it (a place where the wire branches and then connects

back into itself). Warnings do not prevent you from running a VI; they

are just intended to help you to debug potential problems in your

programs.
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Introduction to Front

Panel Objects

This chapter introduces the front panel and its two component parts,
controls and indicators.

Building the Front Panel 

Controls and indicators on the front panel are the interactive input and

. output terminals of the VI. This section explains a few editing options
common to all controls and indicators.

The Controls menu on the front panel contains the following menu

options.

 Numeric

Boolean

String

Hrrag t‘r Cluster

Graph

Path 8' HefNum

Decorations

Control...

  
  
  
  
  

  

 

‘V"V“"V‘V"V"'
0 Numeric controls are used for entering and displaying numeric

quantities.

0 Boolean controls are used for entering and displaying Boolean (that

is, True/False) values.

° String controls are used for entering and displaying text.

0 Array and Cluster controls are used for grouping sets of data.

© National Instruments Corporation 4-] LabVIEWfor Windows User Manual

DEFS 00031690

Page 103 of 460



Page 104 of 460

Introduction to Front Panel Objects Chapter 4

- Graph controls are used for plotting numeric data in chart or graph
form.

. Decorations are pictures you can use to enhance the appearance of

the front panel.

- Control... lets you choose a custom control of your own design.

When you select objects from the Controls menu, they appear on the
Panel window. You can then move the controls with the Positioning tool,

like any other LabVIEW object. Controls and indicators also have their

own pop-up menus.

The Decorations item of the Controls menu offers a selection of

graphics you can use to customize front panels. These objects are for

decoration only, and do not display any data.

You can copy and paste controls and indicators from one front panel to

another by using the Copy, Cut, and Paste commands from the Edit
menu.

Importing Graphics from Other Programs

You can import graphics from other programs for use as static

backgrounds or as states in Booleans or items in ring controls. Before

you can use a picture in LabVIEW, you have to load it into the LabVIEW

clipboard. You can use the Import Picture option from the File menu to

import a graphics file into the LabVIEW clipboard. You can use Import

Picture on GIF, PCX, BMP, TARGA, TIFF, LZW, WMF, and WPG

files. To use the Import Picture option, you must have the file

lvimage . d1 1 installed on your system. If you copy an image directly

' from a paint program to the Windows clipboard and then switch to

LabVIEW, LabVIEW automatically imports the bitmap to the LabVIEW

clipboard. Once a picture is on the LabVIEW clipboard, you can paste it

as a static picture on your front panel, or you can use the Import Picture

option from the control editor to import it as an image representing a

value of a Boolean switch or a Pict Ring.

Common Front Panel Control and Indicator Options

When you pop up on a control or indicator on the front panel while in edit

mode, you get a menu like the one shown in the following illustration.

The options above the line in the pop—up menu are common to all
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controls and indicators. A few controls and indicators have only these

options in their pop—up menus.

 

 Change to Indicator
Find Terminal

Show

Data Operations

Create Rttribute Node

Replace

Representation

Data Range...
Format 8* Precision...

  
  

 
 

  
 

Objects in the Controls menu are initially configured as controls or

_ indicators.‘F0r example, if you choose a toggle switch from the Boolean

palette, it appears on the front panel as a control, because a toggle switch

is usually an input device. Conversely, if you select an LED, it appears

on the front panel as an indicator, because an LED is usually an output

device. HoWever, you can reconfigure all controls to be indicators, and

vice versa, by choosing the Change to Control or Change to Indicator

commands from the object pop—up menu. The Numeric palette contains

both a digital control and a digital indicator because you use both

frequently. The String palette also contains both a stn'ng control and a

string indicator.

The Find Terminal item of the control and indicator pop-up menus

highlights the block diagram terminal for the control or indicator. This

option is useful for identifying a particular object on a crowded block

diagram.

The Create Attribute Node item creates an attribute node for the object.

Attribute nodes are used to control various properties of the object

programmatically.

The Show submenu shows a list of the pans of a control that you can
choose to hide or show, such as the name label.

In edit mode, the pop-up menu for a control contains a Data Operations

submenu. Using items from this menu, you can cut, copy, or paste the

contents of the control, set the control to its default value, make the
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current value of the control its new default, and read or change the

control's description. You can copy the data in a control or indicator and

also paste this data into another control of the same data type. (In edit

mode, you can paste data into an indicator.) Some of the more complex

controls have additional options; for example, the array has options that

allow you to copy a range of values and to show the last element of the
array.

The following illustration shows the edit mode Data Operations

submenu for a numeric control. This submenu is the only part of a

control’s pop-up menu available when the VI is in run mode.

Reinitialize to Default

{fiat {Esta

Copyr Data
fiesta {3838

Descri-tion...

 
If you pop-up on a control while in run mode, you can only change the

value of a control. In run mode you cannot change most characteristics

of a control, such as its default value or description.

The Replace option of an object's pop-up menu displays the Controls

menu palette from which you can choose a control or indicator to take the

current item's place on the front panel. The item's label and description

remain the same, as do its dataflow direction (control or indicator),

numeric representation, scale configuration, mechanical action, and its

position on the block diagram and connector pane. Wires also remain
. connected.

Dialog Controls

There are two types of dialog controls: dialog rings, which are numeric,
5 Ring . _

and dralog buttons, which are Boolean.
dialog box .

The dialog controls change appearance depending upon which platform

' 'you are using. Each appears with the color and appearance typical of that
dialog bUttOD platform. In other words, the dialog button ignores your color

specifications and appears as a two dimensional black and white oval on

the Macintosh, a three-dimensional oval gray button on the Sun. and a

three-dimensional rectangular gray button in Windows. In the same way,

the dialog ring appears as‘a black and white rectangle with a drop shadow
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on the Macintosh and as a flat black and white rectangle on the Sun and
in Windows.

Sun  

 
Because these controls change appearance, you can create VIs with

controls that look at home on any of the computers that can run

LabVIEW. Using these controls, along with the checkmark and radio

button Booleans, simple numeric controls, simple strings, and the dialog

fonts, you can create a VI that will change appearance to match any

computer you use the VI on. By using the VI Setup options to hide the

menu bar and scroll bars and control the window behavior, you can
create VIs that look like standard dialog boxes for that computer.

Enter items into the dialog ring with the Labeling tool. Use <shift-enter>

to go to the next item you want to enter. Pressing <enter> alone only

results in a carriage return. Click outside the control or change tools to

conclude entering terms.
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Custom Controls and Type Definitions 

You can customize a front panel control or indicator to make it better

suited for your application. For example, you might want to make a
Boolean switch that shows a closed valve when the switch is off and an

open valve when it is on, a slide control with its scale on the right side

instead of on the left, or a ring control with predefined text or picture
items.

You can save a control or indicator that you have customized in a

directory or VI library, just as you do with VIs. You can then use this
control on other front panels. You can also create an icon for your custom

control, and have the control's name and icon appear in the Controls
menu.

If you need the same control in many places in your VIs, you can create

a master copy of that control, called a type definition. When you make a

change to the type'definition, LabVIEW can automatically update all the
V15 that use it. -

The following sections explain how to make these and other custom
alterations to LabVIEW controls.

Creating a Custom Control 

Put your VI in edit mode to customize a control. Place a control that is

most like the one you want to create on the front panel. For example, to

create a slide with its scale on the right, start by placing any vertical slide

' on the front panel.

Select the Positioning tool. Select the slide control and choose Edit

Control from the Edit menu. Edit Control is available only when a

control is selected. You can edit only one control from a panel at a time.

L
A!» : 5-2“:

"Id“ :Cunti‘nlg .-  
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A window opens displaying a copy of the control. This window, shown

in the following illustration, is called a control editor, and it is titled

Control N, which is the name assigned to the control editor window until

you save it and give it a permanent name.

a, A . .- Contmllf- "'- -'
file Edit _pearte Quntruls flindows Iext

 
A control editor looks like a front panel, but it is used only for editing and

saving a single control; it has no block diagram and cannot run.

A control editor has an edit mode and a customize mode. A control editor

is in edit mode when it first opens. In edit mode you can change the size

or color of a control, and select options from its pop—up menu. In

customize mode you can change the parts of a control individually.
Customize mode is described in detail later in this chapter.

After you have edited a control, you can use it in place of the original

control on the front panel that you were building when you opened the

control editor. You can also save it to use on other front panels.

Applying Changes from a Custom Control
. V

“5 When want to replace the original front panel control with your new

- custom control select Apply Changes from the File menu of the control
editor.
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When you select Apply Changes, the following question appears:

Replace the or iginal control (name) in < VI name>

wi th Cont r 01 N? Click on the Replace button to replace the original

control with your custom control. Click the No button to cancel the

replacement.

If your original front panel is the only place you will use the custom

control, you can close the control editor window without saving the

control. Be'sure to save the original V1 with the custom control in place

to preserve your work. If you want to use the custom control on other

front panels in the future, you must save it as described in the Saving a

Custom Control section of this chapter.

Apply Changes is only available after you make changes to the control.

Apply Changes is disabled if there is no original control to update. This

happens when you delete or replace the original control, when you close

the original front panel, or when you have opened a custom control that

you saved earlier by selecting Open from the File menu.

® If the control editor has more than one control in it, the not-OK button
appears. A valid custom control must be a single control, though it may

not-OK button be a cluster of other controls. The Not—OK button may appear

temporarily while you move controls in and out of a cluster or array. To

get an explanation for the error, click on the Not-OK button. If there is

more than one control in the control editor the error message reads

There are extra objects on the front panel that

do not belong to the custom control. If there are no

controls the error message reads The: e must be one control

on the front panel for a custom control to be

val id. If you try to put a type definition control on the front panel of

the control editor, the error message reads You may not use a
Type Definition in the control editor unless it
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is inside another control, such as a cluster or

array.

Saving a Custom Control

If you want to use your custom control on other front panels, choose Save
from the File menu in the control editor window. You save a control the

same way you save a VI, in a directory or in a VI library. A directory or

VI library may contain controls, VIs, or both.

If you close the control editor window without saving your changes to the ‘

control,'a dialog box will ask you if you want to save the control. *

Using a Custom Control

When you save your custom control, you can use it on other front panels

by selecting Control... from the Controls menu on the front panel of any

VI. Use'the dialog box that appears to choose your control from the

directory list and place it on your front panel.

Adding a Custom Control to the Controls Menu

For easier access to custom controls, save them in a directory or a VI

library inside a . lib directory located in the LabVIEW library

directory. By default, the LabVIEW library directory is the directory
where LabVIEW is located.

Note: Do not save your controls in the vi . l ib directory. This directory is

updated by National Instruments as needed during new version

releases ofLabVIEW. Placing controls in Vi . l ib risks creating a

conflict duringfuture installations. Place controls in . l ib directories

in the LabVIEW library directory with, but not inside, the vi . l ib

directory.

When you launch LabVIEW, LabVIEW looks at the contents of all

. l ib directories in the library directory. If any of the subdirectories or

VI libraries contain controls, LabVIEW creates a palette for those

controls and adds it to the Controls menu. You can then select your

custom controls directly from the Controls menu.

You can have both custom controls and Vls inside

your subdirectories or V] libraries. LabVIEW will display the controls
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on a palette accessible from the Controls menu of the front panel, and

the VIs on a palette accessible from the Functionsmenu of the block

diagram. '

Your controls must be in a directory or a VI library within the . lib

directory. LabVIEW will not display an individual control on a palette if
it is saved directly into the . lib directory.

Making an Icon

If you save your controls so that they appear in the Controls menu, you

should make an icon representing the control before you save it. Pop up
or double click on the blank icon square in the top right corner of the
control editor window to create an icon for the control. This icon

control icon representsthe control in the palette menu when you save the control in a

library directory.

 

Custom Controls are Independent from Source File

You can open any custom control you have saved by selecting Open

from the File menu. A custom control will always open in a control editor
window.

Changes you make to a custom control when you open it do not

necessarily affect VIs that are already using that control. When you use

a custom control on a front panel, there is no connection between that

instance of the custom control to the file or VI library where it is saved;

each instance is a separate, independent copy.

You can, however, create a connection between control instances on

various VI front panels and the master copy of the control. To do this,

you must save the custom control as a type definition or a strict type

definition. Then, any changes you make to the master copy affect all

instances of the control in all the V15 in which you use it. See the Type
Definition section at the end of this chapter for more information.

Customize Mode
 

You can make more extensive changes to a control in the customize

mode of the control editor. Change between edit and customize mode by

clicking on the mode button, or by selecting Change to Customize
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Mode or Change to Edit Mode from the Operate menu as shown in the

following illustrations.

I—rfil
edit mode r customize mode-

  
  

  ,_ Operate '

Rat‘s ,

§§ at:

-_Ehanges, to Customize Mode
.....................................................................................................

Make Current Ualues Default

Beinitialize ml Tn Default  

Independent Parts

All LabVIEW controls are built from smaller parts. A slide control

consists of a scale, a housing, a slider, the increment and decrement

arrows, a digital display, and a name label. The parts of a slide are

pictured in the following illustration. ' '

10 .0- Name Label Housing 1 0-0" Scale

_ Digital 7_5_

7.5- E 0'00 Display 5 0
'5-0‘ <11] Slider - “

2.5- ' A Increment Arrow 2.5“

0.0— v Decrement Arrow 0.0-

 
When you switch to customize mode in a control editor, the parts of your

control become independent. You can make changes to each part without

affecting any other part. For example, when you click and drag on the

slide's scale with the placement too], only the scale will move. You can

select pans and align or distribute them using Align or Distribute from

the Edit menu; or change their layering order by selecting Move
Forward or Move Backward from the Edit menu. Customize mode
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shows all parts of the control, including any that were hidden in edit
mode, such as a name label or the radix on a digital control.

Because the parts of a control are detached from each other, you cannot
operate or change the value of the control while in customize mode.

Notice that the Operate tool is disabled.

as] meat-

 

 

The wiring tool is always disabled in a control editor.

The Control Editor Parts Window

When you are in customize mode, you can select Show Parts Window

from the Windows menu. The floating window that appears identifies

the parts of the control, and shows you the exact position and size of each

part. The current part display in the parts window shows you a picture

and the name of the part currently selected in your control editor window.

You can see a menu of all the parts by clicking on the current part

display. You can also scroll through the parts of the control by clicking

on the current part-display increment or decrement arrow. When you

change the part shown in the current part display, that part is selected on

the control in the control editor window. When you select, change, or pop
up on another part of the control in the control editor window, the part
showing in the current part display also changes.

The illustration below shows the control editor window on the left

overlaid by the parts window on the right. The slide's name label is the

: current part, and is selected in the control editor window. The parts

LabVlEWfor Windows User Manual 4-12 @National Instruments Corporation

DEFS 00031701

Page 114 of460



Page 115 of 460

Chapter 4 Introduction to Front Panel Objects

window shows the menu of parts that you get when you click on the

current part display.

  
  

 

Name Label

Part Position and Dimensions

room enm-

Left_ width-

 

  

The parts window shows you the exact position and size of the part

shown in the current part display. These values are pixel values. When

you move or resize a part in the control editor, the position and size in the

pans window are updated. You can also enter the position and size values

directly in the pans window to move or resize the part in the control
editor. This is useful when you need to make two parts exactly the same

size, or align one part with another. In the illustration above the parts

window displays the position and size of the slide's name label: the upper

left corner of the label is at the pixel coordinates (45,63), and the label is -

14 pixels high by 24 pixels wide.

The parts window disappears if you switch to some other window. The

parts window reappears when you return to the control editor.

Pop-up Menus for Different Parts in Customize Mode

1n customize mode, the pop-up menu for the control as a whole is

replaced by a pop-up menu for each part. When you pop up on a part, you

get a menu with some options available in edit mode, and some options

available only in customize mode. Different parts have different pop-up
menus.
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There are three basic kinds of parts. Cosmetic parts, such as the slide

housing, slider, increment and decrement arrows, are the most common.

Cosmetic parts show a picture. ‘

The second kind of part is a text part, such as the slide's name label. Text

parts show a picture used as the background, usually just a rectangle, and

some text.

Finally, a part may be another control. The slide, for instance, uses a

numeric control for a digital display. Knobs, meters, and charts also use

a numeric control for a digital display. Some controls are even more

complicated than that: the graph uses an array of clusters for its cursor

‘ display part, for instance.

The following sections describe the different parts and their pop-up

options in more detail.

Cosmetic Parts

A cosmetic part is a picture. The following illustration shows a pop-up

menu for a cosmetic part, such as a slide housing. To pop up on a

cosmetic part, you mu st be in customize mode. You must pop up on the

part itself, not on the picture of the part in the parts window.

 

 Copy to Clipboard

”Import Picture

Import at Same Size

Revert

{ir‘iggénai Size

  
  
  

Copy to Clipboard puts a copy of the pan’s picture on the clipboard. If

you select Copy to Clipboard for the slide housing, the clipboard

contains a picture of a tall, narrow inset rectangle. This clipboard picture

can be pasted onto any front panel or imported as the picture for another

part using Import Picture. These pictures are just like the Decorations
in the Controls... menu.

When you need simple shapes like the housing rectangle for other pans,

there are several advantages to using pictures copied from original

LabVIEW parts, instead of making them in a paint program. Pictures

taken from LabVIEW parts or decorations look better than pictures made
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in a paint program when you change their size. For example, a rectangle

drawn in a paint program can only grow uniformly, enlarging its area but

also making its border thicker. A rectangle copied from a part like the

slide housing keeps the same thin border when resized.

Another advantage is that LabVIEW parts appear correctly on both color

and black and white monitors.

Finally, you can color pictures taken from LabVIEW parts or decoration

with the LabVIEW coloring tool. Pictures imported from another source

keep the colors they were imported with, because those colors are a part

of the definition of that picture.

Import Picture and Import at Same Size replace a cosmetic part‘s

current picture with whatever picture is on the clipboard. Use these

options to individually customize the appearance of your controls, by

importing pictures of an open. and closed valve for a Boolean switch, for

example. ‘

Import at Same Size replaces the current picture, but keeps the picture's

old size, shrinking or enlarging the clipboard picture to fit. If there is no

picture on the clipboard, both Import Picture and Import at Same Size
are disabled.

Revert restores the part to its original appearance. Revert does not

change the part's position. If you opened the control editor window by

selecting Edit Control from a front panel, LabVIEW reverts the part to

the way it looks on that front panel. Ifyou opened the control editor

window by selecting Open from the File menu, Revert is disabled.

Original Size sets a part's picture to its original size. This is useful for

pictures that you imported from other applications and then resized.

Some of these pictures don’t look as good as the original when resized,

and you might want to restore their original size to fix them. If you have '

not imported a picture, Original Size is disabled.

Cosmetic Parts with More than One Picture

Some cosmetic parts have more than one picture, which they show at

different times. These different pictures are all the same size and use the

same colors. For example, the slide's increment arrow is a picture of a

triangle, normally raised slightly from the background. It also has

another picture, a recessed triangle, that shows while you are clicking on
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it with the Operate tool to increment the slide's value. The picture below

shows the two pictures of an increment arrow in action.

 
A cosmetic part with more than one picture has the Picture Item option

on its pop-up menu, as shown below.

Copy to Clipboard

tweet: i’iilfiii'ié

imam“: at 3mm? fiém

Reuert .

i§§'§E§%¥§é§§ Size

”-rfPitztui‘e Item .,

  
  
  
 

Picture Item shows all the pictures a cosmetic part has. The picture that

is currently showing has a dark border around it. When you import a

‘ picture, you change only the current picture item. To import a picture for
one of the other picture items, first select that picture item and then

import the new picture. ‘

Cosmetic Parts with Independent Pictures

A- cosmetic part with more than one picture can have different sized

pictures that each use different colors. The slide, for example, uses‘two

different sized pictures to Show which slider is active on a multi-value
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slide. The slide in the following example uses a bigger triangle to show
that the middle slider is the active one.

 
A Boolean switch also has more than one picture, and each picture may

"be a different size and have different colors. The first picture shows the

False state; the second shows the True state; the third shows the transition

state from True to False when the mechanical action Switch/Latch

When Released is in effect; and the fourth shows the transition from
False to True. In the illustration below, the last two pictures just happen
to be the same.

 
1: False 2: True 3: T—DF 4: F—DT

You can also import pictures for a Boolean while in the control editor

edit mode by using the edit-mode pop-up menu. You can import a picture

for the False state, changing the first and third pictures, or for the True

state, changing the second and fourth pictures.
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When a cosmetic part can have different sized pictures; the part has the

Independent Sizes option on its pop-up menu, as shown below.

  
  
  

  

  

Copy to Clipboard

Import Picture

Importat Same Size

Revert .

({Eriggiriei $ize
Picture Item

Independentfi‘izes .-

 
 

Independent Sizes is an option you can turn on if you want to move and

resize each picture individually without changing the cosmetic part‘s

other pictures. Normally, this option is not checked. When you move or

resize the cosmetic part's current picture, its other pictures also move the

same amount or change size proportionally.

  

  

Text Parts

A text part is a picture with some text. The pop—up menu for a text part,

such as a name label, has some items identical to those on a cosmetic

part's pop-up menu. The other items on this menu are the same as the text

pop-up menu in front panel edit mode.

Copy to Clipboard

Import Picture

Import at Same Size

H e u e rt _

{Ea'égmei Size

J Size to Tth
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Scale Parts

A scale is a special kind of text part with markers for the text. The scale‘s

picture is the background for each of its markers. This background is

usually a transparent rectangle and therefore not visible, but you can see

it if you color one of the scale markers. A scale has the same options on

its pop-up menu as a text part, along with other options relating only to
scales.

Copy to Clipboard
Import Picture .

Import at Same Size

Beoert

Original Size ‘
Format 8* Precision...

Stgle

Mapping

Flip Scale

 
Flip Scale changes the tick marks on a vertical scale from the right side
to the left, or vice versa. On a horizontal scale, it changes the tick marks

from the top to the bottom, or vice versa. On a rotary scale, such as the

scale on a knob, dial, gauge or meter, it changes the tick marks from the

outside to the inside, or vice versa. Flip Scale does not move the scale.

You can position the scale by dragging it while in customize mode. Hold

the shift key down when dragging a scale to restrict the movement to one

direction only.

Controls as Parts

A control can include other controls as parts. A common example of this

is the digital display on a slide, knob, meter, or chart. There is no

difference between the digital display and the ordinary, front—panel

digital control, except that the digital display is serving as part of another
control.
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The digital display is also made up of parts. When you are editing the

original control in the control editor, the digital display behaves as a

single part, so you cannot change or move its parts individually. You can,

however, open a control editor for the digital display and customize it
there.

To customize a control that is a part of another control, open a control

editor for it. You can open a control editor window for the pan directly

from the original front panel, if it can be selected separately from the

main control in edit mode. The digital display can be selected separately

from the slide control, for instance. Then you can choose Edit Control
from the Edit menu.

You can always open a control editor window for the part from the

control editor window of the main control. Select the part in the control

editor and choose Edit Control. Control editors can be nested in this way

indefinitely, but most controls use other controls as parts only at the tOp

level. An exception is the graph, which uses complicated controls as

parts, which, in turn use other controls as parts.

You cannot open a second control editor window for the main control

already being customized.

The following figure shows the control editor for the slide on the left, and
a control editor window for the digital display on the right. You do not

have to be in customize mode to open a nested control editor window.
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Adding Cosmetic Parts to a Custom ControlI

When you are making a custom control in the control editor, you can add

cosmetic or text parts to it to make it even more distinctive.

If you paste a picture or text from the clipboard, create a label with the

labeling tool, or select a picture from the Decorations menu, that picture

or text becomes a part of your control and appears with the control when

you place it on front panels. You can do this in either edit or customize

mode in the control editor. You can move, resize, or change the layering

order of the new part, just like any other part. Your addition appears as a

decoration part in the parts window in customize mode.

You can also delete decoration parts while you are in the control editor.

The illustration below shows a custom graph that has some decoration

parts, including the Title of Graph label, the Legend. label, and the box -

around the legend parts. a

Title of Graph

 
Type Definitions 

In addition to using the control editor to customize the appearance of a
control, you can also use it to create a master copy of a control, called a

type definition. Type definitions are useful where the same kind of

control is used in many Vls. You can save the control as a type definition,

and use that type definition in all your Vls. Then, if you need to change

that control, you can update the single type definition file instead of

updating the control in every VI that uses it.
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Type Definition: Data types must match

A type definition forces the control data type to be the same everywhere

it is used. Use a type definition when you want to use a control of the

same data type in many places and when you may want to change that

data type automatically everywhere it is used. For example, suppose you

make a type definition fr0m a double-precision digital control, and that

you subsequently use that type definition in many different VIs. Later

you change the type definition to a 16-bit integer digital control.

LabVIEW will automatically update every VI that uses that type

definition, or if you prefer, indicate to you that the type definition in a VI

needs to be updated.

You can also make a type definition that is a cluster, such as a cluster of

two integers and a string. If you change that type definition to a cluster

of two integers and two strings, LabVIEW will update the type definition
everywhere it is used. -

Strict Type Definition: Everything must match

A type definition can also force everything about the control to be

' identical everywhere it is used, not just its data type but also its size,

color, and appearance. This is called a strict type definition.

As an example, suppose you make a Strict type definition that is a

double—precision digital control with a red frame. Like the type

definition, if you change the strict type definition to an integer,

LabVIEW will automatically update every VI that uses it, or indicate that

they need to be updated. Unlike the type definition, however, other

changes to the strict type definition, such as changing the red frame color

to blue, also requires VIs using it to be updated. ' ‘

Making a Type Definition

You make a type definition by saving a control in a control editor

window. Set up the control the way you want it, and choose Save from
the File menu in the control editor window. Check the box marked Save

Control as Type Definition in the dialog box before saving your
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control. To make a strict type definition, also check the box marked Save

as Strict Type Definition. '

 ESaue Control as Type Definition

ESaue as Strict Type Definition  
You can open any type definition you have saved by selecting Open
from the File menu. A type definition will always open in a control editor

window. Any changes you make to a type definition affects all VIs that

are using it.

Using a Type Definition

Place type definitions and strict type definitions on the front panel of a

VI as you would any custom control. You can edit and operate a type

definition on your front panel as you would any other control. When you

use a strict type definition on your front panel, however, you cannot edit
it in any way, except to give it a name.

You can only tell that a control is a type definition when you see the type

definition options in its pop-up menu, as shown below. You can easily

recognize a stricttype definition on your front panel, because you cannot

edit it, and most of its pop-up menu options are missing.

{innate Ham Egon §3§2¥.

J auto-Update Type Def.

Disconnect from Type Def. 
For each type definition that you use .on a front panel, LabVIEW keeps a

connection to the file or VI library in which it is saved. You can see this

connection in action if you place a type definition. ona front panel and
then select it and choose Edit Control from the Edit menu. The control

editor that Opens is the type definition you saved, with the name you gave

it, instead of the generic Control N.
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Automatic Updating

LabVIEW ensures that the data type is the same everywhere a type

definition is used, and that everything about a strict type definition is the

same everywhere it is used. LabVIEW automatically updates any type

definitions or strict type definitions on your front panel that are incorrect,

replacing the one on your front panel with the one saved in the file or VI

library.

If you have edited an instance of a type definition on your front panel

extensively, such as coloring and resizing it, you might not want this

automatic update feature. You can pop—up on the type definition on your

front panel and turn off the Auto-Update from Type Def. option.

Instead of automatically updating this type definition when necessary,

the VI will have a broken Run arrow and the type definition on the front
panel will be disabled. You cannot run the VI until you fix the type

definition, either by selecting the option Update from Type Def. from

the pop—up menu, or by changing the data type to match the type
definition.

Searching for a Type DefinitiOn

Because LabVIEW must keep a connection to the type definition, the file

or VI library containing the type definition rnUSt be available in order to

run a VI using it; If youopen a VI and LabVIEW cannot find a type

definition that the VI needs, the type definition control on the front panel

will be disabled and the Run arrow will be broken. To fix this problem,

you must either find and open the correct type definition, or pop-up on
the disabled control and select Disconnect From Type Def.

Disconnecting from the type definition removes the restrictions on the

control's data type and appearance, making it into an ordinary control.

You cannot re—establish that connection unless you find the type

definition and replace the control with it.

Cluster Type Definitions

If you use a type definition or strict type definition that is a cluster, use

the Bundle by Name and Unbundle by Name functions on the block

diagram to access the cluster‘s elements, instead of the Bundle and

Unbundle functions. These functions reference elements of the cluster by

name instead of by cluster order, and are not affected when you reorder

the elements or add new elements to the cluster type definition. If you

delete an element that you are referencing in Bundle by Name or
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UnBundle by Name, you will have to change your block diagram. Refer

, to the description of these functions in Chapter 8, Array and Cluster

Controls and Indicators, for more information.
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Numeric Controls and
Indicators

This chapter explains how to edit and operate numeric controls and

indicators. The first section introduces numeric objects, and subsequent

sections describe the features of the different styles of numeric controls
and indicators.

