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Important Information

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
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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 document 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.
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WARRANTY OF MERCHANTABILITY OR FITNESSFORA PARTICULAR PURPOSE CUSTOMER S RIGHT TO RECOVERDAMAGES CAUSED BY FAULT OR
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INSTRUMENTSWILL 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 THEREOFR 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 lsstrumen
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.

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

photocopying, recording, storing in an information retrieval system, or translating, in whole or in part, without the peior writ
consent of National Instruments Corporation.

Trademarks
CVI™, National Instrument¥, the National Instruments logo, and ni.cbmre trademarks of National Instruments Corporation.
Product and company names mentioned herein are trademarks or trade names of their respective companies.

WARNING REGARDING USE OF NATIONAL INSTRUMENTS PRODUCTS

(1) NATIONAL INSTRUMENTS PRODUCTS ARE NOT DESIGNED WITH COMPONENTS AND TESTING FOR A LEVEL
OF RELIABILITY SUITABLE FOR USE IN OR IN CONNECTION WITH SURGICAL IMPLANTS OR AS CRITICAL
COMPONENTS IN ANY LIFE SUPPORT SYSTEMS WHOSE FAILURE TO PERFORM CAN REASONABLY BE
EXPECTED TO CAUSE SIGNIFICANT INJURY TO A HUMAN.

(2) IN ANY APPLICATION, INCLUDING THE ABOVE, RELIABILITY OF OPERATION OF THE SOFTWARE PRODUCTS
CAN BE IMPAIRED BY ADVERSE FACTORS, INCLUDING BUT NOT LIMITED TO FLUCTUATIONS IN ELECTRICAL
POWER SUPPLY, COMPUTER HARDWARE MALFUNCTIONS, COMPUTER OPERATING SYSTEM SOFTWARE
FITNESS, FITNESS OF COMPILERS AND DEVELOPMENT SOFTWARE USED TO DEVELOP AN APPLICATION,
INSTALLATION ERRORS, SOFTWARE AND HARDWARE COMPATIBILITY PROBLEMS, MALFUNCTIONS OR
FAILURES OF ELECTRONIC MONITORING OR CONTROL DEVICES, TRANSIENT FAILURES OF ELECTRONIC
SYSTEMS (HARDWARE AND/OR SOFTWARE), UNANTICIPATED USES OR MISUSES, OR ERRORS ON THE PART OF
THE USER OR APPLICATIONS DESIGNER (ADVERSE FACTORS SUCH AS THESE ARE HEREAFTER
COLLECTIVELY TERMED “SYSTEM FAILURES”). ANY APPLICATION WHERE A SYSTEM FAILURE WOULD
CREATE A RISK OF HARM TO PROPERTY OR PERSONS (INCLUDING THE RISK OF BODILY INJURY AND DEATH)
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FAILURE. TO AVOID DAMAGE, INJURY, OR DEATH, THE USER OR APPLICATION DESIGNER MUST TAKE
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BACK-UP OR SHUT DOWN MECHANISMS. BECAUSE EACH END-USER SYSTEM IS CUSTOMIZED AND DIFFERS
FROM NATIONAL INSTRUMENTS' TESTING PLATFORMS AND BECAUSE A USER OR APPLICATION DESIGNER
MAY USE NATIONAL INSTRUMENTS PRODUCTS IN COMBINATION WITH OTHER PRODUCTS IN A MANNER NOT
EVALUATED OR CONTEMPLATED BY NATIONAL INSTRUMENTS, THE USER OR APPLICATION DESIGNER IS
ULTIMATELY RESPONSIBLE FOR VERIFYING AND VALIDATING THE SUITABILITY OF NATIONAL

INSTRUMENTS PRODUCTS WHENEVER NATIONAL INSTRUMENTS PRODUCTS ARE INCORPORATED IN A
SYSTEM OR APPLICATION, INCLUDING, WITHOUT LIMITATION, THE APPROPRIATE DESIGN, PROCESS AND
SAFETY LEVEL OF SUCH SYSTEM OR APPLICATION.
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About This Manual

TheLabWindows/CVI Instrument Driver Developer Gudisscribes
developing and adding instrument drivers to the LabWindows/CVI
Instrument Library. This guide is for users who develop instrument drivers
to control programmable instruments such as GPIB, VXI, and RS-232
instruments. Follow the procedures in this guide when developing
instrument drivers for personal use or for general distribution to other users.
The software tools you use to create instrument drivers are included in the
standard LabWindows/CVI package.