When you select Numeric from the Controls menu, a palette of controls

and indicators appears. As you move the selection arrow over an object

on the palette, a solid rectangular border surrounds the selected object,

and the name of the object appears at the bottom of the palette.

Boolean Emm IsI ”I
String P

array 8' Cluster P-----m
Graph P
Path 8; nefNum ’ 10.0-10.0-10.0 10.0-10.0

Decorations P 2:28 22:8 22:2 22:” 229
Control...

 
 
 

Controls

Numeric '  
   

 
 

  

 

  
  

 

 
 

   10.0
«21:1» 4:11:21» «=V=» «-:x- go.

020 1020 030 info 020 1030 0:0 1020 00

zone-®10 0

Di
 

 
ital Control  

In the above example, the digital control is selected. If you release the

mouse button at this point, a digital control appears on the front panel,

and a corresponding terminal will appear in the block diagram. Numeric

controls and indicators are either digital, slide, rotary, ring, enumerated,

color box, or color ramp controls. Block diagram terminals are described

in Chapter 11 , Introduction to the Block Diagram.
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Digital Controls and Indicators

A digital numeric control and indicator are shown below.

diuita‘l control

Digital numerics are the simplest way to enter and display numeric data
in LabVIEW.

Ell]

You can click inside the digital display window with the Operating tool

{in} and then enter numbers from the keyboard, or you can click on the
increment arrows with the Operating tool to increment or decrement theO t' t l -

pera mg 00 displayed value.

The enter button appears on the tools palette to remind you that the new

value replaces the old only when you press the enter key on the numeric

keyboard, click outside the display window, or click the enter button.

While the V1 is running, this prevents LabVIEW from interpreting

intermediate values as input. For example, while changing a value in the

digital display to 1 3 5 , you do not want the VI to receive the values 1 and

13 before getting 13 5. This does not apply to values you change using

the increment/decrement arrows.

enter button -

Further, numeric controls acceptonly decimal digits, 3 decimal point, +,

- , uppercase or lowercase e, and the terms Inf (infinity) and NaN (not

a number). If you exceed the limit for the selected representation,

LabVIEW coerces the number to the natural limit. For example, if you .
enter 1 2 34 into a control set for byte integers, LabVIEW coerces the

number to 127 . If y0u incorrectly enter non-numeric values such as aNN

for NaN, or I fn for Inf, LabVIEW ignores them and uses the previous
value.

The increment buttons usually change the ones digit. lncrementing a

digit beyond 9 or decrementing below 0 affects the appropriate adjacent

digit. lncrementing and decrementing repeats automatically. If you click

on an increment button and hold the mouse button down, the display

increments or decrements repeatedly. If you hold the shift key down

while incrementing repeatedly, the size of the increment increases by

successively higher orders of magnitude. For example, by ones, then by

tens, then by hundreds, and so on. As the range limit approaches, the
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increment decreases by orders of magnitude, slowing down to normal as
the value reaches the limit.

To increment a digital display by a digit other than the ones digit, use the

Operating tool to place the insertion point to the right of the target digit.

When you are finished, the ones digit again becomes the increment digit.

Numbers may become too large to fit in the digital display on the control.

You can View the complete value by resizing the control, making it

longer horizontally. '

Digital Numeric Options

You can change the defaults for digital numerics through their pop-up

mentis. The pop—up menu for a digital numeric is shown in the following
illustration.

Change to Indicator
Find Terminal

Show

Data Operations

Create flttribute Node

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

Representation

Data Range...

Format 8’ Precision...

  
Displaying Integers in Other Radixes

You can diSplay signed or unsigned integer data in hexadecimal, octal,

and binary form, in addition to decimal form. To change the form, select

Show Radix from the Show submenu of the numeric pop-up menu. A d
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appears on the housing of the numeric display as shown in the following
illustration.

digital control

lanai
Decimal -    

 
If you click on the cl, the menu shown in the previous illustration appears.

The number 32,753 is displayed in each radix in the following
illustration. '

diqital control — decimal di-ital control - octet

d_ 0-

di-ital control -hexadecimal di-ital COHtFOl ‘ binar

x7FF1 b111111'11111UUOl
 
Changing the Representation of Numeric Values

You can choose from 12 representations for a digital numeric control or

indicator. Use the Representation option from the Control or indicator

pop-up menu to change to 32-bit single-precision (SGL), extended—

precision (EXT) floating-point numbers, or one of the six integer

representations: signed (18) or unsigned (U8) byte (8—bit), signed (116) or
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unsigned (U16) word (16-bit), or signed (132) or unsigned (U32) long

(32-bit) integers.

 Change to Indicator
Find Terminal

. Show ) ..............

Data Operations b; '
Create Httribute Node E

- Replace

Representation

Datanange...
Format t‘r Precision...

 
  

  

  
 
 
 

  
 

fifi

You can also choose complex extended-precision (CXT), complex

double——precision (CDB), or complex single—precision (CSG)

floating-point numbers.

Setting the Range Options of Numeric Controls and Indicators

Each representation has natural minimum and maximum range limits.

For example, signed byte integers are limited to values from -l28
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through 127, whereas floating—point numbers have the ranges shown in

the following table.

Table 5—1. Range Options of Numeric Controls and Indicators

Extended

(platform-

dependent)

Maximum 1.7E308 1.1134932

Positive

Number _

Minimum 5.0E-324 1 .9E-495 1

Positive

Number

Minimum 5.0E-324 -1.9E-495 1

Negative
Number

Maximum —] .7E308 ~1.1E4932

Negative
Number

 
>
Note: Although LabVIEW can process in the range shown above, the range

ofextendedfloating-point numbers it can represent and display in text

format is i99999999999999999E999.
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You can choose other limits within these natural bounds with the Data

Range... option from the pop-up menu. The following dialog box

appears. '

Untitled 2;

Minimum ELL—Z:

Maximum IE]

Increment 0.00E+0

Double Plecis'ion

II Value is Out of Range: 
Numeric Range Checking

You can also limit intermediate values to certain increments. For

example, you might limit word integers to increments of 10, or single-

precision floating—point numbers to increments of 0.25. If you change

either the limits or the increment, you should also decide what to do if a

VI or the operator attempts to set a value outside the range or off the
increment. You have the following options.

Ignore LabVIEW does not change or flag invalid values.

Clicking on the increment and decrement arrows

changes the value by the increment you set, but

the value will not go beyond the minimum or
maximum values.

Coerce LabVIEW changes invalid values to the nearest

valid value automatically. For example, if the

minimum is 3, the maximum is 10, and the

increment is 2, valid values are 3, 5, 7, 9, and 10.

LabVIEW coerces the value 0 to 3, the value 6 to

7, and the value 100 to 10.

Suspend LabVIEW suspends execution of a VI or subVI

‘ when a value is invalid. However, Vls do not

suspend in the middle of execution; they suspend

only just before or just after a VI runs. When you
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choose to suspend on invalid values, LabVIEW

keeps a copy of all the front panel data in

memory in case you need to open the front panel
to show an error.

If the value of a control is invalid before a VI runs (either before you click

. on the Run button on a top-level VI, or when a subVI is about to execute),

the VI is suspended. A suspended VI behaves as if there were a

breakpoint at the beginning of that subVI. The front panel of the VI opens

(or becomes the active window) and the invalid control(s) are outlined in

red (or a thick black line in black and white). The run mode palette of a

suspended subVI looks like the following illustration.

You must set the control to a valid value'before you can proceed. When ,

all control values are valid, the run mode palette looks like the following
illustration, and you can click on the Retry button and then on the
Resume button to continue execution.

 

My». 2mm...
button button

If the value of an indicator is invalid when a subVI finishes running, or

if an indicator was invalid at any time while the subVI was running,

execution pauses as if there were a breakpoint at the end of that VI. The

front panel of the VI opens (or becomes the active window) and the

' indicator(s) that are currently invalid are outlined in red (or a thick black

line in black and white). The run mode palette of the suspended subVI

looks like the following illustration.

IE®

You must set the indicator to a valid value before you can proceed. In this

situation, you can enter values directly into the indicator. You can also

change the control values to produce valid outputs and run the subVI

again by clicking the Retry button. When all indicator values are valid,
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the run mode palette looks like the following illustration, and you can
click on the Resume button to continue execution.

Changing the Formatand Precision of Digital Displays

In their default settings, digital displays have two digits of fractional

precision. That is, they display two digits to the right of the decimal

point. You can change the precision for displays to be 0 through 20

digits. The precision you select affects only the display of the value; the

‘ internal accuracy still depends on the representation.

You can change the notation from decimal to scientific or engineering as

shown in the following illustration.

3‘ 35.?000 E 3.5?UUUUE+1 g 35ng +0

Floating-point notation Scientific Notation Engineering Notation

4 Digits of Precision 6 Digits of Precision 3 Digits of Precision
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To change either of these parameters of the digital display, use the dialog

box shown in the following illustration, which appears when you select

the Format & Precision... option from the display pop-up menu.

Boeimefi\ ---------------------------------------------------------------------------------------

© Floating Point Notation

O Scientific Notation

_C) Engineering Notation

E xample:

3.14 
The display updates after you click in the OK button.
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Slide Numeric Controls and Indicators 

The slide controls and indicators are shown in the following illustration.

Sim -le Vertical Slid A Vertical Slide Vertical Pointer Slide

{II}II
A A

10.00- 3 10.00- 10.00- =
a-8.00- 8.00- 8.00—

6.00- 6.00- 6.00-

4.00- 4.00— 4.00—

2.00— 2.00- 2.00-

, 0.00— v ‘ 0130-,7 0.00— v

«2:2» 4311:!» .=_—::w
d

I I I l I I I I
0.00 5.00 10.00 0.00 5 .00 10.00 0.00 5.00 1 0.00

10 00 A Vertical Fill Slide ______ Tank~ - : 10.00- 3 10.00— ..
a d gum. a d8.00— 3.00- 8.00—

6.00- 6.00- 6.00-

4-00- 4.00- 4.00—

2.00- '2.00— 2.00-

0.00— v 0130— 0.00-

! orizontal Fill Slide

adEEII
d_:ll>I I l
0.00 5.00 10.00

Each slide has a digital display. You can use the digital displays to enter

data into slide controls, as explained in the Digital Controls and

Indicators section of this chapter. You can use the Operating tool on such

parts as. the slider, the slide housing, the scale, and increment buttons to
enter data or change values. The slider is the pan that moves to show the

control's value. The housing is the non—moving part that the slider moves
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on or over. The scale indicates the value of the slider, and the increment

buttons are small triangles at either end of the housing.

 
You can drag the slider with the Operating tool to a new position. If the
V1 is running during the change, intermediate values may pass to the

program, depending on how often the VI reads the control.

You also can click on a point on the housing and the slider will snap to

that location as shown in the following illustrations. Intermediate values

will not pass to the program.

 
If you use a slide that has increment buttons, you can click on an

increment button, as shown below, and‘the slider will move slowly in the

direction of the arrow. Hold down the shift key to move the slider faster.

Intermediate values may pass to the program.

 I5.00 1 0%
Just like the digital numerics, slides have Representation, Data

, Range..., and Format & Precision options in their pop-up menus. These

options work the same as they do for digital displays, except that slides
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cannot represent complex numbers. Slides also have other Options. The
following illustration shows a slide pop-up menu.

Change to Indicator
Find terminal

Show D

Data Operations >

Create Httribute Node

  
  

  
 

  
  

  
 
  

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

Representation

Data Range...

Format 8* Precision...
Fldd Slider

Fill Options

 

Tth Labels-

The Digital Display option in the Show submenu of the pop-up menu

controls whether the slide's digital display appears.

  
 

  

 

   

Slide Scale

The-scale submenu options apply to the slide's scale only. The Format

& Precision option functions as described in the Changing the Format

and Precision ofDigital Displays section of this chapter. The scale pop-

up menu is shown in the following illustration.

’ Format 8' Precision...

...................... L........................."nu-"u”...uuun.nu"........ 8 t9 I e >

The Style option gives you the palette shown in the following

illustration. You can display a scale with no tick marks or no scale

values, or you can hide the scale altogether.
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The Mapping item gives you the option of linear or logarithmic scale

spacing, as shown in the following illustration.

J Line a r

Lo . arithmic

If you change to Logarithmic spacing, and the low scale limit is less than

or equal to zero, the limit automatically becomes 1 and LabVIEW

revalues other markers accordingly. Keep in mind that scale options—

including the mapping functions—are independent of the slide data range

values, which you change with the Data Range pop-up option. If you

want to limit your data to logarithmic values, you need to change the data

range to eliminate values less than or equal to zero.

  

Changing Scale Limits

. The scale of a numeric control or indicator has two or more markers,

which are labels that show the value associated with the marker position.

The outer two markers are the scale limits, and they are not required to «

coincide with the range limits, but can be a subset of the range of the

control or indicator. For example, the default range of a 16-bit signed

integer control or indicator is -32,768 to 32,767. However, you can set

the data range to be —1,000 to 1,000 and then set the scale limits to be 0
and 500.
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range

 
  

data range

representation limit

You can change a scale's minimum, maximum, and increment in five

ways using either the Operating tool or the Labeling tool. .

. If you type a new maximumtvalue into its display, the minimum
stays the same, and LabVIEW recalculates the increment

automatically.

. If you type a new minimum value into its display, the maximum

stays the same, and LabVIEW recalculates the increment

automatically.

- If you type the current minimum value into the maximum display,

LabVIEW flips the scale so that what was formerly the minimumis
now the maximum, and vice versa. LabVIEW also recalculates the

increments.

. If you type into any intermediate marker, the increment becomes

that value minus the minimum.

- If you change the size of the slide, the increment adjusts so that the

markers do not overlap."

Text Scale

You can also use text labels on numeric scales. Labels are useful because

they allow you to associate unsigned 16-bit integers with strings. This

configuration is useful for selecting mutually exclusive options. To

enable this option, select Text Labels from the slide pop—up menu. The

slide control appears with default text labels, min and max, and you can

begin typing immediately to enter the labels you want. Press <shift-

enter> after each label to create a new label, and enter after your last label
to finish.

You can use the Labeling tool to edit min and max labels in the text

display or on the slide itself.
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Function ' A Function
A max-

Change to Indicator “—
Find Terminal

Show

Data Operations

Create Httribute Node

3, min-

Representation

Data Range...
Format 8* Precision...

Hdd Slider

Fill Options 
, Tenttabels" R

You can pop-up on the text display and select Digital Display from the
Show submenu to find out what numeric values are associated with the

text labels you create. These values always start at O and increase by 1
for each text label.
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‘ Use the Add Item After or Add Item Before option from the text

display pop-up menu to create new labels, as shown in the following

    
  

  

 
   

illustration.

s.

' volts AC— ——-_T.

Change to Indicator
' i‘étiti

Show )

Data flperations D

Ereate Httribute Node

yous nc— ................................................................................

fldd Item Before

Resume item

”hm?

Volts m:—

Volis DIS-v

You can also press <shift-enter> to advance to a new item when you are

editing the existing items.

Filled and Multivalued Slides

The Numeric palette contains four controls that are configured to fill
from the minimum to the slider value. These controls include a vertical

. slide, a horizontal slide, the tank, and the thennometer. Using the Fill

Options item in the pop-up menu, you can turn all slides into fill slide,

and you can turn fill slides into regular slides. Normally, you have three

choices, as shown in the following illustration: fil] from the minimum
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value to the slider location, fill from the maximum value to the slider

location, or use no fill.

 
You can also show more than one value on the same slide. To do so.
choose Add Slider from the pop-up menu. A new slider appears along

with a new digital display.

10.0-

8.0-

6.0-

4.0-

2.0—

0.0-

  

 

F" aV

F" ‘00 mKIIIKII]  

When you do this, two more options appear in the Fill Options palette:
Fill to Value Above and Fill to Value Below. These options apply to the
active slider.

10.0 - 10.0 -
T

5.0 fil 5.0-fi0.0 - 0.0 .

10.0- 10.0-

503; its-g10.0- 0.0- 
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The Rotary Numerics 

The rotary numerics are shown in the following illustration.

Knob Dial

 
The rotary objects have all the same options as the slide, except for the

fill options. The sliders (or needles) in rotary objects turn rather than

slide, but you operate them the same way you operate slides.
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0-00 1 0.00

Rotary controls, like linear controls, can display more than one value, as
shown in the illustration above. You add new values by selecting Add

Needle from the pop-up menu, in the same way you add new values to
slides.

If you move the Positioning tool to the scale, the tool changes to a rotary

cursor. If you click and drag on the scale's outer limits, you can change

the arc‘that the scale covers. If you click and drag on the scale's inner

markers, you can rotate the are; it will still have the same range but

different starting and ending angles. This procedure is shown in the

following illustration. Hold down the shift key to snap the arc to 45-

degree angles.

Place the cursor on the knob scale, where it changes appearance to a
double arrow horseshoe.
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Dragging outer markers changes the size of the scale arc.

 
Ring Controls

Rings are special numeric objects that associate unsigned 16-bit integers

with strings, pictures, or both. They are particularly useful for selecting

mutually exclusive options, such as trigger modes. For instance, you may

want users to be able to choose from continuous, single, and external

 

 
 

 

    

  

triggering.

-

'_l:_‘
' J Continuous

Sin 9 I e
Enternal
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In the example above, the ring labeled TI igger Mode has three mode

descriptors, one after another, in the text display of the ring. LabVIEW

arranges items in a circular list (like a Rolodex) with only one item

visible at a time. Each item has a numeric value, which ranges from O to

n-l, where n is the number of items (3 in this example). The value of the

ring, however, can be any value in its numeric data range. It will display
the last item (External, above) for any value 2 2 and the first item

(Continuous, above) for any value 5 0.

Users can use this ring to choose an option from an easy-to-understand

list without having to know what value that option represents. The value

associated with the selected option passes to the block diagram, where,
for example, you can use it to select a case from a Case structure

(conditional code) that carries out the selected option.

You can select an item in a ring control two ways. You can use the

increment buttons to move to the next or previous item. Incrementing

continues in circular fashion through the list of items as long as you hold

down the mouse button. You can also select any item directly by clicking
on the ring with the Operating tool and then choosing the item you want

from the menu that appears. The rings are shown in the following
illustration.

5i itll"!
' Text Rin- Pict Rin- Text 3a Pict Rina

Menu Rin-

A new text ring has one item with a value of zero and a display
containing an empty string. You enter or change text in the display

window as you do with labels, using the Labeling tool. Press the

keyboard enter key or click outside the display window to end the editing

process. The Add Item Before inserts a new item in front of the current

item. The Add Item After option from the text ring pop-up menu creates

a new empty item following the current one. If you are editing item 0

when you select Add Item After, for example, LabVIEW creates item

1, ready for you to enter text for the new item. You can also press <shift-

enter> after typing in an item to advance to a new item.
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You add items to the menu ring the same way you add items to the text

rings. However, the menu ring looks and operates like a pull-down menu.

It has no increment buttons. You select an item by clicking on the ring

and selecting an item from the menu that appears. The ring displays the

currently selected item. ’

For every ring, the item values above the insertion point increase by one

to adjust for. the new item. For example, if you insert an item after item
4, the new item becomes item 5, the previous item 5 becomes item 6, 6

becomes 7, and so on. If you insert an item before item 4, the new item

becomes item 4, the previous item 4 becomes item 5, 5 becomes 6, and
so on.

Use the Remove Item command from the ring pop-up menu to delete

any item. As with the add item commands, the item numeric values

adjust automatically.

If you set a ring indicator or control to a value smaller than 0 or greater

than the number of items included, the control or indicator displays the

first or the last item, respectively.

EnUmerations 

An enumeration is similar to a ring control. If data from an enumeration

is connected to a case structure, however, the case displays the string

instead of the number. The enumeration data type is unsigned byte,

unsigned word, or unsigned long, selectable from the Representation

palette.

Front Panel Enumeration

object ‘ . _
Continuous Dlgllal Display

BIOCk Diagram Enumeration 
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To enter items into an enumeration, use the Labeling tool. Press
<shift>-<enter> to enter a new item. Click outside the enumeration when

you havefmished entering items.

Ifyou enter more than two items into an enumeration, you must add cases
to the case structure for all the conditions to be available as cases.

All arithmetic operations except Add One and Subtract One treat the
enumeration the same as an unsigned numeric. Add One increments the

last enumeration to the first, and Subtract One decrements the first

enumeration to the last.

If you connect a numerical source to an enumeration indicator, it will

convert to an enumerator item by pinning the value. If you connect an

enumeration to a numerical data sink, the enumeration index is the.

number transmitted. If you wire an enumeration control to an

enumeration indicator, you will get a bad wire if the enumeration items
do not match. I

Color Box

The color box displays a color corresponding to a specified value. The

color value is expressed as a hexadecimal number with the form
RRGGBB, in which the first two numbers control the red color value, the

second two numbers control the green color value, and the last two

numbers control the blue colorvalue.

, FFFFFF (White)

Red Green ‘B ue 
You can set the color of the color box by clicking on it with either the
Operating or Coloring tool to display a color palette, as shown in the
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following illustration. Releasing your mouse button on the color you
want selects that color.

  @133 =::=:==:::=::==:e:garages-em
 

  

I
I
I

I .. .- ,
I I E $fi‘ 23$3:
I UDDDDDDDDDDDDDDDDDUDDEID

Color boxes are typically used on the front panel as indicators. The

easiest way to set the color of a color box is to use the color box constant,

from the Structs & Constants palette of the Functions menu in the

Block Diagram Window. Wire the color box constant to the color box

terminal on the block diagram. Clicking on the color box constant with

either the Operating or Coloring tool displays the same color palette that

you use to set the color box with. You can use a series of color box

constants inside a case structure to change the color box indicator on the

front panel to a variety of colors to indicate different conditions.

The small T in the color palette represents the transparent color.
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Color Ramp

The color ranip displays a color corresponding to a specified value. You

can configure a color array, which consists of at least two pairs, each

consisting of a level and the display color corresponding to that level. As

the input value changes, the color displayed changes to the color

corresponding to that value.

colt-r displag area  

 Color Arrau
100.0-

- 50.0—

0.0-  
6032 '

digital dis-la

underflow on or

You create these pairs using the color array. The color array index

determines the number of levels. You select a level using the color array

index, and then set the level, using the Operating Tool. Choose the color

for each value by clicking in the color box with the Operating tool and

selecting the color you want from the color palette that appears.

When the color ramp first appears on the front panel, it is set to have three

levels. Level 0 is set to the value 0, and the color black. Level 1 is set to
the value 50 and the color blue. Level 2 is set to the value 100 and the

color white. You can add levels, change the values, and set the colors as

you choose.

You can use the lnterpolate Colors option of the color ramp pop—up

menu to select whether the control interpolates colors to display shades

of color for values between the specified levels, or changes to a specific

color only when the input value reaches a level specified in the color

array. If Interpolate Colors is off, the color is set to the color of the

largest level less than or equal to the current value.
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The color array is always sorted by level. The scale on the ramp

corresponds to the largest and smallest values in the array. When the

minimum or maximum of the scale changes, the color array levels are

automatically redistributed between the new values.

The color ramp has a number of options which you can display or hide.
These options including the label, the color array, the digital display, and

the ramp. '

The ramp component of this control has an extra color at the top and the

bottom of the scale. These colors allow you to select a color to display if ‘
an overflow or an underflow occurs. Click in these areas with the

operating tool and select your overflow and underflow colors from the

color palette. ’

Both the color ramp and the color box are used to display a numeric value

as a color. With the color ramp, you can assign any range of numbers to

any range of colors. The color box, however, displays only the color

specified by the red, green, and blue components of the numeric value;

any given value always maps to the same color.

You can use the color ramp to specify color tables for the Intensity Graph

and Intensity Chart controls. See Chapter 9, Graph and Chart Indicators,
for more information on these controls. '
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Units 

Any numeric control in LabVIEW can have physical units, such as

meters or kilometers/second, associated with it. Any numeric control

with an associated unit is restricted to a Floating point data type.

Units for a control are displayed and modified in a separate but attached

label, called the unit label. You can show this label by selecting the
option from the popup menu.

Change to Indicator
Find Terminal

snow « i»—
Data Operations > Unit label

Create Flttrihute Node HadiH

  
 

 

 
 

 
 

numeric

Ellll I]

Once the unit label is displayed, you can enter a unit using standard

abbreviations such as m for meters, f t for feet, 5 for seconds, and so on.

If you are not familiar with which units are allowed, enter a simple unit

such as m, then pop up on the unit label and select Unit A dialog box

appears that contains information about the units LabVIEW has

available. You can use this dialog box to replace your first unit with a

more appropriate choice.

The following numeric control is set to have units of meters per second.

numeric
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The following tables list all the unitsyou can use with the units feature

Table 5-2. Base Units

Quantity Name Abbreviation

plane angle radian  
  

  
solid angle steradian

 
time second

 length  meter

  mass _ gram 

   electric current ampere 
  

 

thermodynamic kelvin

temperature
 

  
 
 amount of mole

substance 

  
 

luminous candela

intensity
 
 

.Table 5-3. Derived Units with Special Names

Quantity Name Abbreviation

frequency hertz 
 

    

 force newton 

  pascal  pressure  

   joule  energy -

 
 

 watt power

 
 

 electric charge coulomb

 volt

farad

electric potential

 
 

capacitance

 
 

electric resistance ohm

 conductance Siemens 
  magnetic flux weber 
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'I:able 5-3. Derived Units with Special Names (Continued)

magnetic flux density

inductance henry

luminous flux lumen

illuminance lux

Celsius temperature degree Celsius

activity becquerel

absorbed dose gray

dose equivalent sievert

time

time day

plane angle degree

plane angle minute

plane angle second

volume .liter

mass metric ton

area hectare

energy electron volt

mass ‘ unified atomic

mass, unit
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Table 5-5. CGS Units

Quantity Unit Abbreviation

Name ,

area barn b

force dyn

 
  

energy

pressure

Table 5-6. Other Units
\

Fahrenheit degree

temperature Fahrenheit

Celsius temperature Celsius degree
difference ~

Fahrenheit ~ Fahrenheit
temperature difference degree

length foot

length . inch

length mile

area acre

pressure atmosphere

energy calorie

energy British thermal
unit
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Entering Units

If you try to enter an invalid unit into a unit label, LabVIEW will flag the
invalid unit by placing a ? in the label, as shown in the following
illustration. ‘

time

Notice that you must enter units using the correct abbreviations, as

shown in the following illustration.

Ell}

time

n 9.]

Also, notice that LabVIEW will not allow you to enter ambiguous units.

Thus m/ss is flagged, because it isn't clear whether you mean meters per

second squared, or (meters/seconds) * seconds. To resolve ambiguity,

you may have to enter the units differently, as shown in the following
illustration.

invalid -

valid -

valid - -
valid —

You cannot select units for a chart or graph unless you wire them to an

object that has an aSSOCiated unit. You can then show the unit that the

chart or graph has acquired through the connection. You can change this

unit to another unit that measures the same phenomenon. but not to a unit

measuring a different class of quantity or quality. For example, if an

input to a chart carries the unit mi, you could edit the chart unit to f t,

in, or m, but not to N, Hz, min, ac: e, or A.

III}[IIIIII}
III}
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Units have Stricter Type Checking

A wire connected to a source that has a unit associated with it can only

connect to a destination with a compatible unit, as shown in the following
illustration. '

u-mfs

-m

 
In the case of the previous illustration, the distance display will

automatically be scaled to display kilometers instead ofmeters, since that

was the specified unit for the indicator.

Notice that you cannot connect signals with incompatible units, as shown

in the following illustration. If you select List Errors from the popup
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menu for the broken wire shown below, the error window indicates that

the error is “Signal: unit conflict”.

3-m 3'5 distance

 

  
Some functions are ambiguous with respect to units, and cannot be used

with signals that have units. For example, the Add One function is

ambiguous with respect to units Ifyou are using distance units, Add One

cannot tell whether to add one meter, one kilometer, or one foot. Because

of this ambiguity, the Add One function and similar functions cannot be
used with data that has associated units.

One way around this difficulty is to use a numeric constant with the
proper unit and the addition function on the block diagram to create your
own Add One unit function. ’

distance + 1 
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Polymorphic. Units

If you want to create a VI that computes the root mean square value of a

waveform, you have to define the unit associated with the waveform. A

separate VI would be needed for voltage waveforms, current waveforms,

temperature waveforms, and so on. To allow one VI to do the same

calculation, regardless of the units received by the inputs, LabVlEW has

polymorphic unit capability. i '

You create a polymorphic unit by entering $x, where x is a number (for

example, 5 1 ) . You can think of this as a placeholder for the actual unit.

When the VI is called, LabVIEW substitutes the units you pass in for all

occurrences of $1: in that VI.

A polymorphic unit is treated as a unique unit. It is not convertible to any

other unit, and propagates throughout the diagram just as other units do.

When it is connected to an indicator that also has the abbreviation $ 1 , the

units match and the VI can compile.

$ 1 can be used in combinations just like any other unit. For example, if

the input is multiplied by 3 seconds and then wired to an indicator, the

indicator must be :3 1 3 units. If the indicator has different units, the

block diagram will show a bad wire.

If you need to use more than one polymorphic unit, you can use the
abbreviations $2, $ 3,1 and so on.

A call to a subVI containing polymorphic units will compute output units

based on the units received by its inputs. For example, suppose you

create a VI that has two inputs with the polymorphic units $ 1 and $ 2 that
creates an output in the form $ 1 $2 / s. If a call to the VI receives
inputs with the unit m/ s to the $ 1 input and kg to the $2 input, the

output unit would be computed as kg m / s ‘ 2.

Suppose a different VI has two inputs of $ 1 and $ 1 / s, and computes an

output of $ 1 ‘ 2. If a call to this VI receives inputs ofm/ s to the $ 1 input

and m/ s * 2 to the $ 1 / 5 input, the output unit would be computed as

m“ 2 / ' s ‘ 2. If this VI receives inputs ofm to the $1 input and kg to

the $ 1 / 5 input, however, one ofthe inputs would be declared to be a unit

conflict and the output would be computed (if possible) from the other. .

A polymorphic VI can have a polymorphic subVI because the respective
units are kept distinct.
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Boolean Controls and

Indicators r  
 

This chapter discusses how to create and operate Boolean controls and
indicators. ' '

Creating and Operating Boolean Controls and
Indicators

Boolean controls and indicators are available from the Boolean palette
in the Controls rnenu.

Controls

String
array 0 Cluster
Graph

Path 6* HefNum
Decorations

Control... 
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Boolean controls that simulate mechanical-action push-button, toggle,
and slide switches are shown below.

Round Button Labeled button To- -le Switch Slide switch

Checkbox Radio button Push Button LED Button Dialo- Button

.

 

 

' Boolean indicators that simulate LEDs are shown below.

em LED

0 D

Clicking on a Boolean control withthe Operating tool toggles it between

its TRUE (on) and FALSE (oft) states. In run mode, clicking on an

indicator has no effect, while in edit mode, clicking toggles indicators off
and on.
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Configuring Boolean Controls and Indicators 

Each Boolean control or indicator-has a default set of attributes. You can

change these attributes through the object's pop-up menu. The pepvup

menu for a Boolean object is shOWn below.

To- -19 Switch

F" 1I

 

  
  
  
 

  
  

Change to Indicator
Find Terminal

Show b

Data Operations it

Create Httribute Nod

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

Data Range >
Mechanical Hctinn }

Release Tent

The options above the dotted line in the pop-up menu are common to all
controls and indicators and are described in the Chapter 2, Editing VIs,

of this manual. The options below the line are described in the following
sections.

Labeling Booleans

Several controls in the Boolean palette are labeled Booleans. Initially,

the buttons display the word ON in their TRUE‘state and the word OFF

in their FALSE state. (When you click on the button with the Operating

tool, the control toggles to the opposite state.) In edit mode, you can use

the Labeling tool to change the text in either state; for example, YES
instead of ON.

-I
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By default, the text is centered on the button. If you want to move the

text, select Release Text from the pop—up menu. Notice that Release

Text is then replaced in the pop-up menu by Lock Text in Center.

I Release Text

I Lock Tth in Center

Now you can use the Positioning tool to reposition the text, or choose the

option Lock Text in Center. Use the Text menu to change the font, size

and color of the Boolean text. Selecting Use Default Font changes the

Boolean text to the default font, which you can set in the Text Style...

dialog box. You can also remove the button label from either state by

selecting Hide Boolean Text from the button pop—up menu.

The Boolean objects that do not appear in the palette as labeled Booleans

are unlabeled by default. However, you can select Boolean Text from
the Show submenu to make them labeled. You can move the Boolean

text in these Booleans. Their text is not locked in the center of the button.

If you want to change the font of either the label or the Boolean text

without changing both, select what you want to change with the Labeling

tool, and then use the Text menu options to make the changes you want.

Stopping on a Boolean Value

If you want to suspend a VI if a conditional test fails to produce the

correct Boolean value, select Suspend if True or Suspend if False from

_ the Data Range submenu of the Boolean pop-up menu.

Boolean Range Checking

You may want to detect errors in Boolean values. If you expect a Boolean

to be TRUE always, you can select Suspend IfFalse from the Data

Range submenu of the Boolean pop-up menu. If you expect the Boolean

to be FALSE always, you can select Suspend If True to catch errors. If

the unexpected Boolean value occurs, the VI suspends before or after it

executes as described for the Suspend option of numeric range.
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Configuring the Mechanical Action of Boolean Controls

Boolean controls have six types of mechanical action. Select the

appropriate action for your application from the pop-up menu

Mechanical Action palette. In these palette symbols, M stands for the

motion of the mouse button when you operate the control, V stands for

the control's output value, and RD stands for the point in time that the VI
reads the control.

 
The Switch When Pressed action changes the control value each time

11-11;; you click on it with the operating tool, in a manner similar to that of a
.931. light switch. The action is not affected by how often the VI reads the

control

"I” The Switch When Released action changes the control value only after
u _.I' you release the mouse button dunng a mouse click within .the control’s

.031. graphical boundary. The action is not affected by how often the VI reads
the control.

Wu The Switch Until Released action changes the control value when you
un click on it, and retains the new value until you release the mouse button,.1...
_, °_ at which time the control reverts to its original value, similar to the

operation of a door buzzer. The action is not affected by how often the

VI reads the control.

With Latch When Pressed action, the control changes its value when

TE you click on it, and retains the new value until the VI reads it once, at
M —L1 ' which point the control reverts to its default value, whether or not you

keep pressing the mouse button. This action is similar to that of a circuit

breaker and is useful for stopping While-Loops or when you want the VI

to do something only once each time you set the control.

m}:— The Latch When Released action changes the control value only after
u _lL you release the mouse button within the controls graphical boundary.
Ito—J—t When your VI reads it once, the control reverts to the old value. This

guarantees at least one new value.
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With Latch Until Released action, the control changes value when you

Til-LN? click on it, and retains it until your VI reads it once or you release the
M 1 1 mouse button, whichever occurs last. '

Customizing a Boolean with Imported Pictures

You can design your own Boolean style by importing pictures for the

TRUE and FALSE state of any of the Boolean controls or indicators.

This process is explained in the Creating a. Custom Control section of

Chapter 4, Introduction to Front Panel Objects.
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String and Table Controls

and Indicators

This chapter discusses how to use string controls and indicators, and the
table. You can access these objects through the String palette of the
Controls menu.

 
 

Controls

  
  
  

  
  

' String .

Hrrag 8' Cluster

Braph

Path 8* HefNum

Decorations

Control...

Using String Controls and Indicators

A string control and string indicator are shown in the following
illustration.

Control

CC:—

You enter or change text in the string control using the Operating tool or

the Labeling tool. As with the digital control, new or changed text does

not pass to the diagram until you press the enter key on the numeric

keypad, click on the enter button in the tool palette, or click outside the

control to terminate the edit session. Pressing the <Enter> key on the

alphanumeric keyboard enters a carriage return.

© National Instruments Corporation 7-] LabVIEWfor Windows User Manual

DEFS 00031756

Page 169 of 460



Page 170 of 460

String and Table Controls and Indicators Chapter 7

When the text reaches the right border of the display window, the string

wraps to the next line, breaking on a natural separator such as a space or
tab character. ’

Note: In run mode, you use the tab key to move to the next control. In edit

mode, pressing the tab key changes tools. To entera tab character into

a string, select the Enable ‘\’ Codes optionfrom the string pop-up

menu and type \,t. T0 enter a carriage return into a string,- press the

return key on the alphanumeric keyboard, or select the Enable ‘\’ I
Codes optionfrom the string pop-up menu and type \I . To entera line

feed into a string, type \anee Table 7-1 , LabVIEW ‘\’ Codes, for a

complete list of ‘\’ codes.

Options for String Controls and Indicators 

Strings have special features that you can access through the string pop-

up menu, shown below.

Change to Indicator
Find Terminal

Show '

Data Operations

Create Httribute Node 
Enable "5' Codes

Using the Scrollbar with String Controls and Indicators

If you choose the Scrollbar option from the string pop-up Show

submenu, a vertical scrollbar appears on the string control or indicator as

shown below so that you can display text not visible in the string control.

You can use this option to minimize the space taken up on the front panel

by string controls that contain a large amount of text. If the menu item is
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dimmed, you must make the string taller to accommodate the scrollbar

before you choose this option.

While you can make the scrollbar in a a
string control or indicator appear

after enlarging the object up and

down arrows and the sorollbar slide
do not appear until text actuallu rolls
over the size of the window available

for text .

 

  
  
  
 

Entering and Viewing VNondisplayable Characters

Choosing the option Enable ‘\’ Codes from the string pop-up menu

instructs LabVIEW to interpret characters immediately following a

backslash ( \ ) as a code for nondisplayable characters. The following

table shows how LabVIEW interprets these codes.

Table 7-1. LabVIEW ‘\’ Codes

LabVIEW Interpretation

\00- \FF Hex value of an 8-bit character; must be uppercase

Backspace (ASCII BS, equivalent to \08)

Formfeed (ASCII FF, equivalent to \OC)

 
 

  

  

 
  
 

 

 
 

 

New line (ASCII LF, equivalent to \OA)

Return (ASCII CR, equivalent to \0D)

Tab (ASCII HT, equivalent to \09) .

Space (equivalent,\20)

Backslash (ASCII \, equivalent to \SC)

Use uppercase letters for hexadecimal characters and lowercase letters

for the special characters, such as formfeed and backspace. Thus,
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LabVIEW interprets the sequence \BFaIe as hex BF followed by the

word are, whereas LabVIEW interprets \bFar e and \bfare as a

backspace followed by the words Fare andfare. In the sequence

\Bfar e, \B is not the backspace code, and \Bf is not a valid hex code.

In a case like this, when a backslash is followed by only part of a valid

hex character, LabVIEW assumes a 0 follows the backslash, so

LabVIEW interprets \B as hex 0B. Any time a backslash is not followed

by a valid hex character, LabVIEW ignores the backslash character.

You can enter some nondisplayable characters from the keyboard, such

as a carriage return, into a string control whether or not you select Enable

‘\’ Codes. However, if you enable the backslash mode when the display
window contains text, LabVIEW redraws the display to show the

backslash representation of any nondisplayable characters as well as the
\ character itself.

Suppose the mode is disabled and you enter the following string.

left

\Iight\3F

When you enable the mode, the following string appears because the

carriage return after 1 ef t and the backslash characters following it are

shown in backslash form as \r \\ .

left\n\\right\\3F

Suppose now that you select Enable ‘\’ Codes and you enter the

following string.

left

\Iight\3F

When you disable the mode, the following string appears because
LabVIEW originally interpreted \1: as a carriage return and now prints

one. \ 3 F is the special representation of the question mark (1’) and prints
this way.

left

ight?

Now if you select Enable ‘\’ Codes again, the following string appears.

left\n\right?

Indicators behave the same way.
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Notice in these examples that the data in the stringdoes not change from

one mode to the other. Only the displayed representation of certain

characters changes. '

The backslash mode is very useful for debugging programs, and for
sending non-printable characters to instruments, serial ports, and other
devices.

Using the Table 

A table is a 2D array of strings. The following illustration is an example

of a table with all its features shown.

Cell indicated by
index values

row

headings .

vertical

index

horizontal E
indexfl
column

headings scrollbar

horizontal

scrollbar

 
A table has row and column headings which are separated from the data

by a thin, open border space. You enter headings when you place the

table on the Front Panel, and you can change them using the Labeling

too] or Operating tool. You can update or read headings using the
Attribute node.

The index display indicates which cell is visible at the upper left comer

of the table. You can operate these indices just as you do on an array.
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You can resize the table from any comer with the Resizing tool. You can

resize individual rows and columns in a table by dragging one of the

border lines with the Positioning too]. When the too] is properly placed
to drag a line, one of the drag cursors in the following illustration

appears. Click and drag to resize the row or column.

A
T

«it»

You can use the keyboard to enter data into a table rapidly. Click inside

a cell with either the Operating tool or the Labeling tool, and enter your
data from the keyboard.

When you are in run mode or edit mode, the <Enter> key on the ,
alphanumeric keyboard will enter your text and move the cursor into the

cell below. The <Enter> key on the numeric keypad will enter your data

' and terminate entry. Pressing the <Shift> or the <Ctrl> key while

pressing the arrow keys moves the entry cursor through the cells.

You can also copy, cut and paste data, using the Copy Data, Cut Data,

and Paste Data options in the Data Operations submenu of the pop—up
menu. Select data using the Operating or Labeling tool. You can

double—click in a cell to select it, or click in a cell and drag to select a

number of cells for copying or pasting. Moving outside the current

contents of the table will scroll the table while extending the selection. A

border appears around selected cells to indicate that they have been
selected.

You can also select all the data in a table, or all the data in a row or

. colunm. Position the Operating or Labeling tool at the upper left corner

of the table to select all data. A special, double-arrow cursor appears
when the tool is positioned properly. Click the mouse to select the data.

[Ely
LE

11

To select an entire row or column of data, position the Operating tool or
Labeling tool at the left border of a row, or at the top of a column. Again,
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a special arrow cursor appears when the tool is properly positioned. Click

and drag across width of column or height of row to select the data.

‘

[E] El
[E] Ell

If you cut the top rout of data, all rows below it scroll up. If you cut the
left-most column of data, all columns scroll left.

The row and column headings of a table are not part of the table data.

Table headings are a separate piece of data, and can be read and set using
the attribute node.

The table is the same as a two-dimensional array of strings as far as the

LabVlEW block diagram is concerned. Because of this, LabVIEW

functions that operate on a 2D array of strings (such as the Array To

Spreadsheet String function, for example) can be particularly helpful in

using the table. See Chapter 6, String Functions, of the LabVIEW

Function Reference Manual for information on using the these functions.
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Array and Cluster

ontrols and Indicators

This chapter describes how to use LabVIEW arrays and clusters. The

Lab VIEW Function Reference Manual describes LabVIEW functions,

many of which can operate on arrays in addition to scalars. Chapter 7,
Array and Cluster Functions, of the LabVIEW Function Reference

Manual describes the functions designed exclusively for array and

cluster Operations.

You access arrays and clusters from the Array & Cluster palette of the
Controls menu.

 -; Controls

Numefic

Boolean

String

. flrrag 8""l3luster .
Graph

Path 6* RefNum

Decorations

Control...

 
 

  
 
 

 
 

  
  

   

Arrays

An array is a variable-sized collection of data elements that are all the

same type, as opposed to a cluster, which is a fixed-sized collection of

data elements of mixed types. Array elements are ordered, and you

access an individual array element by indexing the array. The index is
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zero-based, which means it is in the range of zero to n-l, where n is the

number of elements in the array, as in the following illustration.

index 0 l 2_ 3 4 5

1 l-element Melissa Greg Gregg Duncan Thad

array .   

 
index (continued) 6 7 8 9 10

11~element array Stcpan Kate Mary Mark

(continued) '

. A simple example of an array is a list ofnames, represented in LabVIEW

as an array of strings, as shown in the following illustration.

 

-Iml--1-—-mnum1m'

List of Names in an Array of Strings 
Another example is a waveform represented as a numeric array in which

each successive element is the voltage value at successive time intervals,

as shown in the following illustration. '

 index

volts “um

Waveform in an Array of Numbers
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A more complex example is a graph represented as an array of points

where each point is a pair of numbers giving the X and Y coordinates, as

shown in the following illustration.

xcoord

Ycoord

Graph in an Array of Points

 
The preceding examples are one—dimensional arrays. A two-dimensional

array requires two indices to locate an element: a column index and a row

index= both of which are zero-based. In this case we speak of an N

column by M row array, which contains N times M elements, as shown

in the following illustration.

column index

012345

0El

3

6 column by 4 row

array of 24 elements

 
A simple example is a chess board. There are eight columns and eight

rows for a total of 64 positions, each of which can be empty or have one

chess piece. You could represent a chess board in LabVIEW as a two;

dimensional array of strings. Each string would have the name of the

piece occupying the corresponding location on the board, or it would be

an empty string if the location was empty. Other familiar examples

include calendars, train schedule tables, and even television pictures,

which can be represented as two—dimensional arrays of numbers giving

the light intensity at each point. Familiar to computer users are
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\

spreadsheet programs, which have rows and columns of numbers,
formulas, and text.

All of the one—dimensional array examples can be generalized to two

dimensions. Below is a collection of waveforms represented as a two-

dimensional array of numbers. The row index selects the waveform and

the column index selects the point on the waveform.

 

 
 

 ”3.0........‘O'b‘m'o'fl _F ._ 0 _,
1<>""" x o—M

point index 0 l 2 3 4 5_ 6 7 8
waveform fimm

indices iummm
---IIm--m-

Multiple Waveforms in a 2D Array of Numbers

    volts

   
 

 

   

Arrays can have an arbitrary number of dimensions, but one index per

dimension is required to locate an element. The data type of the array

elements can be a cluster containing an assortment of types, including

arrays whose element type is a cluster, and so on. You cannot have an

array of arrays. Instead, use a multidimensional array or an array of
clusters of arrays.

You should consider using arrays whenever you need to work with a

collection of similar data. Arrays are frequently helpful when you need

to perform repetitive computations or I/O. Using arrays makes your '

application smaller, faster, and easier to develop because of the large
number of array functions and W5 in LabVIEW.

Creating Array Controls

You create an array control in LabVIEW by first selecting an array from
the Array & Cluster palette of the Controls menu.
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. Controls

Numeric

Boolean

String .

Hrrag G' Cluster

Graph

Path t‘r RefNum

Decorations

Control...

 
 
 

 
  

  

   
You create a LabVIEW array control or indicator by combining an array

shell from the Array & Cluster palette of the Controls menu, as shown

above, with a valid element, which can be a numeric, Boolean, string, or

cluster. The element cannot be another array or a chart. Also, if the

element is a graph then only the graph data types that contain clusters

instead of arrays at the top level are valid.

Selecting Array from the Array & Cluster palette places an array shell

on the front panel, as shown in the following illustration.

element dis - la

 
A new array shell has one index display, an empty element display, and

an optional label.

There are two ways for defining the type of the array. You can drag a

valid control or indicator into the element display window, or you can

deposit the control or indicator directly by popping up in the element

display area of the array and selecting a control. Either way, the control

or indicator you insert fills the empty display.
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For example, if you want to define an may of Booleans, you can either

drag a Boolean into the element display area, or you can pop up in the.
empty element area and select a Boolean control. Both methods are

shown in the following illustration.

Elma-
Boolean

String
array 8* Cluster
Graph
Path 8' RefNum
Decorations
Control...

Hound lED

 
The pop-up menu of the index display is shown in the following
illustration.

 Change to Control
Find Terminal

Show , D

Data Operations >

Create flttribute Node

 
  

  
 
 

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

fldd Dimension

fiemoao mommies:

nun Element Gap
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Setting the Array Dimension

A new array has one dimension and one index display. You resize the

index vertically or select the Add Dimension command from the array

shell pop-up menu to add a dimension, and you shrink the index

vertically or select Remove Dimension to delete it. An additional index

display appears for each dimension you add. Two methods for resizing
are shown in the following illustrations.

Change to Control
Find Terminal

Show

Data Operations

Create Httrihute Node

fldd Dimension

fii-Eé’fitiiti-S fitmemtea

Hdd Element Bap 
The dimension of an array is a choice you make when you decide how

many identifiers it takes to locate an item of data. For example, to locate

a word in a book you might need to go to the sixth word on the twenty-
eighth line on page 192. You need three indices, 6, 28, and 192 to specify
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the word, so one possible representation for this book is a three—

dimensional array of words. To locate a book in a library you would

specify the position on the shelf, which shelf, which bookcase, which

aisle, and which floor, so if you represented this as an array it would use

five dimensions. To specify a word in a library would then require eight
indices.

Interpreting the Array Index Display

If you think of a two—dimensional array as rows of columns, the top

display is the row index and the bottom display is the column index. The -

combined display at the right shows the value at the specified position,
as shown in the illustration below.

 
For example, let's say you have an array of 3 rows and 4 columns, with
values as shown in the following table.

 
Rows and columns are zero-based, meaning that the first column is

column 0, the second column is column 1, etc... Changing the index

display to row 1, column 2 displays a value of 6, as shown in the

following illustration. '

 
If you try to display something out of range, the value display is grayed

out to indicate that there is no value currently defined for that value. For

example, if you tried to display an element in row 10 of the array shown
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above, then the display would be grayed out as shown in the following
illustration. ‘

 

Displaying an Array in Single-Element or.
Tabular Form

A new array appears in single-element form. The array displays the value

of a single element—the one referenced by the index display. You can also

E display the array as a table of elements by resizing the array shell from
any of the four comers surrounding the element. The array Resizing tool

is slightly different from the usual Resizing tool when it is over the array

.4 shell resizing handles, and the cursor changes to the usual symbol when
usual Resizing symbol you begin to resize.

array Resizing tool

element 11 12 13

 
For example, the following illustration shows how you could resize a

one-dimensional array either vertically or horizontally to show more

elements simultaneously.

n_
IIn-
IIn_
I1
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The index display contains the index of the element in the left or upper

left comer of the table. By changing the index, you can display different
sections of a large or multidimensional array. For one-dimensional (1D)

arrays, the index identifies the column of the leftmost visible element.

For two-dimensional (2D) or higher arrays, the bottom two indices

identify the coordinates of the upper left visible element. In the left

portion of the following illustration, this element is [3,4]. If you View a

three—dimensional (3D) array as a book of pages that are composed of

lines (rows) of characters (columns), the table displays part or all of one

page. The figure at the right in the following illustration shows the first

four columns of the first two rows of page 3 of the array.

element [3,4] element [0,0] of page 3 '

 
If you want to hide the array indices, turn off the Index Display option

from the Show menu from the array pop-up menu. The following

illustration shows an example of what a tabular array looks like without

the index display.

 
If you want to display an array in an orientation different from the tabular

array format, you can display the elements in a cluster on the front panel

and process them in an array. To do this, use the Array To Cluster and

Cluster To Array functions discussed in the LabVIEW Function

Reference Manual.
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Operating Arrays

You operate the array's element exactly as you would if it were not part

of the array. You operate the index display the same way you operate a

digital control. To set the value of an array control element, bring the

element into view with the index display, then set the element's value.

_ Setting the Default Size and Values of an Array

\You cannot fix the size of a LabVIEW array. However, when you set the

default values of the array, you also set the default size. Do not make the

default size larger than necessary. Keep in mind that if you set an array

to have a large default value, all of the default data is saved along with

the VI, thus increasing the size of your file.

A new array shell without an element is undefined. It has no data type and

no elements and it cannot be used in a program. After you give the array

an element, the array is an empty array (its length is.0). Although it also

has no defined elements, you can still useit in the VI. LabVIEW dims all

elements in the array, indicating they are undefined.

The following illustrations show an array control in single-element form

that is wired to an array indicator in tabular form with five elements

displayed. The first figure shows that both arrays are empty (element

values are undefined).

10 Arra Control 10 Arra Indicator

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

 

1D Arrau Control ID Arrau Indicator -

rm] * 
If you set the index display of the array control to 9 and set the element

vaer at index 9 to 5.4, the data in the array expands to 10 elements (0 to

9). The value of element 9 is the value you set, 5.4‘in this example.

LabVIEW gives the other elements the default value of the digital

control, 0.00. After running the V], the indicator displays the same
values.
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10 Arra Control 10 Arr-a Indicator

 

Selecting Reinitialize to Default for an element resets that element only
to its default value.

Now assume you change the default value of a numeric element from 0.0

to 1.0. You can do this by changing the value in the indicator with the

operating tool and then popping up on the element and selecting Make

Current Value Default, or choosing the Data Range... option from

pop-up menu; Assume you also set the value of element 12 to 7.0. The
array now has 13 elements. The values of the first 10 elements do not

change, while elements 10 and 11 have the new default value of 1.0, and

element 12 has the assigned value of 7.0.

10 Arra Control 1D Arra Control

5-100 '

 
If you now select Reinitialize to Default from either the shell or the

index pop-up menus, the array reverts to the 10-element array shown in
the previous example.

To increase the size of an array from [Ni by NJ' by Nk...] to [Mi by Mj by
Mk...], assign a value to the new last element [Mi_1, Mj-1, Mk-1...]. To
decrease the size, first execute the Empty Array command from the

array shell Data Operations pOp-up menu, then set the array and values

to the size you want, or select the unwanted subset of the array and select

the Cut Data option from the Data Operations pop-up menu, as

explained in the following sections.
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Finding the Size of an Array

To find the size of an array control or indicator, select Show Last

Element from the Data Operations submenu in the array shell pOp-up
menu. '

Moving or Resizing the Array

Always move the array by clicking on the shell border or the index

display and then dragging. If you drag the element in the array, it will
separate from the array, because the shell and elements are not locked

together. If you inadvertently drag the element when you meant to drag
the shell, cancel the operation by dragging the element back into the shell

or past the Panel window border before releasing the mouse button. You

also cancel a resizing operation by dragging the border past the Panel '

window before releasing the mouse button. If the array is part of the

current selection, then grabbing an element will drag the array.

You can resize the array index vertically from any comer, or horizontally
from the left. ’

Selecting Array Cells

You can copy data from and paste data to LabVIEW arrays. To select the

data, set the array index to the first element in the data set you want to

copy and select the Start Selection option from the Data Operations

submenu of the array pop-up menu. Set the array index to the last element

in the data set you want to copy and select the End Selection option from

the Data Operations submenu of the array pop-up menu. When you are

in run mode, these options are directly available when you pop up on an

array. The Selection process is detailed in the following example.

Begin by selecting Show Selection from the pop-up menu. Show

Selection must be activated for your selected cells to be visibly marked.

A border surrounds selected cells. You can select Add Element Gap

from the pop-up menu. This separates the cells by a thin open space.

While it is not necessary to add the element gap, this open border makes

the array better looking. When you select cells, this open space is filled
by a thick border, denoting the selected cells. If you do not add the

element gap, the selection border appears over the selected cell edge.

You define the cells for selection with the array index. The following

example uses a two dimensional array.
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Set the array index for 1 , 1. Choose Start Selection from the pop-up

menu. Set the array index to 3 , 3. Choose End Selection from the

pop-up menu. The selected cells will be surrounded by a blue border

(thick black on a monochrome system).

  
 
 

  

  ndicator ' -

Reinitialize to Default

Make Current Ualue Default
:1. Data Dpe Cut Data
“ Create R Copy Data

Replace fiesta iiata

................................. Description.”

 
 

 
 

  
  
  

 

 
 
 

 

Change to I
Find

Show

 
 

 
 

 
 

 
 

Remove

Remove
Empty Rrrag
Show Last Element

J Show Selection

Start Selection

End Selection

Change to Indicator

“"0 Reinitialize to Default
Show Make Current Ualue Default
Data 09‘ Cut Data

Create ' Copy Data
Replace f’ézstetiete

.............................. Description...

_ Empty Rrrag
Show Last Element

J Show Selection

Start Selection

End Selection

 

 

 

 
 

Remove

Remove
 

 

  

  

 
 

 

 

 

I]III}III}
[ll] 3"oo

:II::II:Inn 9‘oo      
h.)P0o

 
Ell]Ell]III]{II} KIHKI Ell!

Notice that the selection includes the cells denoted by lower index _
numbers but not the cells denoted by the higher index numbers. If you

want to include the cells from 1 , 1 to 3 , 3, you would have set the index

to 4 , 4 before choosing End Selection.
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After you select cells. you can cut or c0py the data to paste into other

cells. When you finish, you will notice that one border line remains
highlighted. This is an insertion point, and will remain in the array. To

hide this line, you can deselect the Show Selection option from the pop-

up menu. You can eliminate this line without deselecting Show

Selection by emptying the selection. Set the index to 0 in all dimensions,
and then select Start Selection and End Selection. This makes the

selection run from 0 to 0 in all dimensions, which is what the selection is

set to when you first place it on the front panel.

LabVIEW Arrays and Arrays in Other Systems

Most programming languages have arrays, although few have the

number of built-in array functions that-LabVIEW has. Other languages

typically stop at the fundamental array operations of extracting an

element or replacing an element, leaving it to the users to build more

complex operations themselves. LabVIEW has these fundamental

operators, so you can directly map a program in another language to a

LabVIEW VI, but you can usually create a simpler and smaller diagram

if you start over in LabVIEW and use LabVIEW's higher-level array

functions. The example below shows a fragment of a C program that

sums the squares of the elements of an array, the direct translation to a
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LabVIEW diagram, and two redesigned versions that are more efficient
than the translation.