The LabWindows/CVI Instrument Driver Developer Guisléor users
familiar with LabWindows/CVI fundamentals. This manual assumes that
you are familiar with the material presented in @witing Started with
LabWindows/CVmanual, the.abWindows/CVI User Manugand the
LabWindows/CVI Online He)@and that you are comfortable with the
LabWindows/CVI software. Please refer to trebWindows/CVI User
Manualfor specific instructions on operating LabWindows/CVI.

Conventions Used in This Manual

»

bold

italic

The following conventions are used in this manual:

The» symbol leads you through nested menu items and dialog box options
to a final action. The sequenE#e»Page Setup»Optionslirects you to

pull down theFile menu, select thBage Setuptem, and seleddptions

from the last dialog box.

This icon denotes a note, which alerts you to important information.

This icon denotes a caution, which advises you of precautions to take to
avoid injury, data loss, or a system crash.

Bold text denotes items that you must select or click on in the software,
such as menu items and dialog box options. Bold text also denotes
parameter names.

Italic text denotes variables, emphasis, a cross reference, or an introduction
to a key concept. This font also denotes text that is a placeholder for a word
or value that you must supply.
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monospace Text in this font denotes text or characters that you should enter from the
keyboard, sections of code, programming examples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device names, functions, operations,
variables, filenames and extensions, and code excerpts.

monospace bold Bold text in this font denotes the messages and responses that the computer
automatically prints to the screen. This font also emphasizes lines of code
that are different from the other examples.

monospace italic Italic text in this font denotes that you must enter the appropriate words or
values in the place of these items.

LabWindows/CVI Instrument Driver Guide XVili www.ni.com



Instrument Driver Overview

This chapter introduces the concept of instrument drivers, explains how they have evolved,
and describes their general structure.

What Is an Instrument Driver?

In the early days of computer-controlled instrumentation systems, programmers used

BASIC 1/O statements in their application programs to send and receive command and data
strings to and from the various instruments connected to their computer via GPIB. Each
instrument responded to particular ASCII strings as documented in each vendor’s instrument
user manuals. Programmers were responsible for learning each command set and writing the
control program.

Programming is often the most time-consuming part of developing an automated test system,
especially if programmers have to learn the various command sets of the different instruments
they use. This effect is compounded when programmers find themselves repeating their
work when they create new applications with the same instruments. It became clear that
programmers could save much time and money if they wrote high-level routines that hid the
low-level commands and were generic and modular enough to be reused in any future
application that used the same instrument. These reusable routines became known as
instrument drivers.

Historical Evolution of Instrument Drivers

Although the concept of the instrument driver had promise, early implementations had serious
limitations. Some approaches were too closely linked to proprietary development. Others
were too difficult to develop or modify. Users wanted drivers that were open and modifiable,
built around standards that allowed instruments from a variety of vendors to peacefully
coexist in one application.

The VXIplug&play Systems Alliance was founded to address system-level software issues
beyond the scope of the VXlbus Consortium and has actively worked to improve existing
instrument driver standards. The \pXig&play instrument driver architecture leveraged
existing popular technology by building on the successful LabWindows/CVI instrument
driver standards.
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These standards use Virtual Instrumentation Software Architecture (VISA) defined data types
to define parameters of all instrument driver functions. For example, the return value is of type
ViStatus  (a 32-bit unsigned integer). These data types promote the portability of instrument
drivers to new operating systems and programming languages. All instrument /O is
performed with VISA where possible. The initialize function is generic to the type of interface
(GPIB or VXI) that you use to control the instrument. You pass all instrument addressing
information to the initialize function via a string parameter.

However, the VXplug&play model is not the last word on instrument drivers. The IVI
(Interchangeable Virtual Instrument) Foundation was established to create open standards for
instrument drivers that leverage the WKig&play model. Even though IVI stands for
Interchangeable Virtual Instrumerthe foundation addresses other system level issues such
as instrument simulation and higher performance. IVI instrument drivers from National
Instruments comply with the V)lug&play and IVI Foundation standards and have many
additional features. Three of the most important features are:

e Interchangeability—The IVI Foundation defines standard APIs for common types of
instruments such as DMM, oscilloscope, function/arbitrary waveform generator, DC
power supply, switch, and so on. National Instruments provides specific drivers and class
drivers that comply with these standards. Developers can use the class drivers to
implement hardware independent test programs. By using the class drivers, they can
configure their test system to use different instruments without editing, recompiling,
or re-linking their test programs.

¢ Instrument simulation—IVI drivers can simulate the operation of instruments when
they are not available. IVI drivers from National Instruments return simulated data to
output parameters. With simulated data, developers can develop code for instruments
even when the instruments are not available. All parameters are range checked so
developers can determine if their program is configuring the instrument with valid
settings even while simulating.