51in; = O;
for(i=O;i< 100;i++)

sum += x[i] * x[i];

C Code Fragment

LabVIEW Auto—Indexing Version

sum
X

LabVIEW Optimal Version

 
, D , The indexing operation for extracting an element is represented in C by

_ , brackets [ ] following the array name and enclosing the index. In

LabVIEW, this operation is represented by the Index Array function icon

Index Array shown at left. The array is wired to the top left terminal, the index isfunction icon
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.wired to the bottom left terminal, and the array element value is wired to

the right terminal. ’ '

‘ The following example shows the fundamental operation of replacing an

array element. The fragment of FORTRAN code generates a histogram

of random numbers (the random number generator produces values

between 0 and 1), and so does the LabVIEW version. You can disregard

the 4 l in the FORTRAN computation of J; the addition is needed

because FORTRAN arrays are one-based.

DO 10 1:], 10000

J=100.0*RAND()+1

H(J) = H(J) + 1
lOCONTINUE

LabVIEW Direct Translation

 
The indexing operation for inserting or replacing an element is

represented in FORTRAN by parentheses ( ) on the left side of the equal

sign following the array name, and enclosing the index. In LabVIEW this

....§ operation is represented by the Replace Array Element function icon

Replace Array (shown at left). The array is wired to the top left terminal, the
Element function replacement value is wired to the middle left terminal, the index is wired .
icon to the bottom left terminal, and the updated array is wired from the right

terminal.

Before you can use an array in most programming languages you must

first declare it and in some cases initialize it. In LabVIEW, building an

array control or indicator on the front panel is equivalent to declaring an

array. Defining a default value for it is equivalent to giving the array an
initial value.
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Most languages require you to specify a maximum size for an array as

part of the declaration. The information about the size of the array is not

treated as an integral part of the array, which means you have to keep

track of the size yourself. In LabVIEW, you do not have to declare a

maximum size for arrays, because LabVIEW automatically remembers

the size information for the array. Furthermore, with LabVIEW, you

cannot store a value outside the bounds ofan array. In many conventional

programming languages there is no such checking, and consequently you

can inadvertently corrupt memory.

Clusters 

A LabVIEW cluster is an ordered collection of one or more elements,

similar to structures in C and other languages. Unlike arrays, clusters can

contain any combination of LabVIEW data types. Although clusterand

array elements are both ordered, you access cluster elements by

unbundling all the elements at once rather than indexing one element at

a time. Clusters are also different from arrays in that they are of a fixed
size. As with an array, a cluster is either a control or an indicator; a cluster
cannot contain a mixture of controls and indicators.

You can use clusters to group related data elements that appear in

multiple places on the diagram, which reduces wire clutter and the
number of connector terminals subVIs need.

Most clusters on the block diagram have a common wire pattern,

although clusters of numbers (sometimes referred to as points) have a

special wire pattern. These wiring patterns are shown in the following
illustration. rIv

22222: - Common Cluster \Vire Pattern

m ' Cluster of Numbers Wire Pattern

You can connect terminals only if they have the same type. For clusters,

this means that both clusters must have the same number of elements,

and corresponding elements—determined by the cluster order—must

match in type. LabVIEW coerces numbers of different representations to

the same type.
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Creating Clusters

You create a cluster control or indicator by installing any combination of

Booleans, strings, charts, graph scalars, arrays, or even other clusters into
a cluster shell. You access the cluster shell from the Controls menu, as

shown below. .

Controls

Numeric

Boolean

String-

Hrragsfl' Cluster

Graph

Path 8* HefNum»

Decorations

Control...

 
  

  

 

 

  
  

   

  

A new cluster shell has a resizable border and an optional label.

When you pop—up in the empty element area, the Controls menu

‘ appears. You can place any element from the Controls menu in a cluster.

You can drag existing objects into the cluster shell or deposit them

directly inside by selecting them from the cluster pop-up menu. The

cluster takes on the data direction (control or indicator) of the first

element you place in the cluster, as do subsequently added objects. .

Selecting Change To Control or Change To Indicator from the pop-up

menu of any cluster element changes the cluster and all its elements from
indicators to controls or vice versa. ‘ ,

Operating and Configuring Cluster Elements

With the exception of setting default values and the Change to Control
and Change To Indicator options, you configure controls and indicators

the same way you configure controls and indicators that are not in a

cluster. ..
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Setting Cluster Default Values

Selecting the Make Current Value Default command from the Data

Operations menu of a cluster pop—up menu sets the default value of all
individual cluster elements to the current value of each individual

element. In the same way, selecting the Reinitialize To Default Values

command from the Data Operations menu of a cluster element pop-up

menu resets all elements to their individual default configuration. To

change the default value of a single element, use the Data Range...

option from the element's pop-up menu, set the default before you drag

the object into the cluster, or pop up on the individual element and select

Make Current Value Default, after setting the proper value with the

operating tool.

Setting the Order of Cluster Elements

Cluster elements have a logical order that is unrelated to their positions

within the shell. The first object you insert in the cluster is element 0, the

second is 1, and so on. If you delete an element, the order adjusts

automatically. You can change the current order by selecting the Cluster

Order... option from the cluster pop—up menu. The appearance of the

element changes, as shown in the following figure.

 
 new place current place

in order in order 

The white boxes on the elements show their current places in the cluster

order. The black boxes show the element's new place in the order.

Clicking on an element with the cluster order cursor sets the element's
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place in the cluster order to the number displayed inside the tools palette.
emv’er ‘ You change this order by typing a new number into that field. When the

enter button order is as you want it, click on the enter button to set it-and exit the

cluster order edit mode. Click on the X button to revert to the old order.

The cluster order determines the order in which the elements appear as

- terminals on the Bundle and Unbundle functions in the block diagram.

See the discussion of the Bundleand Unbundle functions in the

LabVIEW Function Reference Manual for more information.
X button

Moving or Resizing the Cluster

Cluster elements are not permanent components of clusters. That is, you

can move or resize elements independently even when they are in the

shell. To avoid inadvertently dragging them out, click on the shell when

you want to move a cluster, and resize clusters from the shell border. If

you inadvertently drag an element when you meant to drag the whole

cluster, you can cancel the operation by dragging the element back into

the shell or past the Panel window border before releasing the mouse

button. You also cancel a resizing operation by dragging the border past

the Panel window before releasing the mouse button.

©National Instruments Corporation 8-21 LabVIEWfor Windows User Manual

men's 00021792

Page 196 of 460



Page 197 of 460

Array and Cluster Controls and Indicators Chapter 8

You can shrink clusters to fit their contents by selecting Autosizing from

the pop-up menu. ‘

’

Change to Indicator
Find Terminal

Show

Data Operations

Create flttribute Nede

Replace

Cluster Order...’

Hutosizing 
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Assembling Clusters

LabVIEW has three functions for assembling or building clusters. The

Bundle and Bundle By Name functions assembles a cluster from

individual elements or replaces individual elements with elements of the

same type. The Array To Cluster function converts an array of elements
into a cluster of elements. ° '

Bundle Function

The Bundle functiOn, which you obtain from the Array & Cluster

EE palette of the Functions menu, appears on the block diagram with two
element input terminals on the left side. You can resize the icon vertically

to create as many terminals as you need. The element you wire to the top

terminal becomes element 0 in the output cluster, the element you wire

to the second terminal becomes element 1 in the output cluster, and so on.

Bundle function

As you wire to each input terminal, a symbol representing the data type

of the wired element appears in the formerly empty terminal. You must

wire all the inputs that you create.

 
In addition to input terminals for elements on the left side, the Bundle

function also has an input terminal for clusters in the middle. You use this

terminal to replace one or more elements of an existing cluster wire

without affecting the other elements.

 
See the Replacing Cluster Elements section in this chapter for an

example of using this function to replace elements in a’cluster.
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Bundle By Name
function

Bundle By Name Function

The Bundle By Name function, also in the Array & Cluster palette of
the Functions menu, is similar to the Bundle function. Instead of

referencing fields by position, however, you reference them by name.

Unlike the Bundle function, you can aCCess only the elements that you

want to access. For each element you want to access, you need to add an

input to the function.

Because the name does not denote a position within the cluster, you must
wire a cluster to the middle terminal as well. You can only use the Bundle

By Name function to replace elements by name, not to create a new

cluster. You could, however, wire a data type cluster to the middle

. terminal, and then wire all of the new values as names to get this same
behavior.

For example, suppose you have a cluster containing a string called Name
. and a number called Age. After placing the Bundle By Name function,

you first need to connect an input cluster to the middle terminal of the

Bundle By Name function.

After you have wired the middle terminal, you can select elements you

want to'modify by popping up on any of the left terminals of the Bundle

By Name function. You then get a list of the names of the elements in the '

source cluster. After you select a name, you can wire a new value to that
terminal to assign a new value to that element of the cluster. An example
of this15 shown1n the following illustrations.

  
E-
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Notice that you can resize the Bundle By Name function to show as many

or as few elements as you need. This is different from the Bundle

function, which requires you to size it to have the same number of

elements as are in the resulting cluster.

If you pop up on Bundle By Name whenthe cluster contains a cluster,

you will find a pull to the side submenu that allows you to access
individual elements of the Subcluster by name, or select all elements.

The Bundle By Name function is useful when you are working with data

structures that may change during the development process. If your

modification involves the addition of a new element, or a reordering of

the cluster, the change will not require changes to the Bundle By Name

function, because the names are still valid. For example, if you modified
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the previous example by adding the new element, weight, to the source

and destination clusters, the V1 is still correct.

' a

 
Bundle By Name is particularly useful in larger applications in

conjunction with type definitions. By defining a cluster that may change

as a type definition, any VI that uses that control can be changed to

_ reflect a new data type by updating the type definition's file. If the V13

use only Bundle By Name and Unbundle By Name to access the

elements of the cluster, you can avoid breaking the V15 that use the
cluster. '

See the Type Definitions section of Chapter 4, Introduction to Front

Panel Objects, for more information on type definitions. Also see the

Unbundle By Name Function section of this chapter.
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Array To Cluster Function

The Array To Cluster function, which you select from the Conversion
palette of the Functions menu, converts the elements of a 1D array to

Array To Cluster elements of a cluster. This function is useful when you want to display
function elements within a front panel cluster indicator, but you want to

manipulate the elements by index value on the block diagram.

Use the Cluster Size... option from the function pop-up menu to

configure the number of elements in the cluster. The function assigns the

0th array element to the 0th cluster element, and so on. If the array

contains more elements than the cluster, the function ignores the ,

remaining elements. If the array contains fewerelements than the cluster, '

the function assigns the extra cluster elements the default value for the

element data type.

Number of elements in cluster

 
The illustration below shows how to display an array of data in a front

panel cluster indicator. With this technique, you can organize the array

elements on the front panel to suit your application. You could use a

tabular array indicator instead, but that limits you to a fixed display
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format—horizontal with the lowest element at left and an attached index

display.

 
Disassembling Cluster Elements

EB
Unbundle function

LabVIEW has three functions for disassembling clusters. The Unbundle

and Unbundle By Name functions disassemble a cluster into individual

elements, and the Cluster To Array function converts a cluster of

_ identically typed elements into an array of elements of that type.

Unbundle Function

The Unbundle function, which you obtain from the Array‘& Cluster

palette of the Functions menu, has two element output terminals on the

right side. You adjust the number of terminals with the Resizing tool the
same way you adjust the Bundle function. Element 0 in the cluster order

passes to the top output terminal, element 1 passes to the second terminal,
and so on.

The cluster wire remains broken until you create the correct number of

output terminals. Once the number of terminals is correct, the wire

becomes solid. The terminal symbols display the element data types, as
shown below. ‘
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Unbundle By Name Function

ED ’ The Unbundle By Name function, also in the Array & Cluster palette
Unbundle B Name of the Functions menu, is similar to the Unbundle function. Instead of

functioiii referencing fields by position, however, you reference them by name.
Unlike the Unbundle function, you can read only the elements that you

want to read; you don't have to have one output for every cluster element.

For exemple following is a panel with a cluster of three elements, weight,
height and age.
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When connected to an Unbundle By Name function, you can pop up on

an output terminal of the function and select an element that you want to

read from the names of the components of the cluster.

:1! weight 
You can resize the function to read other elements. Note that you do not

have to read all of the elements, and that you can read them in arbitrary
order. '

 
One of the advantages of the Unbundle By Name function over the

Unbundle function is that it is not as closely tied to the data structure of

the cluster. The bundle function always has to have exactly the same

number of terminals as there are elements. If you add or remove an

element from a cluster connected to an Unbundle function, you end up

with broken wires. With the Unbundle By Name function, you can add

‘ elements to and remove elements from the cluster without breaking the
VI, as long as the elements were not referenced on the diagram.
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For example, with the previous cluster, you could add a string for, birth

date, and the diagram would still be correct.

 
As with Bundle By Name, Unbundle By Name is particularly useful in
larger applications in conjunction with type definitions. See the Bundle

By Name Function section of this chapter and the Type Definitions

v section of Chapter 4, Introduction to Front Panel Objects, for more
information.

Cluster To Array Function

The Cluster To Array function, which you obtain from the Conversion

palette of the Functions menu, converts the elements of a cluster into a

Cluster To Array 1D array of those elements. The cluster elements must all be the same
function - ‘ type. The array contains the same number of elements as the cluster.

Cluster elements cannot be array elements. If you have a cluster of N

dimensional arrays that you want to convert to an N+l-dimensi0nal

array, you must unbundle the cluster elements with the Unbundle

function and wire them to a Build Array function.

The Cluster To Array function is useful when you want to group a set of

front panel controls in a particular order within a cluster but you want to

process them as an array on the block diagram, as shown in the following
illustration.
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IE 

 
Replacing Cluster Elements

Sometimes you want to replace one or two elements of a cluster without

affecting the others. You can do this by unbundling a cluster and wiring

the unchanging elements directly to a Bundle function along with the

replacement values for the other element. The following example shows

a more convenient method. This example computes the number of hours

until Christmas using the date—time cluster. Notice that because the

cluster input terminal (middle terminal) of the Bundle function is wired,

' the only element input terminals that need to be wired are those with

replacement values.
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Graph and Chart
Indicators

This chapter describes how to create and use the graph‘ and chart

indicators in the Graphs palette of the Controls menu.

A graph indicator is a two-dimensional display of one or more‘plots. The
graph receives and plots data as a block. A chart also displays plots, but

it receives the data and updates the display point by point or array by .

array, retaining a certain number of past points in a buffer for display

purposes.

In addition to the information in this chapter, you might find study of the

graph and chart examples included with LabVIEW to be helpful.

LabVIEW has two kinds of graphs and three kinds of charts. .

Controls

Numeric

Boolean

String

array 8* Cluster

Path 8' RefNum

Decorations

Control...

 
Waveform and XY Graphs 

You can obtain a waveform graph and XY graph from the Graph palette

of the Controls menu. The waveform graph plots only single- valued

functions with points that are evenly distributed with respect to the x

axis, such as acquired time-varying waveforms. The XY graph is a
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general-purpose, Cartesian graphing object you can use to plot

multivalued functions such as circular shapes or waveforms with a

varying timebase. Both graphs can display any number of plots.

Waveform Gra-h

  
Each of these graphs can accept several data types. This minimizes the

amount of manipulation you need to do to your data before displaying it.

These data types are described in the next section.

Following that are sections describing some of the more advanced-

options of the graph, including customizing the graph‘s appearance,

displaying and manipulating cursors, and displaying a legend for the

graph.

Creating a Single-Plot Graph

Waveform Graph Data Types

'For single-plot graphs, the waveform graph accepts two data types.

These data types are described in the following paragraphs.

The first data type that the waveform graph accepts is a single array of

values. LabVIEW interprets the data as points on the graph and
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increments the points (starting at 3:0) by 1. The following diagram '
illustrates how you might create this kind of data.

arra of values (assumes xo=0 dx=1)

 
The second data type is a cluster of an initial x value, a Ax value, and an
array of y data. The following diagram illustrates how you might create
this kind of data.

cluster of xo dx and[ ]

SlGNfiL

(mg
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XY Graph Data Types

The XY graph accepts two data types for a single-plot. These data types
are described in the following paragraphs.

The first data type that the XY graph accepts is a cluster containing an x

array and a y array. The following diagram illustrates how you might
create this kind of data.

cluster of [x] and [ ]
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The second data type is an array ofpoints, where a point is a cluster of

an x value and a y value. The following diagram illustrates how you

might create this kind of data.

arra of cluster of x & values

h 
Creating a Multiplot Graph

You can display multiple plots on a single waveform or XY graph. For

the most pan, you use arrays of the data types described in the previous

section to describe multiple plots for display in a single graph. Because

LabVIEW does not allow arrays of arrays, in a case where creating an

array Of a single plot data type would produce an array of arrays, you can

use either 2D arrays or arrays of clusters of arrays.

Waveform Graph Data Types

The multiplot waveform graph accepts five data types, as described in the

following paragraphs.

The first data type that a multiplot graph waveform accepts is a

two-dimensional array of values, where each row of the data is a single
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plot. LabVIEW interprets this data as points on the graph, with the points
starting at x=0 and incremented by 1.

20 arra of 5 (rows are Hrahs) 

 

If you select the Transpose Array option from the graph pop-up menu,
each column of data is treated as a plot. This is particularly useful when

sampling multiple channels from a data acquisition board, because that

data is returned as 2D arrays, with each channel stored as a separate
column.

The following example shows how a graph could be used to display two

signals, where each signal is a separate row of a two-dimensional array.

HERD
SIGNHL

waveform Gra-h  SIGNHL

“we;

The second data type is a cluster of an x value, a Ax value, and a two-

dimensional array of y data. The y data is interpreted as described for the

previous data type. This data type is useful for displaying multiple
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signals that were all sampled at the same regular rate. The following

diagram illustrates how you might create this kind of data.

  cluster of XO dx and 2D arra of

REM)

SIGNBL Waikeform Gra - h
“IQ

. REM}
SIGNBL

’lrta

 
The third data type is an array of clusters of an array of y data. LabVlEW

interprets this data as points on the graph, with the points starting at x=0

and incremented by 1.

arra of cluster“ of[ ]

 
Use this data structure instead of a two-dimensional array if the number

of elements in each plot is different. For example, you might need to

sample data from several channels, but not for the same amount of time
from each channel. You would then use this data structure because each

row of a two-dimensional array must have the same number of elements,
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but the number of elements in the interior arrays of an array of clusters

can vary.

The following illustration shows how to create the appropriate data

structure from two arrays.

Arrau Waveform Bra - h
- + '

IEI 
Another way to make arrays elements of an array of clusters is to use the

build cluster array function

The fourth data type is a cluster of an initial x value, a Ax value, and an

array of- clusters of an array of y data.

Use this data structure instead of a two—dimensional array if the number

of elements in each plot is different. For example, you might need to

sample data from several Channels, but not for the same amount of time
from each channel. You would then use this data structure because each

row of a two-dimensional array must have the same number of elements,

but the number of elements in the interior arrays of an- array of clusters
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can vary. The following diagram illustrates how you might create this
kind of data. '

cluster of x0 dx and arra of cluster of[ ]

 
HERD

SIGNfiL

::::::::::::::

Notice that the arrays are bundled into clusters using the Bundle

function, and the resulting clusters built into an array with the Build

Array function. You could use the Build Cluster Array, which creates

arrays of clusters of specified inputs, instead.

The fifth data type is an array of clusters of an x value, a Ax value, and

an array of y data. This is the most general of the waveform graph

multiplot data types, because it allows you to specify a unique starting
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point and increment for the X axis of each plot. The following diagram

illustrates how you might create this kind of data.

arra of cluster of XO dx. and [ ]

 
 

 

Waveform Bra-h

 
 

 
----- -+ ll'lfl
.----- - +

’-

  
REED

SIGNI‘IL

“WE

XY Graph Data Types

The XY graph accepts two multiplot data types, as described in the

following paragraphs. Both of these data types are arrays of clusters of
the single plot data types given earlier.
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The first data type is an array of clusters of plots, where a plot is an array
of points. A point is defined as a cluster containing an x and y value. The

following diagram illustrates how you might create this kind of data.

arra of cluster of arra of cluster of x 3s

[E]II
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Graph Options

The second data type is an array of plots, where a plot is a cluster of an x

array and a y array. The following diagram illustrates how you might
create this kind of data.

arrau of cluster of [x] and [ ]

 
XY Bra-h

 
Both graphs have optional parts that can be shown or hidden using the

Show submenu of the graph's pop—up menu. These options include a

legend, from which you can define the color and style for a given plot; a

palette, that you-use to change scaling and format options while the V1 is

running; and a cursor palette that you use to display multiple cursors.

Following is a picture of a graph showing all of these optional
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components except for the cursor palette, which is illustrated in the

Graph Cursors section. -

 
Graphs have many options you can use to customize your data display.

The graph pop—up menu is shown below. Transpose Array is available

with the waveform graph only. '

Change to Control
Find Terminal

Show

Data Operations

Create Httribute Node  .............................................................................................

Ermaeew firm:
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Scale Options

Graphs automatically adjust their horizontal and vertical scales to reflect

the array of points you wire to them. You can turn this autoscaling feature

on or off using the Autoscale X and Autoscale Y options from the Data

Operations or the X Scale/Y Scale submenus of the graph's pop-up

menu. You can also control these autoscaling features from the graph‘s

palette, as described later in this chapter. Autoscaling on is the default

setting for LabVIEW. However, Autoscaling may cause the graph to be

slower, depending upon the computer and video system you use.

You can change the horizontal or vertical scale directly using the
Operating or Labeling tool, just as you can with any other LabVIEW

control or indicator. LabVIEW sets point density automatically.

The X and Y scales each have a submenu of options, as shown in the

following illustration.

 Format it Precision... 
  

  

  

Style It
Mapping )

J HutoScale H

Grid Style - D
Loose Fit

The Format & Precision... options let you change the format and

precision of the scale markers for each axis.

The Style palette lets you select whether you want major and minor tick

marks for the scale. Major tick marks are points corresponding to scale

labels and minor tick marks are interior points between labels. This

palette also lets you select whether you want the markers for a given axis
to be visible.

The Mapping option of the scale menus lets you select whether the scale

should display data using a linear or a logarithmic scale.

Use AutoScale to turn the autoscaling option on or off.

The Grid Style option lets you select whether you want no gridlines,

gridlines only at major tick mark locations (points corresponding to scale
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labels) or major and minor tick marks (minor tick marks are interior

points between labels).

Normally, the scales are set to exactly the range of the data when you

perform a fit operation. You can use the Loose Fit option if you want

LabVIEW to round the scale to “nicer” numbers. With a loose fit, the

numbers are rounded to a multiple of the increment used for the scale.

For example, if the markers increment by 5, then the minimum and '

maximum values are set to a multiple of 5.

The Data Operations submenu of the graph pop-up menu includes a

Smooth Updates option that uses an offscreen buffer to minimize

flashing. This feature may cause the graph to be slower, depending on the

computer and video system you use.

Using the Legend

The graphruses a default style for each new plot unless you have created

a custom plot style for it. If you want a multiplot graph to use certain

characteristics for specific plots (for instance, to make the third plot

blue), you can set these characteristics using the legend, which can be

shown or hidden using the Show submenu of the graph pop-up menu.

You can also specify a name for each plot using the legend.

plot symbols 
When you select Legend, only one plot appears. You can create more

plots by dragging down a corner of the legend with the Resizing tool.

After you set plot characteristics, LabVIEW assigns those characteristics

to the plot, regardless of the whether the legend is visible. If the graph‘
receives more plots than are defined in the legend, LabVIEW draws them

in default style.

When you move the graph body, the legend moves with it. You can
change the position of the legend relative to the graph by dragging the
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legend to anew location. Resize the legend on the left to give labels more

room or on the right to give plot samples more room.

By default, each plot is labeled with a number, beginning with 0. You can

modify this label the same way you modify other LabVIEW labels. To

the right of the plot label is the plot sample. Each plot sample has its own

pop-up menu to change the plot, line, color, and point styles of the plot.

The array of points you wire to the graph will be displayed with the

characteristics you assign it in the graph legend.

The plot sample pop—up menu is shown below.

  
  

Paint Style

Line Style

Interpolation

Color

The Point Style and Line Style options display styles you can use to

distinguish a plot.

The Interpolation option determines how LabVIEW draws lines

between plotted points. The Line option draws a straight line between

plotted points. The None option does not draw a line, making it suitable

for a scatter plot. The Stepped option links points with a right—angled

elbow. You can use this option to create histogram—like plots.

The Color option displays the palette for selecting the plot color. You

can also color the plots on the legend with the Coloring tool, and you can

’ change the plot colors while in run mode.

Use the Defaults option to change the text attributes for the legend.

Using the Palette

With the palette, you can access several useful functions while the VI

executes. You can reset the graph, scale the X or Y axis, and change the

display format of the scale at any time. The palette, which you access
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from the Show menu of the graph pop-up menu, is shown in the

following illustration.

Always Fit

 
CI The clear graph button clears all data from the graph. This function is

also available from the run-time pop-up menu.
clear graph

button The rest of the palette is organized in two rows, one for the X axis and
the other for the Y axis.

x The fit switches are locking switches that control whether the graph
II automatically changes the display area or scales to display current or new
li a; i data. Clicking on the body of the switch performs a single fit operation.

Clicking on the lock (the smaller rectangle on the left of the switch)

controls whether LabVIEW locks the scale on continually fits new data.

In autoscale mode, the graph is locked by default. You can turn this off

by clicking on the lock part of the switch. You can also turn on the '

autoscale mode from the run-time pop-up menu and from the X scale and
Y scale submenus. '

fit switches

El To the right of the fit switch is a field that allows you to adjust the number
set precision of digits the scale displays. Use the Operating tool to change this setting.

You can switch the scale readouts to represent decimal, scientific, or

engineering format by clicking on the button with the Operating tool.
set format

Waveform Chart
 

The waveform chart is a special type of numeric indicator that displays

one or more plots. Charts are different from graphs in that charts retain

previous data, up to a maximum which you can define. New data is

appended to the old data, letting you see the current value in context with

previous data.
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Waveform Chart Data Types

You can pass charts either a single value or multiple values at a time. As

with the waveform graph, each value will be treated as part of a

unifome spaced waveform, with each point spaced one point from the
previous one along the X axis.

You can pass either a single scalar value or an array of multiple values to
the chart. The chart treats these inputs as new data for a single plot

Following are diagrams illustrating how you can use the chart for each of
these kinds of data.

Waveform .Chart

ETemP

m ......43>...........

£352.?“ Waveform Chart
[nu]

“mg

m ......QE>...........

 
You get the best performance from a chart when you pass it multiple
points at a time, because the chart has to be redrawn only once for each

waveform instead of once for each point.

You can pass data for multiple plots to a waveform Chan in several ways.

The first method is to bundle the data together into a cluster of scalar
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numerics, where each numeric represents a single point for each of the

plots. An example of this is shown below.

 
If you want to pass multiple points for plots in a single update, you can

wire an array of clusters of numerics to the chart. Each numeric

represents a single point for each of the plots. An example of this is
shown below. '

Waveform Chart 
If the number of plots you want to display cannot be determined until

runtime, or you want to pass multiple points for plots in a single update,

then you can wire a two—dimensional array of data to the chart. As with

the waveform graph, rows are normally treated as new data for each plot.
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You can use the Transpose Array option of the waveform chart pop—up
menu to treat columns as new data for each plot.

 
Waveform Chart Options

The chart has most of the same features as the graph, including the legend
and palette, and they work the same way. (See the Scale Options, Using
the Legend, and Using the Palette sections of this chapter for more
information.) The waveform chart does not have support for cursors. The

following illustration shows the chart pop-up menu.

 Change to Control
Find Terminal

Show Ir

Data Operations . >

Create Httribute Node

  

  
 
 

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

 “Haasgzesa Est/rat;
Stack Plots

Chart Histor len  th... 
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The Show submenu ofthe chart's pop-up menu also lets you show or hide

optional digital display(s) and a scroll bar. The digital display option

displays the latest value being plotted. The last value passed to the chart

from the diagram is the latest new value for the chart. There is one digital

display per plot. '

You can view past values contained in the buffer by scrolling the x axis

to a range of previously plotted values using the scroll bar, or by

changing the x scale range to view old data.

The chart has a limit to the amount of data it will remember to avoid

running out of memory. When the chart reaches that limit, the oldest

point(s) are thrown away to make room for new data. The default size of

this buffer is 1024 points. You can change the length of this buffer using

the Chart History Length... option from the chart's pop-up menu.