« Instrument state caching—For standard VXlug&play drivers the state of the
instrument is assumed to be unknown. Therefore, each measurement function sets up the
instrument for the measurement even if the instrument is already configured correctly.
IVI drivers from National Instruments implement an attribute model that automatically
caches the current state of the instrument. A driver function performs instrument 1/O
only when the instrument settings are different from what the function requires. This
seemingly minor difference in approach leads to significant reductions in test time and
cost.

For a comprehensive list of IVI features, refer to Chapt&ri2Architecture Overview
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About Instrument Drivers

The purpose of an instrument driver is to control an instrument. The instrument can be a single
physical instrument such as an oscilloscope or a multimeter, a class of instruments that share
common functions, or a hybrid instrument for which no single physical instrument exists.

In addition to controlling the instrument, an instrument driver formats the data it reads from
the instrument into a form convenient for application programs. For example, the driver can
convert a binary array of 2-byte wide numbers into an ASCII string or an ASCII string of
X-Y coordinates into two integer arrays suitable for plotting.

An VI instrument driver consists of the following six files.
» The instrument driver source or object code, which can.tig a, .dll , or.c file

* The instrument includeN() file, which contains function declarations, constant
definitions, and external declarations of global variables

e The instrument function panel filég ), which contains information that defines the
function tree, the function panels, and the help text

* The.sub file, which documents attributes and their possible values. The instrument
driver user views the contents of theb file in certain instrument driver function
panels. The instrument driver developer edits the contents sfithefile through the
Tools»Edit Instruments Attributes command.

* An ASCII text file (txt ). which contains driver specifications, such as models
supported, driver version, and required software

e A Helpfile (hlp ) that contains documentation for the instrument driver
The six filenames consist of the driver name, followed by the appropriate extension. For
example, if the instrument driver name for the Hewlett-Packard 34401A digital multimeter is

hp34401a, its files are nambp34401a.c (.obj or.dll ), hp3440l1a.h , hp3440la.fp ,
hp3440l1a.sub , hp3440la.txt , and hp34401a.hlp

For more information, refer tdsing Instrument Driversn Chapter 3Project Window
in theLabWindows/CVI User Manual
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How Users Operate the Instrument Driver

To the user, an instrument driver represents a set of functions that perform instrument actions.
Within LabWindows/CVI, the user selects an instrument driver fronmsteument menu.

After selecting an instrument, the user selects a function within the instrument driver. A
function panel appears that represents the instrument driver function.

A function panel displays symbolic controls that represent parameters to the function.

By manipulating the controls, the user constructs a specific function call that can then be
executed or saved into a program. Thus, the instrument driver function panel gives users the
following two capabilities.

* Interactive control of the instrument
« The ability to generate function calls that can be included in an application program
In summary, the instrument driver provides functions to perform high-level

instrument-related tasks. By including the function calls in an application program, the user
can control an instrument without knowing the programming protocol of the instrument.

Instrument Driver Architecture

To define a standard for instrument driver software design and development, one needs
conceptual models around which to write the design specifications. This manual uses
two architectural models for discussion.

The first model, called the instrument drieatternalinterface model, shows how the

instrument driver interfaces to the other software components in the system. This model gives
insight into key architectural decisions with regard to instrument drivers and adds context as
to how instrument drivers are used.

The second model, called the instrument drpgernal design model, defines how an
instrument driver software module is organized internally. This model shows the consistency
of approach to instrument driver design regardless of the type of instrument.

Instrument Driver External Interface Model

An instrument driver consists of software modules that control a specific instrument. The
software modules that make up an instrument driver must interact with other software in

the overall system, both to communicate with the instrument and to communicate with
higher-level software and/or end users who use the instrument driver. Therefore, the first step
in creating a standard for instrument drivers is to define a model to explain how the instrument
driver interacts with the rest of the system.
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Figure 1-1 shows a general model for how an IVI instrument driver interfaces with the rest of

the system.
User Program
Interactive Programmatic
Developer Interface Developer Interface
(Function Panel) (API)

VI
Engine

Instrument Driver
(Functional Body)

VISA I/O
Interface

Internal
Subroutine
Interface

Figure 1-1. Instrument Driver External Interface Model

This general model contains the instrument driuactional bodywhich is the source code

of the instrument driver. Therogrammatic developer interfate the instrument driver is the
mechanism for calling the driver from a higher-level software programintéractive
developer interfacés an interactive graphical interface that assists the software developer
in understanding what each particular instrument driver function does and how to use
the programmatic developer interface to call each functionIMlhenginemonitors attribute
states and performs state caching. VHRA 1/O interfacas the mechanism through which
the driver communicates with the instrument hardware.iffteenal subroutine interfacés

the mechanism through which the driver can call other software modules it might use to
perform its task. These other software modules can include operating system calls or calls to
other unique libraries such as formatting and analysis functions.

Non-IVI drivers have the same external interface model, but they do not use the IVI engine.
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Functional Body

The functional body of a LabWindows/CVI instrument driver is a library of C functions for
controlling a specific instrument. Because the functional body is developed with the standard
tools provided in the LabWindows/CVI environment, users easily can view instrument driver
source code and optimize it for their application. The details of the functional body are based
on the instrument driver internal design model. ChaptBr&ramming Guidelines

for Instrument Driversdescribes the guidelines for creating the instrument driver

functional body.

Programmatic Developer Interface

The programmatic developer interface is the mechanism for using the instrument driver as
part of a test program application. In the LabWindows/CVI instrument driver architecture, the
software interface to an instrument driver is the same as for any other software library module
that a user might want to develop or use. The programmatic developer interface is a standard
software function call, with no special instrument-driver-specific requirements.

Interactive Developer Interface

When you use a LabWindows/CVI instrument driver as an integral part of a higher-level
application software development environment, you can enhance the programmatic developer
interface to the instrument driver with graphical function panels. Function panels, referred to
as thenteractive developer interfacbelp you learn how to use the instrument driver.

The function panel interface allows you to operate a particular instrument driver function
interactively and to generate the instrument driver function calls into an application program.

IVI Engine

IV1 is the name of an instrument driver architecture, a component engine that makes it work,
and a library that is an API to that engine. The IVI engine performs state caching and tracks
attributes. Chapter 2y Architecture Overviewdescribes the IVI engine and its operation in
detail.

VISA /0 Interface

An important consideration for instrument drivers is how they perform instrument 1/O. In the
LabWindows/CVI instrument driver architecture, the 1/O interface is provided by a separate
layer of software that is standard and available on nhumerous platforms. The VISA

I/0 interface is the National Instruments next-generation 1/O architecture. VISA includes

a single interface library for controlling GPIB, VXI, RS-232, PXI, and other types of
instruments.
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VISA is controller independent and can communicate with instruments via GPIB, MXI,
embedded VXI, and GPIB-VXI controllers.

For interfaces that VISA does not support, you can use another 1/O library.

Subroutine Interface

Because LabWindows/CVI instrument drivers are written in standard ANSI C, the subroutine
interface is simply a function call. Therefore, an instrument driver is a software program that
can do anything any other program can do. Some specific instrument drivers might do nothing
more than perform simple message-based and register-based I/O to and from an instrument,
but others might control multiple instruments or use support libraries to integrate data analysis
or other specialized capabilities inside the driver. This type of approach can be used to build
virtual instruments that combine hardware and software capabilities. Complete high-level
tests can be developed and packaged as instrument drivers that can be used by other test
developers.

The concept of virtual instrumentation is very important, and instrument driver tools must
allow users to take advantage of it. The LabWindows/CVI instrument driver standard defined
in this document applies to instrument drivers that only control a single instrument and to
instrument drivers that combine features of multiple instruments and additional software
processing. For this reason, the LabWindows/CVI instrument driver standard has unlimited
potential as a mechanism for delivering baseline instrument drivers. It also has unlimited
potential as a standard vehicle for delivering much more sophisticated application-specific
capability targeted at highly vertical markets or particular application areas.

The subroutine interface is often used to call instrument driver support functions. These
functions can be defined within the LabWindows/CVI instrument driver source file or
supplied in an external module. End users cannot call instrument driver support functions.
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Instrument Driver Internal Design Model

The instrument driver internal design model, shown in Figure 1-2, defines the internal
organization of the functional body of the driver.

User Program

Interactive Programmatic
Developer Interface Developer Interface
(Function Panel) (API)

Functional Body

Application Functions
Initialize Clos_e
functions function

Configure Action/ Data Utility

b Status N )
functions ) functions functions
functions

Component Functions

VI
Engine

Attribute Functions

Callback Functions
(Not User Callable)

A

.

VISA I/O
Interface

Internal
Subroutine
Interface

Figure 1-2. Instrument Driver Internal Design Mode

The functional body of a LabWindows/CVI instrument driver consists of three main
categories. The first category is a collection of component functions, each of which controls
a specific area of the instrument’s functionality. The second category is a collection of
application functions that invoke combinations of component functions to perform complete
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test and measurement operations. The third category is a collection of attribute functions and
callback functions that perform such operations as reading and writing instrument settings or
guerying the state of an instrument. Non-1VI drivers do not have attribute functions or
callback functions.

The modularity of LabWindows/CVI instrument drivers builds on proven technology.