Chart Update Modes

The Update Mode option from the Data Operations submenu of the

chart's pop-up menu lets you change the way the chart behaves when new

data is added to the display.

  
 
 
 

Change to Control '
Find Terminal

Show _ b

" Data Operations. b
Make Current value Default Create flttrihute Node

cm new Replace

Copy Data ...........................................................................
.i’aste flake

Description...
.............................................................................................. 7113839859 3,113";

Clear Chart Stack Plots
flutoScale ll Chart Hlstur Len th...
HutoScale V

Update Mode

  
 

  
 

 
 

 
  

 

 

 
Heinitialize to Default

 

 

 

  
 

  
 

 

 

 

The three options, strip chart, scope chart, and sweep chart are illustrated

in the following pictures, and described in the subsequent paragraphs.

The default mode is strip chart.
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The strip chart mode has a scrolling display similar to a paper tape strip

chart recorder. As each new value is received, it is plotted at the right

margin, and old values shift to the left.

Stri - Chart

 
The scope chart mode has a retracing display similar to an oscilloscope.

As each new value is received, it is plotted to the right of the last value,
and when the plot reaches the right border of the plotting area, the plot is

erased and plotting begins again from the left border. The scope Chan is

significantly faster than the strip chart because it is free of the processing

overhead involved in scrolling.

Sco-e Chart

 
The sweep chart mode acts much like the scope chart, but it does not

blank when the data hits the right border. Instead, a moving vertical line

marks the beginning of new data and moves across the display as new
data is added.

t
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Swee - Chart

 
Stacked versus Overlaid Plots

By default, the chart displays multiple plots by overlaying one on top of
the other, like graphs drawn on the same grid. An example of overlaid

plots is shown in the following illustration.

Waveform Chart

 
You can alternatively display multiple plots by stacking one above the

other, with a different Y scale for each plot, by selecting the Stack Plots

option from the chart pop~up menu. If you do this, then each Chan's Y
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scale can have a different range. An example of stacked plots is shown

in the following illustration.

Waveform Chart

 
When you input data to the chart as a cluster, LabVIEW automatically

stacks the correct number ofplot displays. When yOu input data as a 2-D

array, you must create the correct number of plot displays using the

Legend, available in the Show submenu of the pop—up menu. As you

enlarge the Legend display to increase the number of plots, the number

of stacked plot displays increases to match.
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Intensity Chart 

The intensity chart is a way of displaying three dimensions of data on a

two-dimensional plot by placing blocks of color on a Cartesian plane.

The intensity chart accepts a two—dimensional array of numbers. Each

number in the array represents a specific color. The indices of an element

in the two-dimensional array set the plot location for this color. The

following illustration shows the concept of the intensity chart Operation.

Input Array Color Map Definition

Array
Column = y Element

Resulting Plot

1 2 3

 
You can define the colors for the intensity chart interactively, by using

an optional color ramp control, or programmatically through the chart

attribute node. The Defining the Color Mapping section later in this

chapter explains the procedure for assigning a color to a number.
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The array indices correspond to the lower left vertex of the block of

color. The block has a unit area, as defined by the array indices. The

intensity chart can display up to 256 discreet colors.

After a block of data has been plotted, the origin of the Cartesian plane
is shifted to the right of the last data block. When new data is sent to the

intensity chart, the new data appears to the right of the old data as shown
in the following illustration.

New Input Array 
 
 

 
 

Column = y

 
 
 

Resulting Plot

manna
magma.
mamaa

l 2 3 4 5

(0) (1) (2)

 

  
When the chart display is full, the oldest data scrolls of the left side of the
chat.

Intensity Chart Options

The intensity chart shares many of the optional parts of the other charts,
most of which can be shown or hidden from the Show submenu of the
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graph‘s pop-up menu. These options include a palette you use to change
' scaling and format options while the V1 is running. In addition, because _

the intensity chart has a third dimension (color), a scale which is similar

to a color ramp control is used to define the range and mappings of values
to colors.

Following is a picture of a graph showing all of these optional

components except for the cursor palette, which is discussed in the

Graph Cursor section.

scale - color ram

. 
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Intensity charts have many options you can use to customize your data
display. The intensity chart pop-up menu is shown below.

 Change to Control
Find Terminal

Show b

Data Operations >

Create Httrihute Node

  

  
 

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

 

 
2 Scale

Transpose Hrrag
Chart Histor Len
 
 

 

 th...

Most of these options are identical to the options for the waveform chart.

The Show menu lets you show and hide the z scale's color ramp and color

array. The X Scale and Y Scale menus are identical to the corresponding

menus for the waveform chart. The Z Scale option is almost the same,

except it doesn't have the grid and loose fit options.

The intensity chart maintains a history of data from previous updates.

You can configure this buffer by selecting Chart History Length... from

the chart pop—up menu. The default size for an intensity chart is 128

points. Notice that the intensity chart display can be very memory

intensive. For example, to display a single precision chart with a history

. of 512 points and 128 y values requires 512 * 128 * 4 bytes (size of a

single), or 256 kilobytes. If you want to display large quantities of data

on an intensity chart, you should increase the amount of memory

configured for LabVIEW's use.

The intensity chart supports the standard chart update modes of strip
chart, sweep chart, and scope chart. As with the waveform chart, you

select the update mode from the Data Operations menu.

Defining the Color Mapping

You can-set the color mapping interactively in the same way that you
define the colors for a color ramp numeric control. See the description of
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the color ramp control in Chapter 5, Numeric Controls and Indicators,
for more details.

You can set the colors used for diSplay programmatically using the

attribute node in two ways. First, you can specify the value-to-color

mappings to the attribute node in the same way you do it with the color

ramp. For this method, you specify the Z Scale Info: Color Array

attribute. This attribute consists of an array of clusters, in which each

cluster contains a numeric limit value, along with the corresponding

color to display for that value. When you specify the color table in this

manner, you can specify an upper out-of—range color using the Z Scale

Info: High Color attribute, and a lower out-of-range color using the Z
Scale Info: Low Color. The total number of colors is limited to 254

colors, with the lower and upper out of range colors bringing the total to

256 colors. If you specify more colors, then the 254 color table is created

by interpolating between the specified colors.

Another way to set the colors programmatically is to specify a color table

using the Color Table attribute. With this method you can specify an

array of up to 256 colors. Data passed to the chart is mapped to indices

in this color table based upon the scale of the color ramp. If the color

ramp ranges from 0 to 100, a value of 0 in the data is mapped to index 1,

and a value of 100‘is mapped to index 254, with interior values

interpolated between 1 and 254. Anything below 0 is mapped to the out

of range below color (index 0), and anything above 100 is mapped to the

out of range above color (index 255).

Intensity Graph 

The intensity graph is essentially the same as the intensity chart, except

it doesn't retain previous data. Each time it is passed new data, the new

data replaces old data as it arrives.

Intensity Graph Data Type

The intensity chart accepts two-dimensional arrays of numbers, where

each number will be mapped by the chart to a color.

Rows of the data you pass in are diSplayed as new columns on the chart.

If you want rows to appear as rows, use the Transpose Array option

from the chart‘s pop-up menu.

©Nalional Instruments Corporation 9-29 LabVIEWfor Windows User Manual

DEFS 00031823

Page 236 of 460



Page 237 of 460

Graph and Chart Indicators Chapter 9

. Intensity Graph Options

The intensity graph works much like the intensity chart, except it does

not have the chart update modes. Because each update replaces the

previous data, it does not have a scroll bar, and it does not have history

options.

The intensity graph can have cursors like other graphs. Each cursor will

display the X, Y, and Z values for a specified point on the graph. See the

Graph Cursors section of this chapter for more information on

manipulating the graph's cursors.

You set the color mapping in the same way that you set it for the intensity

graph.
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Graph Cursors 

For each graph, you can display a cursor palette that you use to put

cursors on the graph. You can label the cursor on the plot. A cursor can

also be used as a marker. When you use a cursor as a marker, you lock

the cursor to a data plot so that the cursor follows the data.

Cursors can be set and read programmati‘cally using the Attribute Node.

You can set a cursor to lock onto a plot, and you can move multiple
cursors at the same time. There is no limit to the number of cursors that

a graph can have. ‘

Following are illustrations of a waveform graph and an intensity graph

with the cursor palette displayed.

 
Waveform Graph
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Intensity Graph

Each cursor for a graph has

- A label

0 X and Y coordinates, and Z coordinate], if applicable

0 A button that marks the plot for movement with the plot cursor pad
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- A button that controls the look of the cursor

- A button that determines whether the cursor is locked to a plot or

can be moved freely

Cursor movement control

Cursor Name Y position

Select button for

Cursor movement

 

  
 

Cursor display

Z position / control
Lock
control

X position
 

 
 

The cursor palette behaves like an array. You can stretch it to display

multiple cursors, and you can use the index control to view other cursors

in the palette. Use the Show options on the pop—up menu to display the
index control.
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To delete a cursor, you must select it using the Start Selection and End

Selection options on the Data Operations pop-up menu, and then cut

the cursor with the Cut option on the same menu. See the Selecting Array
Cells section of Chapter 8, Array and Cluster Controls and Indicators,
for more information.

You can move a cursor on a graph or chart by dragging it with the

operating tool, or by using the cursor movement control. Clicking the
arrows on the cursor movement control causes all cursors selected to

move in the specified direction. You select cursors either by moving

them on the graph with the Operating tool, or by clicking on the select

button for a given cursor. In the following example, the top two cursors

would be moved vertically downwards.

 
Clicking on the cursor display control with the operating tool displays a

pop—up menu that you can use to control the look of the cursor and the

cursor display visibility of the cursor name on the plot.control

Cross Hair

Point Style
Color

Uisible Name

Bring into Uiew
Boto Cursor

 
From this menu you can select the style of the cross hairs. The cross hairs

can consist of a vertical and/or horizontal line extending to infinity, a
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smaller vertical and/or horizontal line centered about the cursor location,

or no cross hairs, as shown in the following illustration.

Point Style
Color

Uisible Name

Bring into Uiew
Boto Cursor 

You can also choose the style of point to use for marking the cursor

location and the color for the cursor as shown in the following
illustration. ’

(

  
  
 

P'oin't St to ' Ir

Color

Uisible Home

Bring into Uiew
Boto Cursor
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a
unlocked locked

lock button

Select the Visible Name option from this menu to make the cursor name

visible on the plot, as shown in the following illustration.

 
Selecting Bring into View moves the cursor back into the displayed
region of the graph. This is helpful when the cursor has moved out of

visible range. Selecting this option changes the (x, y) coordinate

position of the cursor.

Selecting Goto Cursor moves the displayed region of the graph so that
the cursor is visible. The cursor position remains constant, but the scales

change to include the cursor selected. The size of the displayed region

also stays constant. This feature is helpful when the cursor is used to

identify a point of interest in the graph, such as a minimum or a

maximum, and you want to see that point.

You can use the last button for each cursor to lock a cursor onto a given

plot. Clicking on the lock button gives you a pop-up menu that you can

use to lock the cursor the a specific plot. If you lock the cursor onto a plot,
the button changes to a closed lock.

 
A large number of options are available for creating, controlling, and

reading cursors or markers programmatically using the Attribute Node

for a graph. See Chapter 15, Attribute Nodes, for further information.
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Path Controls and

This chapter describes how to 'use file path controls and refnums. Path

Controls and Refnums are available from the Path & Refnum palette of
the Controls menu.

 'E‘ontr'ols

Numefic

Boolean

Stfing

Hrrag fi'Cluster

Graph

" - P'ath‘fi' RefNum
. b.

Decorations ~

Control...  
 

VTVVVYV

Using Path Controls and Indicators

A path control and path indicator are shown in the following illustration.

ontro ndica‘tor,
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an The path control is used .to enter a path as a file or directory. If a function
Path Symbol that is supposed to return a path fails, it will return an invalid path. When

an invalid path is displayed by a path control or indicator, the path

3 symbol changes to the not a path symbol, and (No t A Pa th) appears
Not A Path Symbol in the text field to indicate that the path is invalid.

NotAPath is the canonical non-valid path, used to represent an invalid

path. LabVIEW typically uses No tAPath as a subVI output or as a
return value from a CIN.

When you are in run mode, you can change the value of a path control

from a valid path to an invalid path by clicking on the path symbol and

selecting the Not a Path option from the menu. In the same way, you can

change the value of a path control or indicator from an invalid path to a
valid empty path by clicking on the not a path symbol and selecting the

Valid Path option from the menu.

JUaIId Path

Not a Path

"——

% <hlot A Path>

 
 

 

Refnums

The Path & Refnums palette from the Controls menucontains several

Refnum controls, as shown in the following illustration. These refnums

are generally used to identify I/O operations.
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When you open a file, you specify the path of the file you want to open.
Because LabVIEW allows you to open more than one file at a time, you

need to specify which operations apply to which open file. The path

control is not sufficient for this, because you can open one file more than

once, concurrently.

When you open a file, LabVIEW returns a refnum that identifies that file.

You use this refnum in all subsequent operations that relate to that file.

You can think of this refnum as a unique number produced each time you

open a file. When you close the file, the refnum is disassociated from it.

Note: You rarely need to use a refnum control. You only need one ifyou want

to pass a refnum between two VIs.

LabVIEW has five refnum datatypes for various kinds of I/O. For each

refnum, there is a corresponding control. The following illustration
shows the different kinds of refnums.

Data Bu te Device Occurrence

Log Stream

L ’ L L L

Er

There are two kinds of file refnums, one for data log files and onefor byte
stream files.

 
  

  

Because data log files have an inherent structure, the data log refnum is

used to pass the refnum as well as a description of the file type to (or

from) calling VIs. The data log refnum is resizeable, like a cluster. You

place a control inside the refnum that defines the structure of the file. For

a file that contains numbers, you create a data log refnum containing a

number. If each record in the file contains a pair of numbers, you place a

cluster inside the refnum, and then place two numeric controls inside the
cluster. '

The remaining refnums are easy to use, because they do not have any

options. Byte Stream refnums are used with byte stream files, either text

or non—record binary files. Device refnums are used with the device I/O

functions. The network connection refnum is used with the TC-P/IP Vls.

The occurrence refnum is used with the occurrence {unetions

©Nati0nal Instruments Corporation 10-3 LabVIEWfor Windows User Manual

DEFS 00031833

Page 246 of 460



Page 247 of 460

Block Diagram Programming
Chapters 11 through 19

 
DEFS 00031834

Page 247 of 460



Page 248 of 460

Introduction to the Block

Diagram
 
  

 
This chapter describes nodes, terminals, and wires-the elements you use

to build a block diagram. The chapter also discusses how to get online

help when you are putting these items together.

Block Diagram 

You create block diagrams with nodes, terminals, and wires.

Nodes are program execution elements. They are analogous to
statements, operators, functions, and subroutines in conventional

programming languages.

Terminals are ports through which data passes between the block

diagram and front panel, as well as between nodes on the block diagram.

Terminals underlie the icons of functions and VIs. The following

illustration shows an example of a terminal pattern on the left and its

corresponding icon on the right. To display the terminals for a function

or VI, pop up on the icon and select Show Terminals.

Wires are the data paths between input and output terminals.

Terminals

LabVIEW has many types of terminals. In general, a terminal is any

point to which you can attach a wire. LabVIEW has control and indicator

terminals, node terminals, constants, and specialized terminals on
structures.

Temiinals that supply data, such as front panel control terminals, node

output terminals, and constants, are also called source terminals. Node
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input terminals and front panel indicator terminals are also called

destination or sink terminals because they receive the data.

Control and Indicator Terminals

You enter values into front panel controls and, when a VI executes, the

control terminals pass these values to the block diagram. When the VI

finishes executing, the output data passes from the block diagram to the

front panel indicators through the indicator terminals.

The symbols for some of the LabVIEW control and indicator terminals

are shown in Figure l 1-] , LabVIEW Control and Indicator Terminal

Symbols. Notice that each encloses a picture that suggests the data type

of the control or indicator and, in the case of numerics, the representation

as wel]. Control terminals have a thicker border than indicator terminals.

Because a terminal belongs to its corresponding control or indicator, you

cannot copy or delete a terminal. LabVIEW automatically creates or

disposes of terminals when you create or remove front panel controls or
indicators.

An array terminal encloses one of the data types shown in square

brackets, and takes on the color of the data type of the array.
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Figure 11-1. ‘

331133253“ -_-m
Symbols. Extended-precision floating-point

Double-precision flOating-poim

Single-precision floating-point

fié’i‘ii‘iigi‘pifi“ded'pm§i°“

figgggpgmble-precision

Unsigned 32-bit integer

Unsigned 16-bit integer

Unsigned 8-bit integer

32-bit integer (long word)

16ebit integer (Word)

8-bit integer ,

Cluster

[5%] Amy

Enumeration

Path

Refnum
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User-Defined and Universal Constants

Constants are terminals on block diagram that supply data values directly
to the block diagram. You set the value of a user—defined constant prior

to program execution, and you cannot change its value during execution.
Universal constants have fixed values. You choose these constants from

the Structs & Constants palette of the Functions menu, shown below.

FUDL’tanS

Structs 6' Constants
arithmetic

Trig 8' Log >

Comparison >-

  
 

  
 
 

 

 

 

 
 

 

  

 

Converslon }

String ) ,.
flrrayt‘rcmster y E]
Filel/fl y

Dialogonate/Time >
Miscellaneous y

   
  
 

UI
El-I-IEI

IIIIZlIEJIEIIEl

The user-defined constants located in the second row in palette, like

labels, resize automatically as you enter information into them. If you

resize or change the shape of a label or string constant, you can select

Size to Text from its pop-up menu, and the constant or label resizes itself

automatically to fit its contents. The following illustration shows the

types of constants.

m- Surin- .in-l-—

- -

C:'\Mu HD'xlv-r'o' D '- -I_E_]

The ring constant associates text with a number, the same way a ring

control on the front panel does. The value of the ring constant is an

unsigned 16—bit integer. Although you can change the representation of

a ring constant to any numeric type except complex, the value will still

always be an integer from 0 to 11-1.
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The enumeration constant is similar to the ring constant except that the ’

mnemonics are considered part of the type. When an enumeration is

wired to the selection terminal of a case structure, cases arenamed

according to the enumeration’s mnemonics rather than traditional

numeric values. The numeric representation of an enumeration is always
an unsigned byte, word, or'long.

You can use the path constant to create a constant path value on the

diagram.

You can select colors from the color box constant to use with the color

box control, an internal control whose values correlate to specific colors.

Set the color box by clicking on it with the Coloring tool and choosing

the color you want from the color palette.

You use the Operating tool to set the value of a user-defined constant the

same way you set the value of a digital control, Boolean slide switch, or

string control on the front panel. The numeric and string constants

resemble front panel numeric controls and have pop-up menus similar to

the pop-up menus of controls, as shown below.

 

 

Numeric Constant

  
 
 

Show b

[lataflperations b

Replace b

Representation

Format 8* Precision...

[Strin- Constantl
Show

Data Operations

 
  

  

  
 

  

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

J Size to Tent

Enable "U Codes
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The path, string, ring, enumeration, and color box constants are resizable,

while the boolean and numeric constants are not. When you first place

most constants on the diagram, LabVIEW highlights the text box,

indicating that you can type into it immediately without changing the

tool. This does not take place with boolean, color box, or fixed constants.

The default representation of the numeric constant is a double-precision

floating-point number ifyou enter a floating—point number. a long integer

if you enter an integer, or a double—precision complex number if you

enter a complex number. For example, the representation is long integer

if you enter ' 1 2 3 ' and a double-precision floating-point number if you
enter ' 123 . ' . You can change the representation with the

Representation option from the constant pop-up menu.

Universal character constants include five commonly used

nondisplayable string characters and an empty string. Table 1 1-1 shows

the symbols and names for these constants.

Table 11-1. Universal Character Constants

Carriage return .

Line feed

Tab

Empty String

End of Line

 
Universal numeric constants are a set of high-precision and commonly

used mathematical and physical values, such as pi (1t) and the speed of
light (c). Table 11—2 lists these constants, whose values reflect the

precision of the extended-precision floating-point number in LabVIEW

or the precision to which they are known, in the case of physical
constants.
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Table 11-2. Universal Numeric Constants

 
  

 
 
 

 
  

 
 
 
  
 
 

  

  
  
 

Value

3.14159265358979320

6.28318530717958650

1.57079632679489660

0.31830988618379067

1.14472988584940020

2.71 828 1 82845 904520

*2H
E?H

9.'9,
OO8. 9.. "UH-

Reciprocal of e 0.36787944117144232lfe

Common Logarithm of e 0.43429448190325183

Natural Logarithm of 10

Natural Logafithm of 2

Planck's Constant (J/Hz)

Elementary Charge (C) 1.60218926-19

Gravitational Constant 6.6720e-l 1

(N mZ/ng)

Avogadro Number 6.0220e23.

(l/mol)

E Rydberg Constant (/m) 1.097373177e7
8.31441

2.30234095236904570

0.69314718055994531 '

6.62626-34
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The Help window, discussed later in this chapter, shows the value of a

universal constant when you touch the constant with any tool.

The error constant is a predefined ring. You click on the constant with

the Operating tool and select the error message you want from the dialog

box that appears, which is shown in the following figure. This ring is

useful with the file I/O functions, because it makes the diagrams more

descriptive. For instance, if you try to open a nonexistent file using the

Open File function, the function returns an error code of 7. YOu can test

for this condition by comparing the error code output to an error ring set
to a value of File Not Found (7).

-@

  J No Error

Argument Error

Memory Full
But of Zone

End of File

File Already Open
Generic File lD Error

File Not Found

File Permission Error

Disk Full

Duplicate Path

Too li-l any Files Upen
Hot Enabled

Nodes

Nodes are the execution elements of a block diagram. The six types of"

nodes are functions, subVIs, structures, Code Interface Nodes (Cle),

Formula Nodes, and Attribute Nodes. Functions and subVl nodes have

Similar appearances and roles in a block diagram, but they have

substantial differences. They are explained in the following sections.

CINs are interfaces between the block diagram and code you write in

conventional programming languages such as C or Pascal. See the

LabVIEW Code Interface Reference Manual for more information.

Structures supplement the LabVIEW dataflow programming model to

control execution order. They are discussed briefly in a section that

follows, but see Chapter l3, Structures. for in-depth information.

Formula Nodes supplement the functions by allowing you to use
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formulas on the block diagram. See Chapter 14, The Formula Node, for

more information. Attribute Nodes-let you change control attributes

programmatically. See Chapter 15, Attribute Nodes, for more
information.

Functions

Functions are elementary nodes built into LabVlEW. They perform

elementary operations like adding numbers, file I/O, and string

formatting. LabVIEW functions do not have front panels or block

diagrams. When compiled, they generate inline machine code. See the

LabVlEW Function Reference Manual for detailed descriptions of
individual functions.

You select functions from the Functions menu, as shown below.

 

 

  
  

Functions

Structs t‘r Constants

Hrithmetic

Trig 9 Log

Comparison -

Conversion

String

Hrrag 8* Cluster
File III]

Dialog 8* Datex’Time
Miscellaneous

UI

 

V'VVVV‘V‘VHV'V"V‘F"
When you select afunction, its icon appears on the diagram. You can use

the Help window to see how to wire to the function, or you can select

Show Terminals from the icon pop-up menu to see precisely Where the
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terminals are located, as shown in the following illustration. You can use

the function label to annotate its purpose in the diagram.

  Show

Description...

Show Terminals

Replace

 
  
  

Show

Description...

Show Icon

Replace
 

When you wire to a function, you wire to one of its terminals.

Some may and cluster functions have a variable number of terminals.

For example, if you build an array of three elements, the Build Array

function needs three input terminals, but if you build one with 10
elements, the function needs 10 terminals.

You can change the number of terminals of the expandable functions by

resizing the icon with the Resizing tool in the same way you resize other

LabVIEW objects, as shown below. You can enlarge or reduce, but you

cannot shrink a function if it would cause any wired terminals to

disappear.

 
You can also change the number of terminals with the Add and Remove

commands from a tenninal's pop—up menu, as shown below. The

Remove command removes the terminal on which you popped up and
disconnects the wire, if the terminal is wired, while the Add command
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adds a terminal immediately after it. The full names of these commands

vary with the function.

 

  
  

 

  
  

-+EI

' Show

Description...

Replace

Change to array

Hdtl Element Input

Htltl flrrng Input

Remove Input

 

 

SubVI Nodes

If you design an icon and connector for a VI, you can call the VI as a
subVI from the diagram of another VI.

A subVI node appears on the block diagram as the icon/connector of the

underlying VI. These are the same symbols that you create for the

icon/connector pane of the VI. You can show either the icon or the

connector in the same manner as for functions. The Help window shows

how to wire to the subVI node. The input and output terminal names are

the labels you gave to the front panel controls and indicators associated

with the connector terminals. Unlike a function, however, a subVI node

' label displays the name of the subVI.

A subVI is analogous to a subroutine. A subVl node is a reference to a

subVI, analogous to asubroutine call statement. A block diagram that \
contains several identical subVl nodes calls the suth several times. The

subVI node is not the subVI itself, just as a subroutine call statement in

a program is not the subroutine itself.

SubVls combine the benefits of subroutines and V15. Like subroutines,
subVIs employ re-usable code and code sharing; they separate tasks and

break down complex problems into manageable units. Like Vls, subVIs

are intuitive, graphical user interfaces with self-documenting graphical

code and interactive execution, execution highlighting, and printing

capabilities. You cannot use a VI recursively; that is, it cannot be its own

subVI, or a subVl of one of its subVIs, and so on. You can view the

hierarchy of VIs loaded into memory by selecting Show Hierarchy from
the Windows menu.
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You select VIs you want to use as subVIs from the bottom half of the

Functions menu, as shown in the following figure.

LII

Flnalysis

DFIEI

GPIB

Network

Tutorial

SEfial

Utility

VVVVVVV
 

Displays the Open File dialog box, from which you can select any VI in

the system. _
”I...

an a I U sis Displays a hierarchical menu of analysis VIs, including digital filter,
DSP, numerical, and statistical VIs. See your LabVIEW analysis VI
reference manual.

Dnu‘ Displays a hierarchical menu of data acquisition VIs, including analog,
digital, data acquisition, counter/timer, waveform, andRTSI VIs. See the

LabVIEWfor Windows Data Acquisition VI Reference Manual.

[3P I B ' Displays a submenu of VIs that follow the ANSI/[BEE Standard 488.1—
1987 and the ANSI/[EEE Standard 4882-1987. See the LabVIEW GPIB

and Serial Part VI Reference Manual.

Ne tn. 0 rk Displays a menu of VIs for networking with LabVIEW, described in the
LabVIEW Networking Reference Manual.

5 e ri 6' Displays a menu of Vls for serial port control. The LabVIEW GPIB and »

Serial Port VI Reference Manual describes these VIs.

TU t D rial Displays a menu of VIs that correspond to the exercises in the LabVlEW
for Windows Tutorial.

I] t i H t 9 Displays a menu of specialized VIs described in Chapter 17, File VIs, and
in Chapter 18, Error Handler VIs, of this manual.

You open a V] by double-clicking on the subVI node or by choosing the

Open Front Panel command from the node pop-up menu. You can also
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select the VI fromeither the This VI's Callees or the Unopened SubVIs

palette in the Windows menu. The first palette identifies all the subVIs

directly called by the VI in the first window. The second palette identifies

all Vls that are in memory but whose panels are not open.

If you do not wire a subVI input terminal, the subVI uses the default

value for the respective control as defined when you created that subVI.

Any changes you make to a subVI alters only the version in memory until

you save it. However, the changes affect all calls to the subVI and not just

the node you used to open the VI. If you make changes and then Close the

VI without saving them, a dialog box reminds you that the altered

memory version is what executes when you run the calling VI. (You can

choose Revert frOm the File menu to discard changes in memory before

you close the front panel of the subVI.) Eventually, when you close the

calling VI, another dialog box asks if you want to save the altered version
of the subVI.

Structures

When you are programming, you sometimes need to repeat sections of
code a set number of times or while a certain condition is true. In other

situations, you need to execute different sections of code when different

conditions exist or execute code in a specific order. LabVIEW contains

four special nodes, called structures, that help you do these things, which

are otherwise not possible within the LabVIEW dataflow framework.

Each structure has a distinctive, resizable border that you use to enclose

the code that executes under the structure's special rules. For example,

the diagram contained within aFor Loop structure repeats execution a set

number of times. For this reason, the diagram inside the structure border

is called a subdiagram. You can nest subdiagrams.

Besides the For Loop, LabVIEW also has a While Loop structure, which

repeats the execution of its subdiagram while a condition is TRUE; 3

Case structure, which has multiple subdiagrams, only one of which

executes depending on the value passed to its selector terminal; and a

Sequence structure, which executes code in the numeric order of its

subdiagrams.