The modular approach gives users the granularity to control instruments properly in their
application programs. For example, a user can initialize all instruments once, configure
multiple instruments, and then trigger several instruments simultaneously. As another
example, a user can initialize and configure an instrument once, and then trigger and read
from the instrument several times.

Component Functions

LabWindows/CVI instrument drivers have component functions, which are divided into seven
categories: initialize, configuration, action/status, data, utility, attribute, and close. Each of
these categories, with the exception of the initialize and close functions, consists of several
modular software routines. Much of the critical work in developing an instrument driver lies
in the up-front design and organization of the instrument driver component functions. Some
of the specific routines in each category are further categorizeda@sed functions

The required functions are instrument driver functions that are common to the majority of
instruments. These functions perform the following instrument operations:

e Initialize and Initialize with options

 Close
e Reset
e Self-Test

* Revision Query

e Error Query

 Error Message

» Get/Clear Error Info

* Get Next Coercion Record

*  Get/Set Attribute

* Invalidate All Attributes

» Lock/Unlock Session

* Write/Read Instrument Data

The instrument driver developer specifies the remainder of the functions in the instrument
driver. All instruments have configuration functions, for example, but different instruments
can have different numbers of configuration functions depending on the differences in the

© National Instruments Corporation 1-9 LabWindows/CVI Instrument Driver Guide



Chapter 1 Instrument Driver Overview

ways you can configure the instruments. General guidelines in Chapt@g8amming
Guidelines for Instrument Driverslefine, organize, and structure the functions within
each category. By following these guidelines, similar instruments will have similar sets
of functions.

The LabWindows/CVI instrument driver guidelines recommend that an instrument driver
provide full functional control of the instrument. LabWindows/CVI does not attempt to
mandate the required functionality of all instrument types such as DMMs, counter/timers, and
so on. Rather, the focus is on the architectural guidelines of all drivers. In this way, all driver
developers have the flexibility to implement functionality unique to a particular instrument,
yet all drivers are organized, packaged, and used in the same way.

The IVI Foundation class specifications define the external interface and functionality of all
instrument drivers for a particular instrument type. They define some functionality as required
and some as optional. They also allow instrument drivers to define additional functions
specific to a particular instrument. You can create an IVI driver without complying with a
class specification, and class specifications do not exist for all instrument types. Nevertheless,
you gain the following benefits if you create an instrument driver according to a class
specification:

e The class specification makes most of the design decisions for you.

« LabWindows/CVI has class templates that comply with the class specifications. You can
use the class templates with fheols»Create VI Instrument Driver command. The
command invokes a wizard that generates the sketeton , .fp , and.sub files for an
instrument driver. When you use the command with a class template, it adds to the
instrument driver files all the attributes and high-level functions that the class
specification defines. Refer to ChapteD&veloping an Instrument Drivefor more
information.

« By following a class specification, your instrument driver has an external interface that
is very familiar to users who have used other instrument drivers that comply with the
class definition.

e Specific drivers that comply with a class specification can be called from the IVI class
drivers to create hardware-independent test programs.

Initialize Functions

The initialize functions initialize the software connection to the instrument. The initialize
functions can optionally perform an instrument identification query and reset operations.
It performs any necessary actions to place the instrument in its default power-on state or
other specific state. An extended initialization function allows users to configure certain
IVI attributes at initialization time.
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Configuration Functions

The configuration functions are a collection of software routines that configure the instrument
to perform a particular operation. There can be numerous configuration functions, depending
on the particular instrument. The configuration functions group multiple calls to attribute
functions, and handle any order dependencies that might exist in setting attributes.

Action/Status Functions

The action/status category contains two types of functions. Action functions cause the
instrument to initiate or terminate test and measurement operations. Status functions obtain
the current status of the instrument or the status of pending operations. The specific routines
in this category and the actual operations performed by those routines are left up to the
instrument driver developer.

Data Functions

The data functions include functions to transfer data to or from the instrument. Examples
include functions for reading a measured value or waveform from an instrument, functions
for downloading waveforms or digital patterns to a source instrument, and so on. The specific
routines in this category and the actual operations performed by those routines are left up to
the instrument driver developer.

Utility Functions

The utility functions can perform a variety of operations. Some utility functions are required,
such as reset, self-test, error query, error message, and revision query, and some are defined
by the developer.

Reset This function places the instrument in a default state.

Revision Query This function returns the revision of the instrument driver and the
firmware revision of the instrument.

Error Query This function queries the status of the instrument and returns the
instrument-specific error information.

Error Message This function translates the error return value from an instrument
driver function to a user-readable string.

Get/Clear This functions allow you to get and clear the extra error information
Error Info that IVI drivers provide.

Get Next Coercion You can configure the IVI engine to track how the instrument driver
Record coerces user settings. This function gets the next coercion record
from the IVI engine.
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Invalidate All This function invalidates the state of all attributes.
Attributes
Lock/Unlock These functions allow you to protect a sequence of calls to an IVI
Session instrument driver from interference by other execution threads.
Write/Read This instrument data functions allow the end user to perform

Instrument Data instrument I/O directly.

Attribute Functions

The attribute functions set or query the value of particular instrument settings, or attributes.
Attribute functions use the IVI engine to manage instrument attribute values and states
properly. The attribute functions provide low-level access to the individual instrument
settings. Users normally call the configuration functions rather than the attribute functions.
Refer to Chapter 2YI Architecture Overviewfor details on the attribute functions. Non-IVI
drivers do not have attribute functions.

Close Function

All LabWindows/CVI instrument drivers have a close function that terminates the software
connection to the instrument and deallocates system resources.

Application Functions

The application functions are high-level test and measurement oriented routines. Application
functions commonly call a sequence of component functions to perform one high-level
operation. For example, a DMM application function might configure the DMM and take a
reading, all in one function call.

Note Instrument driver application-level functions do not call the initialization or close
functions.

Callback Functions

In VI drivers, callback functions contain the source code for querying and modifying
instrument settings, checking the status of the instrument, and other operations. The VI
engine invokes the callback functions at appropriate times.

There are two types of callback functioattribute callbacks angdessiorcallbacks.
Attribute callbacks, such as the read and write callbacks, apply to particular instrument
settings or software attributes. Session callbacks apply to the instrument as a whole.
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Refer to Chapter 2VI Architecture Overviewfor detailed information on callback
functions.

Non-IVI drivers do not have callback functions.
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This chapter contains a general overview of the concepts of the VI instrument drivers and the
IVI engine. It also contains detailed descriptions of the inherent IVI attributes.

What is IVI?

IVI (Interchangeable Virtual Instruments) instrument drivers comply with the 1Vl Foundation
specifications. Throughout the remainder of this manual, the term VI is used to refer to
National Instrument implementation of IVI instrument drivers, an architecture for these
drivers, a component engine that makes it work, and a library that is an API to that engine.
Following are the major features of the VI instrument driver architecture from National
Instruments:

A standard, well-defined structure for the external interface to an instrument driver that
is 100 percent VXlug&play compatible.

A standard, well-defined structure for the internal implementation of an instrument
driver.

An attribute model for representing the settings of an instrument.

A standard set of callback functions the instrument driver can define and install to
implement an instrument attribute.

An optional state-caching mechanism that tracks the state of instrument settings to
prevent unnecessary instrument I/O, thereby increasing the performance of application
programs.

A standard interface for enabling and disabling the validation of parameters the user
passes to instrument driver functions.

A standard interface for enabling and disabling queries of the instrument’s status after an
operation.

A standard interface for using an instrument driver in simulation mode.

The ability to safely access the same instrument driver session from multiple execution
threads in one application.

The ability of an application program thread to lock an instrument driver session so that
a thread can execute a critical section of code without other threads in the same program
interfering with the state of the instrument.

The ability of an instrument driver to report extensive error information.
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e The definition of standard classes for common types of instruments. A standard class
definition specifies the high-level functions, attributes, and attribute values common to
a wide variety of instruments of the same type. Instrument drivers that comply with a
standard class definition provide users with a familiar interface from one specific
instrument to another of the same type.

e Class drivers that work on all instruments of the same type.

e LabWindows/CVI wizards that help you create and modify IVI instrument drivers. The
wizards are particularly powerful when you use them with the templates for a standard
instrument class specification.

«  Multiplatform capability. The IVI engine is available under Windows 2000/NT/98/95
and Sun Solaris 2. Under Windows 2000/NT/98/95, the IVI engine is in the form of a
32-bit DLL. The IVI engine requires that you install VISA, but it is not dependent on any
other library.

Introduction to IVI Instrument Drivers

This section contains a brief introduction to IVI instrument drivers, how they work, and how
you use them in application programs. This chapter also contains a detailed discussion of the
IVI attribute model, callbacks, state caching, and the responsibilities of high-level instrument
driver functions. At the end of the chapter, there are detailed descriptions of inherent IVI
attributes. Refer to Chapter Beveloping an Instrument Driveand Chapter 4Attribute

Editor, for information on the LabWindows/CVI wizards that help you create and modify IVI
instrument drivers. Refer to Chapte8pgramming Guidelines for Instrument Drivefer

detailed information on instrument driver source code. Refer toah@/indows/CVI Online

Help for descriptions of the functions in the VI engine API and for information about the VI
error reporting capabilities.