Because structures are nodes, they have terminals that connect them to

other nodes. For example, the terminals that feed data into and out of

structures are called tunnels. Tunnels are relocatable connection points

for wires from outside and inside the structures. See Chapter 13,

Structures, for more information.
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Online Help for Constants, Functions, and SubVI Nodes

The LabVIEW Help window, shown in the following figure, displays the

wiring diagrams of functions and subVI nodes and the values of

universal constants. To display the window, choose Show Help Window

from the Windows menu. If your keyboard has a <Help> key, you can

press the <Help> key instead. You can reposition the Help window

anywhere on the screen. To close the window, click on the menu box in

the upper-left comer of the Help window, or select Show Help Window

again to uncheck it.

When you move any tool across a function or a subVl node, the Help
window shows the icon for the function or VI with wires of the

appropriate data type and color attached to each terminal. Input wires

point to the left, and output wires point to the right. Terminal names

appear with each wire. The following illustration shows the contents of

the Help window when you pass a too] over the Sine function.

 
Help Window

If a function input does not have to be wired, the default value the

function will use appears in parentheses next to the name. If the function

can accept multiple data types, the Help window shows the most

common type.

The labels of the front panel controls and indicators provide the

corresponding terminal names for subVI nodes. All subVl node inputs

are optional, and their default values do not appear in the Help window.

The Help window also shows help for Vls in the function menu. Hold the

cursor on a VI palette icon for several seconds to see the associated help
screen.

Hold a too] over a wire to see the data type carried by that wire.
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This chapter explains how to wire the block diagram, which is the VI

program, and how to debug nonexecutable VIs.

Basic Wiring Techniques 

You use the Wiring tool to connect terminals; The cursor point or hot

spot of the tool is the tip of the unwound wire segment, as shown below.

Wiring Cursor Hot Spot ‘——“—>g

The symbol to the left represents the mouse. In the wiring illustrations in

this chapter, the arrow at the end of this mouse symbol shows where to

click, and the number printed on the mouse button indicates how many
times to click.

 

 
To wire from one terminal to another, click the Wiring tool on the first

terminal, move the tool to the second terminal, and then click on the

second terminal as shown in the above illustration. It does not matter

which terminal you click on first. The terminal area blinks when the hot

spot of the Wiring tool is correctly positioned on the terminal. Clicking

connects a wire to that terminal. Once you have made the first

connection, LabVIEW draws a wire as you move the cursor across the
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diagram, as if the wire were reeling off the spool. You do not need to hold
down the mouse button.

To wire from an existing wire, perform the operation described above,

starting or ending the operation on the existing wire. The wire blinks

when the Wiring tool is correctly positioned to fasten a new wire to the

existing wire.

You can wire directly from a terminal outside a structure to a terminal

within the structure using the basic wiring operation, LabVIEW creates

a tunnel where the wire crosses the structure boundary.

 
Wires reel off from terminals vertically or horizontally, depending on the

direction in which you first move the Wiring tool. Wires spool vertically

if you move the too] up or down and horizontally if you move the tool

left or right. LabVIEW centers the connection on the terminals,
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regardless of the exact position of the hot spot when you click the mouse
button.

 
You can elbow your wire once without clicking. You click the mouse to

tack the wire and change direction, as shown below.

 
Note: You can also change the direction from which the wire leaves a tack

point by pressing the space bar. You can <control>~click to untack the

last tackpoint. Ifthe last tackpoint is the terminal, untacking removes

the wire completely.
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You can double-click with the wiring tool to begin or terminate a wire in
an open area.

 
terminating in an open area beginning in an open area

When wires cross, a small gap appears in the first wire drawn, as if it
were underneath the second wire, as shown below.
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Wire Stretching

You can move wired objects individually or in groups by dragging the .

selected objects to the new location using the Positioning tool. The wires

connected to the selected objects stretch automatically.

 
If you duplicate the selected objects or move them from one diagram into

another—for example, from the block diagram into a structure diagram—

LabVIEW leaves behind the connecting wires, unless you select them as
well.

Wire stretching occasionally creates wire stubs or loose ends. You must

remove these by using the Remove Bad Wires command from the Edit
menu before the VI will execute.

Selecting, Moving, and Deleting Wires

A wire segment is a single horizontal or vertical piece of wire. The point

at which three or four wire segments join is ajunction. A bend in a wire

is where two segments join. A wire branch contains all the wire segments

from junction to junction, terminal to junction, or terminal to terminal if

there are no junctions in between. One mouse click with the Positioning

tool on a wire selects a segment. A double click selects abranch. A triple
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click selects an entire wire. Press the delete or backspace key to remove

the selected portion of wire.

Two clicks Three clicks select
select a branch an entire wire

 
To reposition a wire segment, drag it to the new location with the

Positioning tool. You can reposition one or more segments by selecting

and dragging them. You can also move selected segments one pixel at a

time by pressing the arrow keys on the keyboard. LabVIEW stretches

, adjacent, unselected segments to accommodate the change. You can
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select and drag multiple wire segments, even discontinuous segments,

simultaneously.

 
Sometimes repositioning a wired object results in an extra segment or

oddly positioned wire segment, as shown in the example above. If you

do not like the way the wire looks, you can move it. You can use the shift

key .to constrain the wire drag.

When you move a tunnel, LabVlEW normally maintains a wire

connection between the tunnel and the wired node, as shown below.

4 a
'fififiWfiPfi-i-i--

x 
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Moving a tunnel sometimes creates an extra wire segment that lies

beneath the‘structure border, however. You cannot select and drag this

segment because it is hidden, but it disappears if you drag the segment
connected to it, as shown below. If you are unsure about which wire is

connected to a tunnel, triple-click on'the wire.

“2.94am-
v'fi:

m:

.: l
 
To select the parts of a wire inside and outside a loop structure at the

same time, select the pan of the wire on one side of the structure and hold

. down the shift key while you select the part of the wire on the other side

- of the structure. Holding down the shift key allows you to add an object

to a group of previously selected objects. You can also drag a selection

rectangle around both parts of the wire. (The structure will not be

selected unless you completely surround it with a selection rectangle.
Other nodes need only touch the rectangle to be selected.)

Wiring to Off-Screen Areas

If a block diagram is too large to fit on the screen, you can use the scroll

bars to move to an off-screen area and drag whatever objects you need
there.
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Dragging the Wiring tool slightly past the edge of the Diagram window

while you are wiring automatically scrolls the diagram.

Duplicating Sections of the Block Diagram

As with front panel editing, you can use the Clipboard to copy, cut, and

paste objects from the block diagram of one VI to another. You can

duplicate all objects except for front panel control and indicator

temiinals. To duplicate these terminals, you must move the

corresponding front panel controls and indicators to the new front panel
and then rewire the terminals. ‘

For example, if you need to use a portion of a block diagram in another

VI, you can select that portion with the Positioning tool or by <shift>~

clicking on it, copy it to the clipboard, and paste. it into the new V1. You

can also drag the selected portion of the diagram directly to the other VI's

diagram. When you copy portions of a diagram between VIs, consider

turning that portion into a subVI with an icon/connector.

Replacing and Inserting Block Diagram Objects 

Suppose you used an Increment function in the block diagram where you
should have used the Decrement function. You can delete the Increment

function node and then select the Decrement node from the Functions

~ menu and rewire. You can also use the Replace option in the Increment

node pop-up menu. Selecting Replace gives you the Functions menu,

from which you can choose the Decrement function. The advantage of

this method is that LabVIEW places the new node where the old node

was and does not disturb the wiring. You can replace a function with any

other function, although if the number of terminals or data types in each

function node is different, you may get broken wires.

You can also use Replace to replace a constant with another constant or

a structure with another similar structure, such as a While Loop with a

For Loop.

Wire pop-up menus have an Insert option. Choosing Insert accesses the

Functions menu, from which you can choose any function or V] on the

menu. LabVIEW then splices the node you choose into the wire on which

you popped-up. You must be careful to check the wiring if the node has

more than one input or output terminal, however, because the wires may

not connect to the terminal you expected.
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Solving Wiring Problems 

When you make a wiring mistake, a broken wire—a dashed line—appears
instead of the wire pattern. The following sections tell you how to

recognize, avoid, and solve wiring problems.

Common Reasons for Bad ‘Wires

This section describes some of the common causes of faulty wires.

Faulty Connections

If a wire connection is faulty, the wire is broken. If you already know
why a wire is broken, choose Remove Bad Wires from the Edit menu

and rewire the affected objects correctly. Sometimes you may have a

faulty wiring connection that is not visible because the offending

segment is very small or is hidden behind an object. If the Run arrow is

E broken but you cannot see any problems in the block diagram, select
Remove Bad Wires in case there are hidden bad wire segments. 1f the

Run arrow returns to its unbroken state, you corrected the problem. If
not, click on the broken Run Arrow button to see a list of errors.

If you do not know why a particular wire is broken, pop up on the broken

wire and choose List Errors from the pop-up menu. The dialog box
shown below appears and lists the errors. Click on one of the errors. This

selects the erroneous wire, Which you can then delete or repair.

  List Errors... I 
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The following figure shows a list of all possible wire errors. They cannot

all occur simultaneously for a single wire.

Signal: tgpe conflict

: has multiple sources’
: has no source

: dimension conflict

: element conflict

: has loose ends

: is a member of a ct; cle
: has file refnum conflict

: unit conflict

: has loops
 

Wire Type, Dimension, Unit, or Element Conflict

A type mismatch occurs when you wire two objects of different data

types together, such as a numeric and a boolean.

 
The dimension conflict and element conflict errors occur in similar

situations: when you wire two arrays together whose elements match but

whose dimensions do not, and when you wire two clusters whose

elements have type differences, respectively. The unit conflict occurs

when you wire two objects together that have incommensurable units.

These problems typically arise when you inadvertently connect a wire to

the wrong terminal of a function or subVI. Select and remove the wire

and rewire to the correct terminal. You can use the Help window to avoid

this type of error. In other situations, you may have to change the type of
one of the terminals.
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Multiple Wire Sources

You can wire a single data source to multiple destinations, but you

cannot wire multiple data sources to a single destination. In the example
below you must disconnect one source.

 
During front panel construction, you may have dropped a control when

you meant to drop an indicator. If you try to wire an output value to the

terminal of a front panel control, you get a multiple sources error. Pop up

on the terminal and select the Change To Indicator command to correct
this error.

------

No Wire Source

Below are two examples of wires with no sources. In one case, a tunnel

supplies data to the Reciprocal function, but nothing supplies data to the

tunnel. In the other case, two function inputs are wired together, but there

is no data source for them. The solution to the problems is to wire a data

source to the tunnel and to the Add and Increment functions,

respectively. You also get this error if you wire together two front panel

indicator terminals when one should be a control. In this case, pop up on
one terminal and select the Change To Control command.
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Loose Ends

Loose ends are branches of wire that do not connect to a terminal. These

can result from wire stretching, from retracing during the wiring process,

or from deleting wired objects. Selecting Remove Bad Wires disposes
of loose ends.

 
Wire Stubs

When you wire to a terminal, you seldom click when the cursor is exactly

at the center of the terminal. When you are off center, LabVIEW

automatically adds a wire segmentfrom the click point to the terminal

center. If you then remove the wire going to the terminal, a wire stub can

remain, causing a broken Run button.

click point

J'_l
‘ -+—| terminal center ‘ ii i added segments

1+:— remnant left when
you delete horizontal

segment

 
To avoid this situation, tn'ple click on a wire to make sure all portions are

selected, then delete it. You can also use the Remove Bad Wires option
' in the Edit menu to delete the stubs.
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Wire Cycle

Wires must not form cycles. That is, wires must not form closed loops of

icons or structures. LabVIEW cannot execute cycles because each node

waits on the other to supply it data before it executes.

 
The shift register section of Chapter 13, Structures, describes the correct

way to feed back data in a repetitive calculation. 4

File Refnum Type Conflict

You get a file refnum type conflict when you'wire a refnum for a datalog
file to another datalog file that has a different record type.

Wiring Situations to Avoid

The following sections describe situations that do not produce bad wires
but do make the block diagram difficult to read or make it appear to do

things it actually does not. Remember, when you are unsure of what

connects to a wire you can double-click or triple—click on the wire to
select the branch or the entire wire.

Wire Loops

A loop of wire is not an error but is poor design because» it unnecessarily

clutters the diagram. Double—click on one of the branches to select it, then
delete it.

_ +1

Note: Ifyour VI has a loop ofwire, a warning will appear in the error list box

with the message has 1 oops, but only if there is also some other

error making the VI nonexecutable.
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Hidden Wire Segments

Try to avoid wiring under a structure border—wire through a tunnel to

pass data into the structure instead. You should also avoid wiring
between overlapped objects.

'I.L
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1.1.1....
’c’c
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You can inadvertently create hidden wire segments, such as when you

move a tunnel or enlarge a structure, as shown in parts 1 and 2 of the

example above. Parts 3 and 4 of this example show one way you can

make this diagram less confusing. You can drag the wire segment

connected to the constant so that the hidden wire segments reappear.

Press the shift key to constrain the wire drag and reduce the likelihood of

creating loose ends.
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Wiring Underneath Objects

Wires connect only those objects that you click on. Dragging a terminal

or icon on top of a wire makes it appear as if a connection exists when it

does not, as shown in the illustration on the left below. Dragging a wire

through an icon or terminal also appears to make a connection, but the

wire is actually behind the icon, as shown in the illustration on the right

below. Avoid these situations because they are visually confusing.

 
See the Warningsfor Overlapping Objects section in Chapter 3 for more

information on this problem.
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Problems in Wiring Structures

. The following sections discuss faulty connections with structures.

Assigning More Than One Value to a Sequence
Local ‘

You can assign a value to the local variable of a Sequence structure in

only one frame, although you can use the value in all subsequent frames.

The illustration to the left below shows thelvalue pi assigned to the

sequence local in frame 0. If you try to assign another value to this same

local variable in frame 1, you get a bad wire. This error is a variation of

the multiple sources error.

  DDElE'lEIElElElEI QUDDDDUDDDé

Failing to Wire 3 Tunnel in All Cases of a Case
Structure

Wiring from a Case structure to an object outside the structure results in

a bad tunnel if you do not connect all cases to the object, as shown in part

1 of the following example. This is a variation of the no source error

because at least one case would not provide a data value if it executed.

Wiring to the tunnel in all cases, as shown in part 2 of this example,

corrects the problem. This is not a multiple sources violation because

only one case executes and produces only one output value per each
execution of the Case structure.
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Overlapping 'lhnnels

Because LabVIEW creates tunnels as you wire, tunnels sometimes

overlap. Overlapping tunnels do not affect the execution of the diagram,

but they can make editing difficult. You should avoid creating

overlapping tunnels. If they occur, drag one tunnel away to expose the
other.

 
It is difficult to tell which tunnel is on t0p. You can make mistakes ifyou

try to wire to one of them while they overlap, as shown above, although

you can always remove the bad wires and try again.
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If you need to wire from an object inside a structure to an object outside

when one such wire already exists, do not wire through the structure

again as shown in the above illustration. Instead, begin the second wire

at the tunnel. In this example, two overlapping tunnels do not cause a '

problem. But if this were a Case structure, two overlapping bad tunnels

might have appeared to be wired in each case. You can always remove

all the wires from a tunnel to make it vanish and then rewire correctly.

See the Warningsfor Overlapping Objects section in Chapter 3 for more

information on this problem.

Note: Ifyour VI has overlapping tunnels, a warning will appear in the error

list box ifthere is also some other error making the VI nonexecutable.

Wiring from Multiple Frames of 3 Sequence
Structure

This illustration shows another variation of the multiple sources error.

Two Sequence structure frames attempt to assign values to the same

tunnel; The tunnel turns white to signal this error.

 
DDDDEIEJ ' DDDEIEID
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Wiring Underneath Rather Than Through a
Structure

To wire through a structure you must click either in the interior or on the

border of the structure, as shown below.

 
If you do not click in the interior or on the border of the structure, the wire

passes underneath the structure, as shown below.

 
When the Wiring tool crosses the left border of the structure, a

highlighted tunnel appears to indicate that LabVlEW will create a tunnel

at that location as soon as you click the mouse button. If you continue to

drag the tool through the structure without clicking the mouse until the

tool touches the right border of the structure, a second highlighted tunnel

appears on the right border. If you continue to. drag the wiring tool past

' the right border of the structure without clicking, both tunnels disappear,

and the wire passes underneath the structure rather than through it.
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If you tack down the wire inside the structure, however, the wire goes
through the structure even if you continue dragging the wiring tool past

the right border.

Debugging Techniques for Nonexecutable VIs

Fixing a Broken VI.

A VI cannot compile or run if it is broken. The V1 is usually broken while

you are creating or editing it, until you wire all the icons in the diagram.

If it is still broken when you finish, try selecting Remove Bad Wires

from the Edit menu first. Often, this fixes a broken VI.

E To find out why a V1 is broken, click on the broken run button. An
5 information box titled VI Name errors appears listing all the errors. To

locate a panicular error, click on the text that describes it. LabVlEW'

shows the error by bringing the relevant window to the front and

highlighting the object causing the error. The following list contains

some of the most common reasons for a VI being broken during editing.

- A function terminal requiring an input is unwired. For example,

you must wire all inputs to arithmetic functions. You cannot leave

unwired functions on the diagram while you run the VI to try out

different designs. .

- The block diagram contains a broken wire due to a mismatch of

data types or a loose, unconnected end. You must remove even wire
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stubs you cannot see with the Remove Bad Wires command from
the Edit menu.

A subVl is broken, or you edited its connector after'you placed its

icon in the diagram.

You may have a problem with an object you have made invisible,

disabled, or otherwise altered through an attribute node. Restore the

object using the attribute node to fix the problem, if possible.

The following list contains some possible errors in a form similar to the

way they look in the VI error information box.

Function Name: has unwired or bad terminal. A

required input is not wired or the type is inappropriate. Wire the

required inputs with the proper data types.

Code Interface Node: object code not loaded.

You did not link the object code of a CIN'properly. Pop up on the
node and reload the code.

Control: control does not match its type

definition . Edit the control to match, or pop up and update or

disconnect from the type definition VI.

Control: control is being edited in a Control

Editor window. You cannot run a VI if one of the controls is

being edited in the control editor.

Enumeration has duplicate entries . All the items in

an enumeration control must be unique and distinct.

Errors: stopped after N. LabVIEW shows only N errors

at one time. Unlisted errors appear after you fix the listed errors.

For Loop: N is unwired and there are no input

indexing tunnels. Unless N is wired or an array is indexed

on input, the loop cannot determine how many iterations to execute.

Global or Local Variable: named component

doesn ' t exist . The name of a variable has changed since you

last loaded the VI and the name in the Global or Local no longer

matches. Pop up on it and select another name.

Global Variable: subVI is missing . LabVlEW could

not find the global VI when it loaded the calling VI, perhaps
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because you changed the name. Replace the bad global variable

with a good one.

- Node: A subroutine priority VI cannot contain

an asynchronous node . You cannot use an asynchronous

function, such as Wait, in a VI that has a priority level equal to .
subroutine.

' Object: (partly) hidden . This warning appears only if

other errors are present. The object is hidden and may cause
confusion later on.

° Right Shift Register: type is undefined.You
must remove unused shift registers.

' Right Shift Register: some but not all left

sides are wired.A shift register must have inputs for all the
left sides or for none.

0 Sequence: One or more sequence locals were

never assigned. You forgot to wire to a Sequence structure

local variable. Remove unused sequence locals.

' subVI name: bad linkage to subVI. The connector

pattern of the subVI changed since you last loaded the subVI, or

you forgot to assign controls or indicators of the subVI to connector

terminals. In the former case, you can use the Relink command in

the subVI pop-up menu.

' subVI name: recursive references (dispose it).

You have changed the name of the calling VI to be the same as one

of its subVls, and LabVIEW now thinks the V1 is calling itself
recursively. (The V] and subVI are probably in different
directories.) LabVIEW prevents recursion when you attempt to

place a VI on its own block diagram.I

- subVI name: LV Subroutine link error.A problem

exists with linkage to a CIN routine.

° subVI name: A Subroutine priority VI cannot

call a non—subroutine priority subVI. You must

make the subVI execute at subroutine priority or change the calling

VI to something other than subroutine priority.
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° subVI name : subVI is already running . You cannot

run a VI if one of its subVIs is already running as a subVI of
another VI.

subVI name : subVI is in either panel order or

cluster order mode . You cannot run a VI if you are

changing the panel or cluster order of one of its subVIs.

' subVI name: subVI is in interactive retrieval

mode.You cannot run a VI if one of its subVls is in interactive

retrieval mode.

' subVI name: subVI is missing. LabVIEW could not find

the subVI when it loaded the calling VI, perhaps because you"

changed the name. Replace the bad subVI with a good one, or open

the missing subVI if you can find it.

' subVI name: subVI- is not executable.The subVI is

broken. Open it and repair its errors.

- Terminal: The associated array or cluster on

the front panel has no elements; its type is

undefined . You must place a control or indicator in the array or
cluster.

° Type Definition: Can ’t find valid type

definition . [abVIEW could not find the type definition VI

when it loaded the calling VI, perhaps because you changed the

name. Open the missing type definition VI if you can find it, pop up

on the bad control, and disconnect from the type definition, or

replace it with a good control.

' (Un ) Bundle By Name: Empty cluster , or some

components are unnamed. The input cluster wired to the

Bundle By Name function is either empty or has some components
that are not labeled.

' Unit : bad unit syntax . The text in the node is not a legal

unit expression. A ? is placed immediately before the

unrecognizable character.

If you encounter messages that are not self-explanatory, and not listed in

this chapter, contact National Instruments.
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Structures

This chapter describes how to use the For Loop, While Loop, Case, and

Sequence structures, found on the Struct5'& Constants palette of the
Function menu.

Structures are nodes that supplement the flow of execution in a block

diagram, just as control structures do in a conventional programming

language. The icon for each LabV-IEW structure is a resizeable box with

a distinctive border, as shown below.

For Loop m

While Loop

Case Structure  
Sequence Structure . an:

DUDE]
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Structures behave like other nodes in that they execute automatically
when their input data is available, and they supply data to their output

. wires only when execution completes. However, each structure executes

its subdiagram according to the rules described in the following sections.

A subdiagram is the collection of nodes, wires, terminals, and Space that

resides within the structure border. The For Loop and While Loop each

have one subdiagram. The Case and Sequence structures, however, can

have multiple subdiagrams stacked like cards in a deck with only one

visible at a time. You construct subdiagrams the same way as you .

construct the top—level block diagram—subdiagrams can contain block

diagram terminals, nodes (including other structures), and wires.

LabVIEW creates terminals for passing data into and out of a structure

automatically where wires connecting outside nodes and inside nodes

cross the structure boundary. These boundary terminals are called

tunnels. Tunnels always have one edge exposed to the inside of the

structure and one edge exposed to the outside. A tunnel always resides

on the border of the structure, but you can move it anywhere along that

border by dragging it with the Positioning tool. You can think of tunnels

as way stations for data flowing into or out of a structure. Depending

upon the type of structure, the data may be transformed by the tunnels.

Structures also have other terminals that are particular to each type of

structure. These terminals are described with the appropriate structures

in the following sections.

For Loop and While Loop Structures 

For Loop

IE
count terminal

In

El ..

You use the For Loop and While Loop to control repetitive operations,

' either until a specified number of iterations has completed (For L00p) or

until a specified condition is no longer true (While Loop).

A For Loop executes its subdiagram count times, where the count equals
the value contained in the count terminal. You can set the count

explicitly by wiring a value from outside the loop to the. left or top side

of the count terminal, or you can set the count implicitly with aut0~

indexing (see the Auto-Indexing section in this chapter for more

information). The other edges of the count terminal are exposed to the

inside of the loop so that you can access the count internally.
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The iteration terminal contains the current number of completed

m iterations; 0 during the first iteration, 1 during the second, and so on up
iteration terminal to NJ. Both the count and iteration terminals are signed long integers

with a range of0 through 231-1. If you wire a floating-point number to
.the count terminal, LabVIEW rounds it, if necessary, and coerces it to

within range. If you wire 0 to the count terminal, the loop does not
execute. ‘

' The For Loop is equivalent to the following pseudo-code:

for i = O to N-l

Execute subdiagram

While Loop

El A While Loop executes its subdiagram until a Boolean value you wire to
. . . the conditional terminal is FALSE. LabVIEW checks the conditional

conditional terminal
terminal value at the end of each iteration, and if the value is TRUE,

another iteration occurs, so the loop always executes at least once. The

default value of the conditional terminal is FALSE, so if it is unwired, the

loop iterates only once.

The iteration terminal behaves exactly as it does in the For Loop.

The While Loop is equivalent to the following pseudo—code: ,
 

iteration terminal ’ Do

Execute subdiagram (which sets condition)

While condition is TRUE

Both loop structures can have terminals called shift registers that you use

for passing data from the current iteration to the next iteration. See the

Shift Registers section of this chapter for more information.

Placing Objects inside Structures

You can place an object inside structures by dragging it inside, or by

creating it in place.

You cannot put an object inside a structure by dragging the structure over

the object. If you move a structure and it overlaps another object, the

overlapped object will be visible above the edge of the structure. If you

put the structure completely over another object, that object will display
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a thick shadow to warn you that the object is below, not inside the

structure. Both of these situations are shown in the following illustration.

 
Terminals Inside Loops

Inputs to a loop pass data before loop execution. Outputs pass data out of

a loop only after the loop completes all iterations.

, You must place a terminal inside a loop when you want the loop to check

the terminal's value on each iteration. For example, when you place the

terminal of a front panel Boolean control inside a While Loop and wire

the terminal to the loop conditional terminal of the loop, the loop checks

the value of the terminal at the end of every iteration to determine

whether it should iterate again. You can stop this While Loop, shown in

the following figure, by changing the value of the front panel control to
FALSE.
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If you place the terminal of the Boolean control outside the While Loop,
as shown below, you create an infinite loop.

 
If the control was true at the start, changing the value of the front panel

control to FALSE does not stop the execution of this loop because the

value is not propagated until the loop stops and the V1 is re-run. If you

inadvertently create an infinite loop in LabVlEW, you can always stop it

by aborting the VI. Click on the Stop button to abort.

Auto-Indexing

For Loop and While Loop structures can index and accumulate arrays at
their boundaries automatically. These capabilities collectively are called

auto-indexing. When you enable auto—indexing and wire an array of any

dimension from an external node to an input tunnel on the loop border,

components of that array enter the loop one at a time starting with the

first component. The loop indexes scalar elements from one-dimensional

arrays, one-dimensional arrays from two-dimensional arrays, and so on.

The opposite action occurs at output tunnels—elements accumulate

sequentially into one-dimensional arrays, one-dimensional arrays

accumulate into two-dimensional arrays, and so on.
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The following illustration shows the appearance of tunnels on the loop

structure borders with and without auto-indexing. The wire becomes

thicker as it changes dimensions at the loop border.

eHin J, 
You often use For Loops to process arrays sequentially. For this reason,

LabVIEW enables auto-indexing by default when you wire an array into

or out of a For Loop. While Loops are not commonly used for that,

purpose, so LabVIEW does not enable auto-indexing for them. You must

pop up on the tunnel at the loop border and choose Enable Indexing for

While Loops. You can likewise select Disable Indexing from a For

Loop tunnel pop-up menu.

Using Auto-Indexing to Set the For Loop Count

When you enable auto-indexing on an array entering a For Loop,

LabVIEW automatically sets the count to the size of the array, thus

eliminating the need for you to wire to the count terminal explicitly. If

you enable auto-indexing for more than one tunnel, or if you do set the

count explicitly, the count becomes the smallest of the choices. So if two

auto-indexed arrays enter the loop, with 10 and 20 components

respectively, and if you wire a value of 15 to the count terminal, the count

is 10, and the loop indexes only the first 10 components of the second
array.

Auto-indexing output arrays receive a new output element from every

iteration of the loop. Therefore, auto-indexed output arrays are always

equal in size to the number of iterations (10 in the previous example).
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If Auto—indexing is disabled, only the value from the last iteration of the

loop is passed.

Using Auto-Indexing with While Loops

When you enable auto-indexing for an array entering a While Loop, the

While Loop indexes the array the same way as a For Loop does.

However, the number of iterations a While Loop executes is not limited

by the size of the array, because the While Loop iterates as long as a

certain condition is TRUE.'When a While. Loop indexes past the end of

the array, the default value for the array element type passes into the

loop. Auto-indexing output aJrays receive an output element from each

iteration of the While Loop. They continue to grow in size as long as the

While Loop executes.

Note: Auto-indexing with a While Loop that iterates too many times can

cause you to run out ofmemory. See Chapter 4, Arrays and Graphs, of

the LabVIEWfor Windows Tutorial forfurther information about

building arrays with While Loops to prevent this problem.