Instrument drivers are high-level function libraries for controlling specific GPIB, VXI, serial
instruments, or other devices. With an instrument driver, you easily can control an instrument
without knowing the low-level command syntax or I/O protocol. IVI instrument drivers apply
an attribute-based approach to instrument control to deliver better run-time performance and
more flexible instrument driver operation.

An VI instrument driver specifies each readable or writable setting on your instrument, such
as the vertical voltage range on an oscilloscope, as an attribute. The VI engine works in
conjunction with VI instrument drivers to manage the reading and writing of instrument
attributes. The IVI engine tracks the values of attributes in memory and controls when
instrument drivers send new settings to instruments and read settings from instruments.
By managing instrument attributes and mandating a standard structure for the internal
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implementation of instrument drivers, the IVI engine adds many features to instrument
drivers, including:

» State-caching—You can avoid sending redundant commands to the instrument. If you
try to set an attribute to a value that it already has, the IVI engine skips the command.

» Configurable range-checking—Range-checking verifies that a value you specify for an
attribute is within the valid range for the attribute. You can disable this feature for faster
execution speed.

» Configurable status query—The status query feature automatically checks the status
register of the instrument after each operation. You can disable this feature for faster
execution speed.

» Simulation—You can develop application code that uses an instrument driver even when
the instrument is not available. When in simulation mode, the instrument driver
range-checks input parameters and generates simulated data for output parameters.

You enable or disable these features by setting special attribute values in the instrument driver.
For example, you can set tAe45_ATTR_RANGE_CHECHr FL45_ATTR_SIMULATE

attributes of the Fluke 45 Digital Multimeter driverMb TRUE to enable range-checking or
simulation. These types of attributes are calrentlVI attributes because every VI
instrument driver has them and because they control how the instrument driver works rather
than representing particular instrument settings.

How IVI Instrument Drivers Work

This section presents a simplified view of how the IVI engine and driver work together. The
actual process involves additional steps that implement other powerful features. The rest of
this chapter discusses the entire process in detail.

The key to the IVI architecture is the manner in which the IVI engine controls the reading and
writing of attributes to and from the instrument. The instrument driver cordailiimck
functionsthat read and write instrument settings eartje tableghat specify the valid range

for each instrument attribute. The IVI engine accesses the range tables and invokes the
callbacks at the appropriate times. For example, suppose the instrument driver exports a
Scope_ConfigureChannel function that configures the vertical subsystem of an
oscilloscope. Also, suppose that you pass 5.0 for the vertical range parameter to the function.
The driver and the 1VI engine work together to execute the following steps:

1. TheScope_ConfigureChannel function calls thévi_SetAttributeViReal64
function in the IVI engine to set the value of the vertical range to 5.0 volts.

2. IfthelVI_ATTR_RANGE_CHECHKnherent attribute i¥I_TRUE, the IVI engine
uses the range table for the vertical range attribute to determine if 5.0 volts is a
valid value. If 5.0 is outside the valid range for your particular oscilloscope, the
Ivi_SetAttributeViReal64 function returns an error code. In some cases,
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the IVI engine uses the range table to coerce the value you request to a value that is more
acceptable to the instrument, regardless of whether you enable range-checking.

If thelVI_ATTR_CACHE inherent attribute i¥I_TRUE, the VI engine compares the
vertical range value you are requesting, 5.0, to the value currently in the engine’s cache
for the attribute. If the cache value equals &i0SetAttributeViReal64 returns

the success completion code immediately. Because the vertical range is already set to
5.0 volts, sending a command to the instrument to set the vertical range to 5.0 volts is
redundant.

If thelVI_ATTR_SIMULATE inherent attribute i¥l_TRUE,
Ivi_SetAttributeViReal64 returns the success completion code immediately.

The IVI engine invokes th&cope_VerticalRangeWriteCallback function in

the instrument driver. The write callback function sends a command string to the
oscilloscope to set the vertical range to 5.0. The IVI engine updates the cache value for
the vertical range attribute to 5.0.

If thelVI_ATTR_QUERY_INSTR_STATUSInherent attribute i¥1_TRUE and the

IVI engine invokedScope_VerticalRangeWriteCallback or the write callback for

any other attributeScope_ConfigureChannel calls the check status callback in the
instrument driver. The check status callback reads the status register of the oscilloscope
to check if an error condition occurred.

Notice that steps 1 through 5 repeat for each parameter you pass to
Scope_ConfigureChannel
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The following diagram in Figure 2-1 illustrates this process.

Set Attribute

High-Level Functions Range Check
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Attribute Callbacks Instrument

(read, write, etc.)
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(check status, etc.)