Executing a For Loop Zero Times

When you set the count to zero, a For Loop does not execute its

subdiagram at all. The value of all scalar data leaving the For Loop
conforms to the following rules.

- An output may created by auto-indexing at an output tunnel is
empty.

- The output from an initialized shift register is the initial value. See

the Shift Registers section of this chapter for more information.

- An array passed through a non—indexing output tunnel is also
empty.

- All scalars passed through non-indexing output tunnels are

undefined, and you cannot rely on their value.

The loop count is set to zero or defaults to zero in two ways. You can

either auto-index an empty input array, or you can wire a zero or a

negative number to the count temiinal explicitly. You must wire to the

count terminal unless you auto-index an input array.

© National Instruments Corporation 13-7 LabVIEWfor Windows User Manual

DEFS 00031879

Page 292 of 460



Page 293 of 460

Structures

Shift Registers

Chapter 15

Whenever you auto-index input arrays or set the loop count with a

van'able, you should analyze the diagram to determine if a zero count can

occur, and if so, what the effects would be.

Shift registers, which are available in For Loops and While Loops, are
local variables that feed back or transfer values from the completion of

one iteration to the beginning of the next. By selecting Add Shift

Register from the loop border pop-up menu, you can create a register

anywhere along the vertical boundary, as shown below. This menu item

is not available from the top or bottom edge of the structure. You can

reposition a shift register along the vertical boundary by dragging it. '

Show Label

Descfipfinn".

Replace

Add ShiftRegister * f
 

A shift register has a pair of terminals directlyopposite each other on the

vertical sides of the loop border. The right terminal, the rectangle with

the up arrow, stores the data at the completion of an iteration. LabVIEW

shifts that data at the end of the iteration, and it appears in the left

terminal, the rectangle with the down arrow, in time for the next

iteration. You can use shift registers for any type of data, but the data you

wire to each register's terminals must be of the same type.

To initialize a shift register, wire a value from outside the loop to the left

terminal. If you do not initialize the register, the loop uses as the initial

value the last value inserted in the register when the loop last executed.

If you initialize one shift register on a structure,4you must initialize all the

shift registers on that structure. You should normally use initialized shift

registers to ensure consistent behavior. See Chapter 3, Loops and Charts,

of the LabVIEWfor Windows Tutorial for further information on using

uninitialized shift registers.
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When the loop finishes executing, the last value stored in the shift

register remains at the right terminal. If the right terminal is wired outside

of the loop, this last value passes out when the loop completes.

: 
To add or remove terminals, use the Positioning tool to resize the left

terminals. Alternatively, you can use the Add Element command from

the shift register pop-up menu to add more left terminals to the shift

register. Added terminals appear directly below the one on which you J

pop up, as shown in the following illustration. Use the Remove Element

command to remove the terminal on which you pop up. The following

illustration shows both methods. The only way to remove extra wired

terminals is to choose Remove Element from the shift register pop-up

menu. Selecting Remove All deletes the shift register.

Retrieve ii'éemzmt

Remove All . 
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The topmost left terminal holds the value from the previous iteration, i-l.

The terminal immediately under the uppermost terminal contains the

value from iteration i-2, and so on with each successive terminal.

The following pseudo—code shows a three-value running average routine

equivalent to the LabVIEW block diagram.

a=b=0

for i =0 to N-l

avg = (X[i]+a+b)/3

 
Case and Sequence Structures

Both Case and Sequence structures can have multiple subdiagrams,

configured like a deck of cards, of which only one is visible at a time. At

the top ofeach structure border is the subdiagram display window, which

contains a diagram identifier in the center and decrement and increment

' buttons at each side. The diagram identifier indicates which subdiagram

is currently being displayed.

Case structure
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Sequence structure
“HIE-l

DUDE]

Clicking on the decrement (left) or increment (right) button displays the

previous or next subdiagram, reSpectively. Incrementing from the last

subdiagram displays the first subdiagram, and decrementing from the

first subdiagram displays the last. Other uses of the display window are

explained in the Editing Case and Sequence Structures section of this

chapter.

Case Structure

The Case structure has two or more subdiagrams, or cases, exactly one

of which executes when the structure executes depending upon the value

of the Boolean or numeric scalar you wire to the external side of the

selection terminal or selector. If a Boolean is wired to the selector, the
structure has two cases, False and True. If a numeric is wired to the

E selector, the structure can have from O to 215-1 cases. Initially only the
SCICCIOT 0 and 1 cases are available. To add more cases, follow the procedure

outlined in the Adding Subdiagrams section of this chapter. (If you wire

afloating—point number to the selector, LabVIEW rounds it to the nearest

integer value. LabVIEW coerces negative numbers to O and values

higher than the highest-numbered case to the last case.)

If you wire an enumeration to the selector, there must be one subdiagram
for each enumeration item. The case identifiers will be the same as the

enumeration item names.

Note: Case statements in other programming languages generally do not

execute any case ifa case value is out ofrange. Ifyou do not want out-

of-range values to activate the highest or lowest cases in LabVIEW,

you must either pretest the selector datafor out-of-range numbers, or

include a trap case that does nothingfor out-of-range values.
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You can position the selector anywhere along the left border, but you

must wire the selector. The selector automatically adjusts to the data

type. If you change the value wired to the selector from a numeric to a

Boolean, cases 0 and 1 change to False and True. If other cases exist

(2 through n), LabVIEW does not discard them, in case the change in

data types is accidental. However, you must delete these extra cases
before the structure can execute.

Incorrect

Correct

.1.1.~.~a.1.L-L-|.-prl‘l.‘L'rC-I. .1.1I.'l 
The data at all input terminals (tunnels and selection terminal) is

, available to all cases. Cases are not required to use input data or to supply

output data, but ifany case supplies output data, all must do so. If you do

not wire data to an output tunnel from every case, the tunnel tums white,

as in the top example in the above illustration, and the broken Run button

appears.

When all cases supply data to the tunnel, it turns black, as in the bottom

example in the above illustration, and the Run button appears unbroken.

Adding, moving, and deleting Case subdiagrams are discussed after the

following section on the Sequence structure, because these operations
are similar for both structures.
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Sequence Structure

The Sequence structure, which looks like a frame of film, consists of one

or more subdiagrams, or frames, that execute sequentially.

Determining the execution order of a program by arranging its elements

in sequence is called control flow. BASIC, C, and most other

programming languages have inherent control flow, because statements

execute in the order in which they appear in the program. The Sequence
structure is the LabVIEW way of obtaining control flow within a

dataflow framework. A Sequence structure executes frame 0, followed

by frame 1, then frame 2, until the last frame executes. Only when the

last frame completes does data leave the structure.

Within each frame, as in the rest of the block diagram, data dependency
determines the execution order of nodes.

You use the Sequence structure to control the order of execution ofnodes

that are not data-dependent. A node that gets its data directly or indirectly

from another node has a data dependency on the other node and will

always execute after the other node completes. You do not need to use

the Sequence structure when data dependency exists or when the "

execution order is unimportant. '

If one part of a block diagram must execute before another part can

begin. but data dependency does not exist between them, the Sequence
structure can establish the correct execution order. This situation occurs

often with GPIB applications. You may need to write a command to an

instrument before taking a reading; however, the Receive V1 does not use

data from the Send VI and thus has no data dependency on it. Without

the Sequence structure, the Receive VI may execute first, causing errors.

By placing the Send V] in frame 0 of a Sequence structure and the
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Receive VI in frame 1, as shown in the following illustration, you can
enforce the proper execution order.

-nunnnnumnunnnuu

new bvtes to read

:31:

DDDDDDDDDUDDDDDDDD

 
Output tunnels of Sequence structures can have only one data source,

unlike Case structures. The output can emit from any frame, but keep in

mind that data leaves the structure only when it completes execution

entirely, not when the individual frames finish. Data at input tunnels is
available to all frames, as with Case structures.

To pass data from one frame to any subsequent frame, use a terminal

called a sequence local. To obtain a sequence local, choose Add

Sequence Local from the structure border pop-up menu. This option is
not available if you pOp up too close to another sequence local or over

the subdiagram display window. You can drag the terminal to any
unoccupied location on the border. Use the Remove command from the

sequence local pop-up menu to remove a terminal.
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An outward—pointing arrow appears in the sequence local terminal of the

frame containing the data source. The terminal in subsequent frames

contains an inward—pointing arrow, indicating that the terminal is a

source for that frame. In frames before the source frame, you cannot use

the sequence local, and it appears as a dimmed rectangle. The following

illustrations show the sequence local terminal.

Sequence local Sequence local
cannot be used is sink of data

i-n

ulDDElEIElDf

Sequence local is Cannot wire an

source of data input value to a

sequence local

that is a source _

 
Editing Case and Sequence Structures

Because editing and manipulating the Case and Sequence structures

involves similar techniques, the following examples show only the Case

structure and its pop—up menus. For Sequence menus, substitute the word

frame where the word case appears. A new Case structure has two cases

and can never have fewer. A new Sequence structure has one frame.

Moving between Subdiagrams

The fastest way to view the next lower or higher subdiagram is to click

on the increment or decrement button in the display window. If you want

to jump over several subdiagrams, click on the subdiagram identifier and

select the destination subdiagram from the pop—up menu, as shown
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below. You can also use the Show Case command from the border

pop-up menu.

  
 
 Show

Description...

Replace

Show Ease

age; i2 £2323 fitter

fies; {fie-st»? Before

§3§i§3§i§2é§§8 {Ease

Make This Case b

8882:3538 :2 ese

 

 

 
 

 
 
 

  
  

Adding Subdiagrams

You can add subdiagrams several ways.

If you select the Add Case After command from the structure border

pop-up menu, as shown below, LabVIEW inserts an empty subdiagram

after the currently visible one. For example, an empty subdiagram at
position 3 will be created from subdiagram 2 using Add Case After. A

complementary command, Add Case Before, appears in the same
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pop-up menu. These commands also appear in the diagram identifier

pop—up menu.

  
 

 

 Show

Description...

Replace

Show Case

*‘5Rdd Case’ thergz-I-z “'5

nun Case Before

Duplicate Case

Make This Case b

Remove Case

 

  
  

 
  

 

  
  

  
  

 

If you select Duplicate Case from either the structure border pop—up

menu or the diagram identifier pop-up menu, as shown below, a copy of

the visible subdiagram is inserted after itself.

 Show

Description...

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

Show Case

Rdd Case ther

Rdd Ease Before

Duplicatepa'se'fi '
Make This Case

Remove Case
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These options are not available for a Case structure with a Boolean

selector. When you add or remove subdiagrarns, LabVIEW

automatically adjusts the numeric identifiers to accommodate the

inserted or deleted subdiagrams.

Deleting Subdiagrams

To delete the visible subdiagram, choose Remove Case from the

structure border pop—up menu, shown below. The values of higher

numbered subdiagrams adjust automatically. This command is not

available if only two cases—or one frame-exist.

 
 

 

  
  
  

 Show

Description...

Replace

Show Case

Hdd Case‘flfter

Hdd Case Before

Duplicate Case

Make This Case

Remaue Basie '
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Reordering Subdiagrams

To move a subdiagram to another location, select Make This Case from

the structure border pop—up menu, as shown below, and choose a new

value from the hierarchical menu that appears. LabVIEW automatically

adjusts the values of other subdiagrams.

 
  

 
 

  

 Show

Description...

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

Show case

Hdd case Hfter

Hdd case Before

Duplicate CBSB

vrMake This. £6897

Remove C359
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This chapter describes how to use the Formula Node to execute

mathematical formulas on the block diagram.

The Formula Node is available from the Structs & Constants palette of

the Functions menu. It is a resizable box similar to the four structures,

but instead of containing a subdiagram, the Formula Node contains one

or more formula statements delimited by a semicolon, as in the following

example.

u=3*x*2+x*log(x);

 
Formula statements use a syntax similar to most text-based programming

languages for arithmetic expressions. You can add comments by

enclosing them inside a slash-asterisk pair (/ f commen t * / ).
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The pop-up menu on the border of the Formula Node contains options to

add input and output variables, as shown in the illustration below.

 
 

  
Show

Description...................................................................

Hdd Input <

Hdd Output

u=3*x“2+x*log(x};

 
  

 
 

 
 

 

 Show

Description...................................................................

Hddlnput

. Hdd Output

 

  
u=5¥x*2+x*log(x};

 
Output variables are distinguished by a thicker border.

There is no limit to the number of variables or formulas in a Formula

Node. No two inputs and no two outputs can have the same name.

However, an output can have the same name as an input.
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You can change an input to an output by selecting Change to Output
from the pop—up menu, as shown in the following illustration.

 

 

u=3*x“2+x*log(x};

  
  

l.- ___—Ia 3’ than; B to Output

You can change an output to an input by selecting Change to Input from

the pop—up menu, as shown below.

u=3*x“2+x*lug(x};

 
All variables are floating-point numeric scalars, whose precision

depends on the configuration of your computer. All input variables that

appear in the formulas must be wired. All output variables that are wired
must be assigned in at least one statement; that is, they must be on the left

side of an equal sign. An output variable may appear in an expression on

the right side of an equal sign, but LabVIEW does not check to see

whether it has been assigned in a previous statement. When an

assignment occurs as a subexpression, the value of the subexpression is

the value assigned; for example

x = sin(y = pi/3);

assigns pi/3 to y, and then assigns sin (pi/3) to X.

If a syntax error occurs you can click on the broken Run button to get the

error listing. In the listing, the Formula Node displays a portion of the

formula with a # symbol marking the point at which the error was
detected.
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Formula Node Functions

Chapter 14

 

All function names must be lower case. Table 14-1 shows the names of

the Formula Node functions.

Function

abs(x)

acos(x)

acosh(x)

asin(x)

asinh(x)

atan(x,y)

atanh(x)

ceil(x)

cos(x)

cosh(x)

cot(x)

csc(x)

LabVIEWfor Windows User Manual

Table 14-]. Formula Node Functions

Corresponding
LabVIEW Function

Name

Absolute Value

Inverse Cosine

Inverse Hyperbolic
Cosine

Inverse Sine

Inverse Hyperbolic
Sine

Inverse Tangent

‘Inverse Hyperbolic
Tangent

Round to +Infinity

Cosine

Hyperbolic Cosine

Cotangent

Cosecant

14-4

Description

Returns the absolute value of x.

Computes the inverse cosine of
x in radians.

Computes the inverse

hyperbolic cosine of X in
radians.

Computes the inverse sine of x
in radians. '

Computes the inverse

hyperbolic sine of x in radians.

Computes the inverse tangent of

y /x in radians.

Computes the inverse

hyperbolic tangent of x in
radians.

Rounds x to the next higher

integer (smallest int 2 x).

Computes the cosine of x in
radians.

Computes the hyperbolic cosine
of x in radians.

Computes the cotangent of x in

radians (1/tan(x)).

Computes the cosecant of x in

radians (1/sin(x)).
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Function

exp(x)

exprn 1 (x)

floor(x)

getexp(x)

- getman(x)

intrz(x)

]n(x)

1npl(x)

Iog(X)

log2(x) V

maX(x,y)

min(x,y)

m0d(x,y)

rand( )

@National Instruments Corporation

Corresponding

LabVIEW Function
Name

Exponential

Exponential (Arg) ~ 1

Round to -Infinity

mantissa and

exponent

mantissa and

exponent

round toward 0

Natural Logarithm

Natural Logarithm

(Arg +1)

Logarithm Base 10

Logarithm Base 2

maximum and

minimum

maximum and

minimum

quotient and
remainder

Random Number

(0- 1)

14-5

The Formula Node

Table 14-1. Formula Node Functions (Continued)

Description

Computes the value of e raised

to the x power.

Computes the value of e raised

to the X power minus one

(ex—1).

Truncates x to the next lower

integer (largest int 5 X).

Returns the exponent.

Returns the mantissa.

Rounds x to the nearest integer
between x and zero.

Computes the natural logarithm

of x (to the base 6).

Computes the natural logarithm

of (x + 1).

Computes the logarithm of x (to

the base of 10).

Computes the logarithm of x (to

the base 2).

Compares x and y and returns

the larger value.

Compares x and y and returns
the smaller value

Computes the remainder of x/y,

when the quotient is rounded

toward -Infinity.

Produces a floating—point
number between 0 and 1

exclusively.
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Table 14—]. Formula Node Functions (Continued)

Function Corresponding Description
LabVIEW Function

Name

remainder Same as mod except quotient is

rounded to the nearest integer.

Secant Computes the secant of X

radians (l/cos(x)).

Sign Returns 1 if X is greater than 0,

returns 0 if x is equal to 0, and

returns -1 ifX is less than 0.

Sine _ Computes the sine of X radians.

Sinc Computes the sine of X divided

by x radians (sin(X)/X).

Hyperbolic Sine Computes the hyperbolic sine of
X in radians.

Square Root Computes the square root of x.

Tangent Computes the tangent of x in
radians.

Hyperbolic Tangent Computes the hyperbolic

tangent of x in radians.

xy Computes the value of X raised

to the y power.

 
I The Formula Node syntax is summarized below using Bakus-Naur Form

(BNF) notation. Square brackets enclose optional items.

<assignlst> := <outputvar> = <aexpr> ;

[ <assignlst> ]

<aexpr> = <expr> | <0utputvar> = <aexpr>

<expr> = <exp:> <binaryope:ator> <expr>

<unaryoperator> <expr>

<expr> ? <expr> : <eXpI>

] ( <expr>)
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| <inputvar>

| <outputvar>

| <const>

1 (function) ( <arglist> )

[I ll
<binaryoperator> := +l| — | * | / | , l g:
l>|<|>=|<=l&&l||

<unaryoperator>
ll +

l

<arglist> <aexpr> [ , <arglist> ]

<const> := pi. I <number>

The precedence of operators is as follows, from lowest to highest.

= assignment

? : conditional

| | logical or

&& logical and

! = == inequality, equality

< > < = > = other relational: less than, greater than, less than or

equal, greater than or equal

+ - addition, subtraction

* / multiplication, division

_+ j ! unary: positive, negative, logical not

‘ exponentiation

Exponentiation and the assignment operator are right-associative

(groups right to left). All other binary operators are left-associative. The

numeric value of TRUE is l and FALSE is 0 (for output). The logical

value of 0 is FALSE, and any non—zero number is TRUE. The logical

value of the conditional expression < lexpr > ? < tepr > :

< fexpr > is < texpr > if the logical value of < lexpr > is TRUE and

< fexpr > otherwise. See the Formula Node illustration at the beginning

of this chapter for an example of how to implement this syntax.
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Table 14-2 lists errors detected by the Formula Node.

Table 14-2. Formula Node Errors ‘

output variable required

’

missing output variable Attempt to assign to a nonexrstent

output variable.

 

Error Message

missing variable References a nonexrstent mput or

output variable

too few arguments Not enough arguments to a function.

too many arguments Too many arguments to a function.

unterminated argument Formula ended before argument list

list close parenthesrs seen

missing left parenthesis Function name not followed by

argument list.

missing n'ghl Formula ended before all matching

parenthesis close parentheses seen.

missing colon Improper use of conditional ternary

operator.

missing semicolon Formula statement not terminated by
a semicolon.

missing equals sign Formula statement is not a proper
aSSIgnment.
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 Attribute Nodes 
 

This chapter describes how to use Attribute Nodes to set and read

attributes of front panel controls programmatically. Some useful

attributes include the display colors, control visibility , menu strings for a

ring control, graph or chart scales, and graph cursors.

- Creating Attribute Nodes 

You create an Attribute Node by selecting the Create Attribute Node

option from the popup menu of a front panel control or the control's

terminal \Selecting this option creates a new node on the diagram located

near the terminal for the control, as shown in the following illustration.

Change to Indicator
Find Terminal

Show

Data Operations

Create Httribute Node ~-

  

  
 

 
  

  

 

;vv 

 Change to Indicator
Hide Control

Find Control

Show

Data Operations

Create" Httribute'Nod'et- “

'7' 
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If the control has a label associated with it, the control’s label is used for

the initial label of the Attribute Node. You can change the label after the
node has been created. '

If you click with the operating tool on an attribute terminal, you get a

menu of options which you can set for or read from the control, as shown

in the following illustration.

 

 
  
  

 
 
 

'J visible.

Disabled

Keg Focus
Format t} Precision

Tent Colors

 
 

You choose whether to read or set attributes by selecting either the

Change to Read or Change to Write option from the Attribute Node

popup menu, as shown in the illustration below. You can set an attribute
when the small direction arrow is located on the left side of the terminal.
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You can read an attribute when the terminal symbol is located on the

right side of the terminal.

Ill-II tem'
_

[E Change Hll To Read
Find

Shun;

Description...

  
  
 
  

  

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

thane To Reach .;
Select Item

 
t .

Fldd Element

Visibiei itemize? iiiemersi

You can read or set more than one attribute with the same node by

enlarging the Attribute Node. As it is enlarged, new terminals are added.

  

\.................:  
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You associate a terminal with a given attribute by clicking with the

operating tool on the terminal and selecting an attribute from the

Attribute Node pop~up menu.

tem -
—

Visible b

Disabled _ _

J Disabled .
- -

  

  

  
  
 
 

 

 
  

 
You can create more than one Attribute Node by cloning an existing

node, or by selecting the Create Attribute Node option again. Each

node can have both read and write attribute terminals. You cannot copy

and paste an attribute node with the Edit menu commands, however.

—

Precision

  

  
  

  
  
 

_-_
  

LabVIEWfor Windows User Manual 15-4 ©National Instruments Corporation

DEFS 00031903

Page 316 of460



Page 317 of 460

Chapter 15 Attribute Nodes

Using Attribute Nodes 

You can create Attribute Nodes for any control on a front panel. If the

control is an may or cluster, then only attributes relating to the overall

array or cluster are available. You can create Attribute Nodes for any of

the controls in a cluster and for the control in an array by selecting

Create Attribute Node from the subcontrol popup menu. The attributes
for a cluster and for a numeric control inside the cluster are shown in the

following illustration.

 

  
  

  
  

 J Uisible

Disabled

Ke Focus
'.'ble .

J Uisible

Disabled

Keg Focus
Format 8* Precision

Tth Colors

   

 

 
 

‘77

Some controls, such as the graph, have a large number of attributes you

can read or set. Some of these attributes are grouped into categories,

listed in submenus, such as the Format & Precision category for a

numeric. You can choose to set all of the attributes at once by selecting

the All Elements option of the submenu. You can also set one or more

of the elements individually by selecting the specific attribute(s). The
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Format & Precision option on a numeric control is shown in the

following illustration as an example.

In Jllisible
Disabled

Ke Focus

Format 8' Precision ,

  

  
  
 

 
  Hll Elements.............................................................

Format

Precision

 
  

After you create an Attribute Node, the Find Control and Find

Terminal options of the terminal and control popup menus change to

submenus that help you find Attribute Nodes as well. In the same way,

the Attribute Node has options to find the control and the terminal it is

associated with. If you select Find Attribute Nodes, all Attribute Nodes

on the diagram will be highlighted. If Attribute .Nodes are present in

different frames of a structure, then one of the nodes will be displayed

and highlighted, while a highlighted outline for the hidden Attribute

Node indicates its location. This is shown in the following illustration, in

which two of three Attribute Nodes are in different frames of a sequence

structure. The sequence changes to display two of the nodes, while the

other node's location is shown by the highlighted outline.

 
DDDDDDDDUUD
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Attribute Help

If you do not know the meaning of a given attribute, you can use the help

window to find out about the attribute meaning, its datatype, and

acceptable values. If the attribute is a more complicated type, such as a

cluster, then the help window displays a hierarchical description of the

data structure. The following illustrations show an Attribute Node and

the corresponding help information that is displayed as you move the
cursor over different attribute names.

temp
ls control visible or invisible?  

  

Visible

Format & Precision
 

temp

- Format 8; Precision

- Format (0-5) -- Decimal Scientific Engineering, Binarg , Octal Hex
- Precision -- digits after decimal point

 
Examples '

Included in your distribution software are example programs which
illustrate how to set the scales of a graph programmatically, how to read

and set the position of a Cursor, and how to set the color table of an

intensity graph. See the Exampl es directory to explore these uses of the
Attribute Node.

Setting the Strings of a Ring Control

The ring control is a pop—up menu control that holds the numeric value

of the currently selected item. You can use it to present the user with a

list of options. If the options cannot be determined until run-time, you

can use the Attribute Node to set the options. I
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In the following example, the user is presented with a panel that has a

ring control which will display a list of tests. The user will select a test

and then press the Execute Test button to continue.

select a test

[Hecute Test 

The block diagram shown below reads a list of valid tests from a file and

passes the list, represented as an array of strings, to an Attribute Node for

the ring control. The diagram then loops, waiting for the user to click on

the Execute Test button. This gives the user a chance to select a test from

the ring control, or to fill in information for other controls. When the user

selects a test, the string corresponding to the ring control's numeric value

is read and then passed to a VI which executes the test.

select a test

Execute Test

:::Z m-.....DBZV' :
 
Selectively Presenting the User with Options

As a user makes selections, you may want to present him with other
options.
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One way to do this is to use pop—up subVIs. You can create subVIs which

have the options that you want to present the user. By using the Show

Front Panel when Called and Close Afterwards if Originally Closed

options of a the VI Setup option when you create your subVI, you can
have one of these subVIs open when called.

Another method for presenting options is to use the vi 8 ible option of

Attribute Nodes to selectively show and hide controls.

The third method for presenting options is to use the Di sabl ed option

of Attribute Nodes to selectively disable controls. When a control is

disabled, the user cannot change the value;

Reading CursOrs Programmatically

You can use attributes to access information from one plot on a multi-

plot graph, or one thumb on a multi-thumb slide, but you must specify

which item is being operated on. The multiple cursors on a graph provide

a good example of an attribute that must be activated before it can be

accessed from the diagram.

The follOwing block diagram shows a VI that displays data in a graph and

programmatically reads the position of graph cursors. Working through
a While loop, the VI first activates the Min Value cursor, and reads its

numerical value. Next, the VI activates and reads the Max Value cursor.

Then the VI calculates and displays information about the cursor

selection on the front panel. When you press the Confirm button, the VI

exits the loop and confirms the cursor positions.

Bra-h Attributes

53; =‘ Active Cursor

Cursor Location i

Cursor Location i

m .........‘i>.......
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Available Attributes 

' ' Base Attributes

.1 1"I

Attributes forthe various controls are summarized in the following
sections.

A base set of attributes is available for all controls. These attributes

include the visibility of a control, whether it is disabled, and key focus.

Remember that you can read these attributes as well as set them. For

example, you can make a control invisible, and you can check to see if it

is currently invisible.

I Visible Visible when True; hidden when False.

Disabled 0 Control is enabled.

1 Control is disabled.

2 Control is grayed out.

Key Focus When True, the control is the currently selected key

focus. This means the cursor is active in this field. Key

focus is generally changed by tabbing through fields.

Attributes for Digital Numeric Controls and Color Numeric
Controls

In addition to the base attributes, digital numeric controls and color

. numeric controls have the following attributes:

' Format & Cluster of the format and precision attributes.
Precision

Format The format for a numeric can be one of

the following five values.

- O - Decimal

- 1 — Scientific

0 2 - Engineering

- 3 - Binary

- 4 — Octal

- 5 - Hexadecimal
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Precision Precision is the number of digits

displayed after the decimal point.

Text colors Color numeric value describing the color for the text.

[E Text Color

@ Background Color V -

Attributes for Rotary, Slide and Fill Controls

In addition to the base attributes, rotary, slide and fill controls have the

following attributes:

El Active Slider Which slide/needle is active.

Slider Colors Active slider/needle color.

IE] Foreground color for active slider/needle.

Background color for active slider/needle.

Scale Information

U3! Scale Style (0—8) sets scale style as illustrated in
control popup menu from top left to

bottom right. ‘

Format & Cluster of the format and precision
Precision _ ' attributes.

Format The format for a numeric can be one of

the following five values.

- 0 - Decimal

' l — Scientific

' - 2 - Engineering

' 3 - Binary

- 4 - Octal

- 5 - Hexadecimal

U3 Precision Precision is the number of digits

displayed after the decimal point.
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Range Minimum value, maximum value, and increment.

Minimum

Maximum _

. Increment

Mapping Mode Linear or logarithmic.

Editable Determines whether the scale can be edited.

Fill Style sets fill style

' 0 = no fill

. - l=filltomin

- 2=filltomax

' 3 = fill to value below

0 4 = fill to value above

Fill Color . Fill color for active slider.

Attributes for Rings

In addition to the base attributes, Rings have the same attributes as digital

numeric controls. You can set or read the strings of the ring as an array

of strings.

Format & Cluster of the format and precision attributes.
Precision

' Format The format for a numeric can be one of

the following five values.

0 0 - Decimal

- 1 - Scientific

- 2 - Engineering

- 3 - Binary

- 4 - Octal

- 5 — Hexadecimal

Precision Precision is the number of digits

displayed after the decimal point.
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Text colors Color numeric value describing the color for the text.

[El Text Color Color numeric value describing the
color of the foreground on which the
text is drawn.

El Background Color numeric value describing the
color color of the background on which the

text is drawn.

L733 ’ Items for Ring and Menu

String

Attributes for the Color Ramp

The color ramp has the same attributes as digital numeric controls. It has
the same attributes for the scales as the slide controls. It also has

attributes for whether the array, ramp, and digital display are visible. You

can read or set the color array, the out of bounds colors (low and high),

and you can select whether the control should interpolate between the

specified values. The color array is an array of clusters, where each

cluster contains a limit value and the corresponding color. '

‘ Text colors Color numeric value describing the color for the text.

IE Foreground Color numeric value describing the
Color color of the foreground for the text.

[El Background Color numeric value describing the
Color . color of the background for the text.

Array Visible Is color array visible?

Ramp Visible Is ramp visible?

DigDisp Visible Is digital display visible?

Scale Info Color scale information.

Interpolate lnterpolate between array colors?

Color \

[El Low Color For values less than the first array.

[El High Color For values greater than last array.
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[E Color Array Color Array elements.

Value/Color

Pair

Value

[TE] Color

Style Scale Style

Format & Cluster of the format and precision
Precision attributes.

Range Minimum value, maximum value, and
increment.

Mapping Linear or logarithmic.
Mode

Editable Determines whether the scale can be

edited.

Attributes for Booleans

In addition to the base attributes, you can set the Boolean text strings that

are displayed inside of the Boolean, and the colors of each of the states.

The strings are an array of four elements, with the first element for the

false string and the second element for the true string. The other two

strings only apply to Booleans that have a mechanical action, such as
Switch when Released or Latch when Released. These behaviors are

, typically used in dialog boxes, where a button does not change state

- unless you release the mouse with the cursor inside the button; as you.

press the button, it highlights in temporary transition states, false to true

and from true to false (the third and fourth states). As with the strings, the

colors are an array of four elements.

If you pass an array of only two strings to the text strings attribute node,

the first string is copied to the third string and the second string to the

fourth string. If you pass an array of one string to the node, that string is

copied to all four strings.

For example, assume you have a Boolean set to a mechanical action of

Switch when released, and you set pass a string array of run, stop,

5 top?, and run?. In the FALSE state, the Boolean has a string of run.

If you press the button, the button highlights and the string changes to
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1 un?. If you release the mouse with the cursor in the button, the button

changes to TRUE, and displays the word 3 top; if you release outside of

the button, then the button returns to FALSE and displays the word run.

Pressing on the button while it is TRUE will display the string stop?.

IE] Strings[4] Strings for False, True, True Tracking, and False
Tracking states. ~

Boolean Text

IE] Colors [4] Foreground and background colors for False, True,

- True Tracking, and False Tracking states.

Colors

[E] Foreground Color

IE] Background Color

Attributes for Strings

In addition to the base attributes, you can set the scroll position for a

string (the line number displayed at the top of the string control, with 0

representing the first line) and the selection range (measured in

characters, with 0 representing the first character of the string). You can

also enable/disable backslash codes, and enable/disable the scrollbar.

[E] Scroll Position Scroll to line N from top of screen.

Selection. Text selection.

IE] Selection Start Beginning character position.

Selection End Ending character position.

\Codes Are backslash codes enabled?

Scrollbar Is vertical scrollbar enabled?

Attributes for Tables

‘ In addition to the base attributes, Tables have attributes for the control of '
scroll bar visibility, row and column header visibility, selection color,

edit position, index values, setting the data selection range, changing row
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and column headers, reading from and writing to specific cells, and

setting cell foreground and background color.

Index Visible

chroll Vis

hScroll Vis

Row Headers

Vis

Col Headers

Vis

Selection Color

Edit position

E

El

_Index Values

‘ E

U3!

Selection Start

[El

, E

Selection Size

El

El

Row Headers

Column Headers

LabVIEWfor Windows User Manual

Show or hide the index digital displays.

Show or hide the vertical scrollbar.

Show or hide the horizontal scrollbar.

Show or hide the row headers.

Show or hide the column headers.

Set the color used to draw the current data selection.

Set the row/column of the current text entry location.

Row

Column

set the index value of the top left visible cell.

Row

Column

Set start of data selection range.

Row Row number.

Column Column number.

Number of elements in data selection.

Row Size 0 specificies an insertion point.

Column Size 0 specificies an insertion point.

Array of strings

Header string.

Array of strings

Header string.
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Cell Selection Cell from/to which to read/write cell specific
attributes.

IE Row Row number.

[iii Column Column number.

E Cell FG Color Foreground color for cells.

[El-I Cell BG Color Background color for cells.

Attributes for Paths

In addition to the base attributes, you can set the selection range just as

you can with a string control or indicator.

Selection Text selection.

El Selection Start Beginning character position.

El Selection End ‘ Ending character position.

Attributes for Arrays

In addition to the base attributes, arrays have attributes for the visibility ,

of the index display, the current values of the index, and the selection

_ range for the array (used in copy and paste).

Index Visible

Eli Index Values

[El Index

LEI Selection Start []

Index

LEI Selection Size [] Number of elements in array selection.

Size Size 0 specificies an insertion point.

Attributes for Clusters

The cluster has only the base attributes.
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Attributes for the Waveform Chart

In addition to the base attributes, the waveform chart has attributes for

reading and setting the visibility of the legend, palette, scroll bar and

numeric displays. It also has attributes for the colors of the chart paper

(background) and grid, the X and Y scale information, the update modes

of strip, sweep, and scope, and the chart history data.

You can also set attributes for each of the plots. Attributes for plots are

applied to the active plot. You select the active plot by setting the active

plot attn'bute to the number of a plot, with 0 representing the first plot.

After you select a plot, you can read or set attributes for that plot,

including the plol's color, interpolation, point style and line style.

Legend Visible Is the chart legend visible?

Palette Visible Is the chart palette visible?

Scroll Bar Is the chart scrollbar visible?

Visible

Display(s) Is the chart digital display visible?

'Visible

Transpose Array Transpose data before plotting?

Paper Colors Colors for plotting surface.

FG Color Foreground color for plotting surface.

, BG Color Background color for plotting surface.

Gn'd Colors Grid colors.

IE! x Color Color for X grid.

Y Color Color for Y grid.

x Scale Info

Scale Fit Fit )4 scale to data (0—2) never, once,

always.

Style X scale style.
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. Format & Cluster of the format and precision
Precision atu'ibutes for the X scale.

Range X scale range values.

Minimum X scale minimum range value.

Maximum X scale maximum range value.

Increment Increment between X markers.

Mapping Mode Linear or logarithmic.

Editable Determines whether the scale can be

‘ edited.

Y Scale Info

Scale Fit _ Fit Y scale to data (0,1,2) never, once,

always.

.Style , Y scale style.

Format & Cluster of the format and precision
Precision attributes for the Y scale.

Range Y scale range values.

Minimum Y scale minimum range value.

E Maximum Y scale maximum range value.

Increment Increment between Y markers.

I Mapping Mode Linear or logarithmic.

Editable Determines whether the scale can be

edited.

U5! Active Plot Which plot is active.

Plot Name Name of active plot.
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Plot Attributes Attributes of active plot.

[E Plot Color Color of active plot.

Plot Interpolation for active plot.

Interpolation

Point Style Point style for active plot.

Line St le Line style for active plot (0—4) as. y

shown in the pop-up menu from top to
bottom.

E Update Mode Chart update mode (0—2) Strip, Scope, Sweep.

E History Data History data for chart Can be used to clear the chart
' programmatically at the start of a VI.

IE Value.

Attributes for the Waveform Graph

Nearly identical to the waveform chart, the waveform graph adds

Smooth Update, and the cursor attributes.

Smooth Update Produce smooth (double buffered) updates?

Ea Active Cursor Which cursor is active.

Cursor Attributes for active cursor.

Attributes

‘ Cursor Name Name of active cursor.

IE Cursor Color Color of active cursor.

Cursor Cross Grid style for active cursor (0-8) as

Hair Style shown in the cursor pop—up menu from

top left to bottom right.

Cursor Point Point style for active cursor (0-16) as

Style shown in the cursor pop-up menu from

top left to bottom right.

Cursor Locked Is the active cursor locked to a plot?
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[E] Cursor Plot Plot with which the active cursor is
associated.

El Cursor Index Index of point to which the active
cursor is locked.

Cursor Position of active cursor.

Position

Cursor X Horizontal position of active cursor.

Cursor Y Vertical position of active cursor.

[E Cursor List List of cursors.

Attributes for the XY Graph

The XY graph attributes are identical to the waveform graph attributes.

Attributes for the Intensity Chart

In addition to the base attributes, the intensity Chan attributes are a

superset of the standard chart and the color ramp.

Ramp Visible Is the ramp visible?

Array Visible Is the color array visible?

2 Scale Info Color (2) scale information.

' Interpolate Interpolate between array colors?
Color

E Low Color ‘ Color for values less than the last array
element.

El High Color Color for values greater than the last

array element.

Scale Fit Fit 2 scale to data (0-2) never,

once,always.
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IE!

Ignore Array

[E] Color Table

Update Mode

El History Data

L napter 1 3

Color Array

Value/Color pair

" Value

E - Color

Style Z scale style.

Format & Cluster of the format and precision
Precision attributes for the Z Scale.

Range Z scale range values.

Mapping ModeLinear or logarithmic.

Editable Determines whether the scale can be

edited.

Use colorrnap instead of array elements.

Colormap 256 colors.

Color

Update mode for chart (0-2) Strip, Scope, Sweep.

Data history for chart. Can be used to clear the chart

programmatically at the start of a VI.

Value.

Attributes for the Intensity Graph

Intensity graph attributes are identical to the intensity chart, except that

there is no choice whether to update as a sweep, scope, or strip chart.

Attributes for Refnums

Refnums have the base attributes only.
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Variables  
nnuuunnnfluu

This chapter describes how to define and use global and local variables.

You can use global variables to easily access a given set of values

throughout your LabVIEW application. Local variables serve a similar

purpose within a single VI. The difference between local and global

variables is where the data is stored. In a global variable, data is stored in

the front panel items for that global variable. In a local variable, data is

stored in items on the front panel of the VI in which that local variable

has been placed.

Global and local variables are advanced topics in LabVIEW. Be sure to

study this chapter carefully before using these variables.

Global Variables 

A global variable is abuilt-in LabVIEW object. You define a global
variable by creating a special kind of V1, with front panel controls that

define the data type of the global variable.I

There are two ways to create multiple global variables. You can create

several Vls, each with one item, or you can create one multiple global V]

by defining multiple data types on the one global variable front panel.

The multiple global VI approach is more efficient, and allows you to

group related variables together.

To create a global variable, select the Global Variable option from the

810be menu Structs & Constants menu.
icon,

A node for the global appears on the diagram.

Ill Double-click on the node to open a panel window. You use this panel to
global node define the data type for one or more global variables. You should give

each control a name, because you must refer to a specific global by name.

After you have defined the data types for the global variables, save the
VI.
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The following illustration is an example panel describing three globals:

a number, a string, and a cluster containing two values.

 
After you place a global on a diagram and define a panel for it, the node

is associated with that panel. Because a global variable can define

multiple globals, you must select which global you want to access from

a given node. You select a global by popping up on the node and

selecting the item from the Select Item menu, or by clicking on the node

with the operating tool and selecting the item you want.

  
 

Select Item . F

Show

Description...

Replace

 
 

  

   
  
  

Relink To SubUl

Upen Front Panel

You can either write to a global or read from the global. You select which

by using either the Change to Read Global or the Change to Write

Global options of the global variable popup menu.
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After you define a global variable, you can place it in other VIs using the

VI... option of the Functions menu. Ifyou select a global variable from .

the file dialog box, LabVIEW will place the global variable node on the

diagram. You can also clone ‘a global, or copy and paste a global.

Local Variables

A local variable is similar to a global variable, except the data storage is

one of the controls or indicators on the front panel of your VI instead of

on a global variable front panel. Writing to a local variable has the same
result as passing data to a terminal, except that you can write to it even

though it is a control, or read from it even though it is an indicator. Also,

you can have any number of local variables references to a given front

panel control, with some in write mode, and others in read mode.

In effect, with a local variable reference you can use a front panel control

as both an input and an output.
LOCFIL

local variable To create a local, select the Local Variable option from the Structs &
menu icon Constants menu.

If there are no controls on the front panel of your VI, 3 node that looks
similar to a global variable appears. If you have already placed controls

local variable on the front panel, the local variable node will appear with the name of

nodes one of your controls showing.

You can pop up on the node, or click on it with the operating tool to select

the control you want to read or set from a list of the top—level front panel

. controls, as shown in the following illustration. You can also determine

whether you want to read or write to the control by selecting either the

Change to Read Local or the Change to Write Local options.

ear--

F
Chen; e To Head local

  
  
  

 

 
'Select Item

Show

Description...

 

 
 

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

flame? to $338!

Open Front Panel
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The following is an illustration showing how you can have multiple local
variables accessing the same control, with each having a different sense,

either read or write. You use the age variable twice in the diagram, once
to write to, and another time to read from. '

new 3'?

ea

Be careful to sequence the access to local variables or global variables so '

that you get the results you want, as in the example above.'There is no

guarantee that the ”WI i te" to age will occur before the ”Read”

f1: om age if you do not create the proper sequencing yourself.

The local variable does not track name changes on the front panel. If you

change the name of a control or indicator on the front panel, you must

change the local variable manually to reflect the new front panel object
name.
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 File VIs 
 

This chapter describes the utility VIs that perform high— and

intermediate-level file [/0 operations. The following illustration shows

the File palette, which you access from the UTILITY submenu of the
Functions menu.

let

S ubc [11613 (SGL. “v

[EM [gm [fin] [gm [En
abc [1331. [sung

[150 [En [an [En
 

You can use the file VIs to write or read 1D or 2D arrays of SGL numbers

to spreadsheet files, or to write or read 1D or 2D arrays of signed word

integers (116), single-precision numbers, or strings to binary byte stream

files. You can use these VIs with high— and intermediate-level data

acquisition Vls.

The high-level file Vls described here call the intermediate-level VIs to

perform complete, easy~to-use file operations. These Vls open or create

a file, write or read to it, and close it. If an error occurs, these Vls display

a dialog box that describes the problem and gives you the option to halt
execution or to continue.
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The intermediate-level file Vls call the file functions described in

Chapter 8, File [/0 Functions, of the LabVIEW Function Reference

Manual. These VIs perform error detection in addition to their other
functions.

These VIs use three terminal label styles in the VI help window to

distinguish the importance of each input and output. Labels in bold font

are all you need to use in many applications. You use labels in plain text

less often, and labels enclosed in [ ] brackets least of all.

File VI Descriptions 

IE!
T

Write Characters To File

Writes a character string to a new byte stream file or appends the string

to an existing file. The V1 opens or creates the file beforehand and closes
it afterwards.

file path (dialog if empty) new file path (Not A Path if cancelled)
character string

append to file? (new file :F) ------------ . 
file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

character string is the data the VI writes to the file.

append to file. Set to TRUE if you want to append the data to a existing

file; you can also set it TRUE to write to a new file. Set to FALSE

(default value) if you want to write the data to a new file or to replace an

existing file.

new file path is the path of the file to which the VI wrote data. You can

 

-5 use this output to determine the path of a file that you open using dialog.
new file path returns Not A Path if the user selects Cancel from the
dialog box.
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Read Characters From File

Reads a specified number of characters from a byte stream file beginning
at a specified character offset. The VI opens the file beforehand and
closes it afterwards.

file path (dialog if empty) “EV file path (NotAPath if cancelled)

number of characters (512) i: character stringstart of read offset (char. 0) mark after read (chars)
........... [OF 

file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

I

number of character is the maximum number of characters the VI

reads. The V1 reads fewer characters if it reaches the EOF first. The

default value is 512 characters.

start of read offset is the position in thefile, measured in characters (or

bytes), at which the VI begins reading.

new file path is the path of the file from which the VI read data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the dialog
box.

”a
characters string is the data read from the file.

mark after read is the location of the file mark after the read; it points.

to the character in the file following the last character read.

EOF? is TRUE if you attempt to read past the end of file.
a”

T
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Read Lines From File

Reads a specified number of lines from a byte stream file beginning at a
specified character offset. The V1 opens the file beforehand and closes it
afterwards.

file path (dialog if empty) new file path (NotAPath if cancelled)
number of lines (I) 'line string

mark after read (chars .)start of read offset (char. 0 ) \
[max charsfline] (no limit :0) " ---- EOF 

file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

number of lines is the maximum number of lines the V1 reads. The

default value is one line. For this VI, a line is a character string ending

with a carriage return, line feed, or a carriage return followed by a line

feed; a string ending at the EOF; or a string that has the maximum line

length specified by the max characters per line input.

EI

start of read offset is the position in the file, measured in characters (or

bytes), at. which the VI begins reading.

max characters per line is the maximum number of characters the VI

reads before ending the search for the end of a line. The default is 0,

which means that there is no limit to the number of characters the V1
reads.

M

new file path is the path of the file from which the VI read data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the

dialog box.

I

line string is the data read from the file.

mark after read is the location of the file mark after the read; it points

to the character in the file following the last character read.

EOF? is TRUE if you attempt to read past the end of the file.
1“

TF
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Write To Spreadsheet File

Converts a 2D or 1D array of single-precision numbers to a text string

and writes the string to a new byte stream file or appends the string to an

existing file. You can optionally transpose the data. This VI opens or
creates the file beforehand and closes it afterwards. You can use this VI

to create a text file readable by most spreadsheet applications.

format (95.30

file path (dialog if empty) . new file path
(Not APath if

1D data cancelled)
append (nozF) ;

transpose (no 1:) ............... .=
 

file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

2D data contains the single-precision numbers the VI writes to the file if

1D data is not wired or is empty.

EI
1D data contains the single-precision numbers the VI writes to thelfile if
this input is not empty. The V1 converts the 1D array into a 2D array

before transposing it and converting it to a string and writing it to the file.

If transpose? is FALSE, each call to this VI creates a new line or row in
the file.

f—Iset]

append to file? Set to TRUE if you want to append the data to a existing
file; you can also set it TRUE to write to a new file. Set to FALSE

(default value) if you want to write the data to a new file or to replace an

existing file.

TF

transpose? Set TRUE to transpose the data before converting it to a

TI: string. The default value is FALSE.

format specifies how to convert the numbers to characters. If the format

string is %.3f (default), the V1 creates a string long enough to contain the

number, with three digits to the right of the decimal point. If the format

is %d, the VI converts the data to integer form using as many characters

as necessary to contain the entire number. Refer to the discussion of

format strings and the Array To Spreadsheet String function in Chapter

6, String Functions, of the LabVIEW Function Reference Manual.
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new file path is the path of the file to which the VI wrote data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the

dialog box.

Read From Spreadsheet File

Reads a specified number of lines or rows from a numeric text file

beginning at a specified character offset and converts the data to a 2D

single-precision array of numbers. You can optionally transpose the

array. The VI opens the file beforehand and closes it afterwards. You can

use this VI to read spreadsheet file saved in text format.

format (93.30 new file path
(NotAPath if cancelled)

file path (dialog if empty) _ _
number of rows (1) first row

start of read offset (char. 0 J ‘ mark after read (chars)
[max charS-frow] (no limit :0) EOF

transpose (no :F) ............ :
 
file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI di5plays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog. ‘

number of rows is the maximum number of rows or lines the VI reads.

The default value is one row. For this VI, a row is a character string

ending with a carriage return, line feed, or a carriage return followed by

a line feed; a string ending at the EOF; or a string that has the maximum

line length specified by the max characters per row input. '

EI

start of read offset is the position in the file, measured in characters (or

bytes), at which the VI begins reading.

max characters per row is the maximum number of characters the V]

reads before ending the search for the end of a row or line. The default is

0, which means that there is no limit to the number of characters the V]
reads.

EH

transpose? Set TRUE'to transpose the data after converting it from a-TF . .
stnng. The default value is FALSE.
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format specifies how to convert the characters to numbers; the default is

%.3f. Refer to the discussion of format strings and the Spreadsheet String
To Array function in Chapter 6, String Functions, of the LabVIEW

Function Reference Manual.

i

new file path is the path of the file from which the VI read data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the dialog
box.

I

all rows is the data read from the file in the form of a 2D array of single-

precision numbers.

first row is the first row of the all rows array in the form of a 1D array

of single-precision numbers. You can use this output when you want to

read one row into a 1D array.

mark after read is the location of the file mark after the read; it points

to the character in the file following the last character read.

EOF? is TRUE if you attempt to read past the end of the file..4 'l'l

IgF
c:5

Write To 116 File

Writes a 2D or 1D array of signed word integers (116) to a new byte

stream file or appends the data to an existing file. The VI opens or creates
the file beforehand and closes it afterwards. You can use this VI to write

unsealed or binary data from data acquisition VIs.

. ”19 path (dialog if empty) new file path (Not A Path if cancelled)2|) array
1 D array

append to file? (new rilezr) --~--«""'" 
file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

2D data contains the signed word integers the V1 writes to the file if ID

[116] data is not wired or empty.

©National Instruments Corporation 1 7-7 LabVlEWfor Windows User Manual

DEFS 00031932

Page 345 of 460



Page 346 of 460

rue VIS Chapter 1 /

1D data contains the signed word integers the VI writes to the file if this

input is not empty.

append to file? Set to TRUE if you want to append the data to a existing

file; you can also set it TRUE to write to a new file. Set to FALSE

(default value)-if you want to write the data to a new file or to replace an

existing file. '

IE
T

new file path is the path of the file to which the VI wrote data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the

dialog box.

I

Read From 116 File

Reads a 2D or 1D array of data from a byte stream file of signed word

integers (116). The V1 opens the file beforehand and closes it afterwards.

You can use this VI to read unscaled or binary data acquired from data

acquisition VIs and written to .a file with Write T0116 File.

file path (dialog if empty) “‘23 new file path (Not A Path if cancelled)20 number of rows . 20 array
2|) number of columns/1 D count 'fi’g. ‘0 array

start of read offset (bytes :0) Farr}; after read (butes) 
file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

2D number of rows is the number of rows to create if the data is to be

returned in the 2D array output. If the value is 0 (default), the data is

returned in 1D array.

2D number of columns/1D count is the number of columns to create if

the data is to be returned in the 2D array output, provided that 2D

number of rows is greater than 0; otherwise, this is the number of signed

word integers to read and return inlD array.

HE!
start of read offset is the position in the file, measured in bytes, at which

the V1 begins reading."E
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new file path is the path of the file from which the VI read data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the

dialog box.

' 2D arra contains the si ned word integers read from the file if 2DY g

[116] number of rows is greater than 0; otherwise, this output is empty.

1D array contains the signed word integers read from the file if 2D

[“6] number of rows equal 0; otherwise, this output is empty.

mark after read is the location of the file mark after the read; it points
to the byte in the file following the last byte read.

EOF? is TRUE if you attempt to read past the end of file.

Write To SGL File

Writes a 2D or 1D array of single-precision numbers (SGL) to a new byte

stream file or appends the data to an existing file. The V1 opens or creates
the file beforehand and closes it afterwards. You can use this VI to write

scaled data from data acquisition VIs.

file path (dialog if amply)
2D array
ID array

new.' file path (Not A Path if cancelled)

aPPmd *0 file? (new file:r) ......,=‘.'" 
file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

2D data contains the single-precision numbers the VI writes to the file if

1D data is not wired or empty.

1D data contains the single-precision numbers the VI writes to the file if

this input is not empty.a“!
append to file? Set to TRUE if you want to append the data to a existing
file; you can also set it TRUE to write to a new file. Set to FALSE

(default value) if you want to write the data to a new file or to replace an

existing file.
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new file path is the path of the file to which the VI wrote data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the

dialog box.

Read From SGL File

Reads a 2D or 1D array of data from a byte stream file of single-precision

numbers (SGL). The V1 opens the file beforehand and closes it

afterwards. You can use this VI to read scaled data acquired from data

. acquisition VIs and written to a file with Write To SGL File.

file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

2D number of rows is the number of rows to create if the data is to be

returned in the 2D array output. If the value is 0 (default), the data is

returned in 1D array.

2D number of columns/1D count is the number of columns to create if

the data is to be returned in the 2D array output, provided that 2D

number of rows is greater than 0; otherwise, this is the number of single

precision numbers to read and return inlD array.

all
start of read offset is the position in the file, measured in bytes, at which

the VI begins reading.

new file path is the path of the file from which the VI read data. You can

use this output to determine the path of a file that you open using dialog.

new file path returns Not A Path if the user selects Cancel from the

IE
dialog box.

[SGL] 2D array contains the single-precision numbers read from the file if 2D
number of rows is greater than 0; otherwise, this output is empty.

[SGL] 1D array contains the single—precision numbers read from the file if 2D
number of rows equal 0; otherwise, this output is empty.

III! mark after read is the location of the file mark after the read; it points
to the byte in the file following the last byte read.
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T F EOF? is TRUE if you attempt to read past the end of file.
 

Open/Create/Replace File

Opens an existing file, creates a new file, or replaces an existing file,

programmatically or interactively using dialog, You can optionally

specify a dialog prompt, default file name, start path, or filter pattern. Use
this V1 with the intermediate Write Fi1e+ or Read Fi1e+ VIs described

below.

[pattern]
prompt

file path
start path (Not A Path)

function (open :0)
error in (not an error)

default name

refnum

new file path

file size (bytes)
error out 

advisorg dialog 1) (displag :T) ..

file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

function is the operation to perform:

0: opens an existing file. Error 7 occurs if the file cannot be
found.

1: opens an existing file or creates a new file if one does not
exist.

2: creates a new file or replaces a file if it exists and you give

permission. Replacement is done by opening the file and

setting EOF to 0. Error 43 occurs if the user elects to

disallow the replacement using dialog.

3: creates a new file. Error 8 occurs if the file already exists.

advisory dialog? Set TRUE (default) if you want a dialog if function=0

and the file does not exist, or if function=2 or 3 and the file exists.

prompt is the message that appears below the list of files and directories

in the file dialog.
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default name is the initial file name that appears in the selection box of

the file dialog.

start path is the path name to the initially displayed directory in a file

dialog. The default value is Not A Path, which is the path to the last

~ directory shown in a file dialog.

M
pattern is the match pattern specification to display only certain types of
files or directories. See the description of the File Dialog function for
more information. '

error in is a cluster of three elements (status, code, and source) that

describe the upstream error state, that is, the existence of any error

proceeding the execution of the VI. The V1 executes normally only if no

incoming error exists; otherwise it merely passes the error in value to
error out.

status is TRUE if an error occurred; the default value is

T FALSE.

code is the error code; the default value is 0.

source is in most cases the name of the VI or function that

produced the error; the default value is an empty string.

new file path is the path of the file opened or created. You can use this

output to determine the path of a file that you open or create using dialog.

new file path returns Not A Path if the user selects Cancel from the

dialog box.

I

refnum is the reference number of the open file. The value is Not A

Refnum if the file cannot be opened.

file size is the size of the file in bytes; it is also the location of the end of
file. - i ‘REE
error out is a cluster of three elements (status, code, and source) that

describe the error state following the execution of the VI. If an incoming

error does not exist, the VI executes normally and error out describes

the VI's error state; if an incoming error exists, error out equals error in.

status is TRUE if an error occurred.

code is the error code.
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source is in most cases the name of the VI or function that

produced the error.

Open File+

Opens an existing file programmatically or interactively using dialog.

You can optionally specify a dialog prompt, default file name, start path,

or filter pattern. Error 7 occurs if the file does not exist. Use this V1 with
the intermediate level Read File+ VIs described below.

[pattern]
prompt

file path (' ') refnum
start path [Not A Path) - a file path

error in (not an error) = . file- size (bytes)
dafault name ""‘ error out

advisorg (113109? (display :1") ......................... ;
 
file path is the path name of the file. If file path is empty (default value)

or is Not A Path, the VI displays a File dialog box from which you can

select a file. Error 43 occurs if the user cancels the dialog.

advisory dialog? Set TRUE (default) if you want a dialog if the file doesT .
not exrst.

prompt is the message that appears below the list of files and directories

in the file dialog.

default name is the initial file name that appears in the selection box of

the file dialog.

start path is the path name to the initially displayed directory in a file

dialog. The default value is Not A Path, which is the path to the last

directory shown in a file dialog.

filial!
pattern is the match pattern specification to display only certain types of

files or directories. See the description of the File Dialog function for
more information.

error in is a cluster of three elements (status, code, and source) that

describe the upstream error state, that is, the existence of any error
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