Instrument Driver IVl Engine
Set Attribute
Process

Figure 2-1. VI Driver Operation Diagram

How You Program with IVI Instrument Drivers

Each IVl instrument driver presents a set of high-level functions for controlling an instrument.
The high-level functions are sufficient for most applications. Although each IVI instrument
driver exportsSetAttribute andGetAttribute functions, you typically do not use them

in application programs. When you call the configuration functions in the instrument driver,
you specify configuration settings. The configuration functions pass these settings to
SetAttribute function calls. In many cases, it is necessary to send settings to the
instrument in a particular order. The high-level configuration functions handle these order
dependencies for you.

To use an instrument driver for a particular instrument, you must first initialize an IVI
instrument drivesessionWhen you initialize an VI session, the IVI engine creates data
structures to store all the information for the session. Each IVI instrument driver exports two
functions for initializing an VI sessiomPrefix _init  andPrefix _InitWithOptions ,
wherePrefix is the instrument prefix for the drivéoth functions require that you identify

the physical device. The functions give you the option of performing ID query and reset
operations on the device. They also initialize the device for correct operation of subsequent
instrument driver function calls.

The Prefix _InitwWithOptions function has a string parameter in which you can set the
value of inherent attributes suchiss ATTR_RANGE_CHECKIVI_ATTR_SIMULATE ,
andIVI_ATTR_QUERY_INSTR_STATUS It is best to set these attributes through the

© MNational Instruments Corporation 2-5 LabWindows/CVI Instrument Driver Guide



Chapter 2

VI Architecture Overview

Prefix _InitWithOptions function so that your settings are in effect during the
initialization procedure. This is particularly important if you want to enable simulation.
The initialization procedure usually attempts to interact with the physical instrument.
If the instrument is not available, you must disable simulation in your call to

Prefix _InitWithOptions to prevent the initialization from failing.

ThePrefix _init andPrefix _InitWithOptions functions return an IVI session handle

that you pass to subsequent calls to instrument driver functions. If you want to use the same
instrument driver for a separate physical device, you musPelk _init or

Prefix _InitWithOptions again to initialize a different IVI session.

Do not open multiple VI sessions to the same physical device. If you want to use the same
instrument in different execution threads, you can do so by sharing the same session handle
across multiple threads in the same program. IVl instrument drivers functions are multithread
safe. In some cases, however, you might have to lock a session around a sequence of calls to
an VI instrument driver. For example, if you call a configuration function and then take a
reading in one thread, you must prevent calls to instrument driver functions in other threads
from upsetting the configuration between the two function calls in the first thread. Each VI
instrument driver exports therefix _LockSession andPrefix _UnlockSession

functions for this purpose.

Driver Functions and Attribute Model

The VXIplugé&play standard requires that each instrument driver contain the following
seven functions, whererefix is the instrument prefix for the particular driver:

Prefix _init

Prefix _close

Prefix _reset

Prefix _self test

Prefix _revision_query

Prefix _error_queury

Prefix _error_message

IVI drivers must contain the following additional functions:

Prefix _InitWithOptions
Prefix  _lvilnit

Prefix _lviClose

Prefix _LockSession
Prefix _UnlockSession
Prefix _GetErrorinfo
Prefix _ClearErrorinfo
Prefix _SetAttribute<type>
Prefix _GetAttribute<type>
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Prefix _InvalidateAllAttributes
Prefix _GetNextCoercionRecord
Prefix _ReadlnstrData

Prefix _WritelnstrData

Refer to thd.abWindows/CVI Online Helfor a description of all functions that
VXI plugé&play and IVI require.

VXI plugé&play drivers also contain high-level functions that encapsulate multiple instrument
interactions. The drivers usually group high-level functions into categories such as
configuration functions and measurement functions. A configuration function modifies one

or more settings on the instrument. A measurement function usually sends a command to the
instrument requesting data and then reads the data from the instrument. Drivers often contain
application-level functions, which are very high-level functions that typically call one or more
configuration functions and a measurement function.

IVI drivers contain the same types of high-level functions. A key difference between VI and
non-IVI drivers is in how they implement the high-level functions. Non-IVI drivers use direct
instrument I/O to query and modify instrument settings. VI drivers query and modify
instrument settings through attributes. Thus, a high-level function in an VI driver might
consist of a set of calls to IVI Library functions suchvasGetAttributeVilnt32 ,
Ivi_SetAttributeVilnt32 , andlvi_SetAttributeViReal64 . The IVI engine

provides the mechanism for the management of instrument driver attributes.

Types of Attributes

Some attributes are common to all IVI instrument drivers. These attributes aréntedlet
attributes The specification for an instrument class defines attributes that are common among
all instruments of one type. These attributes are caldbattributes. A specific instrument
driver defines attributes that are specific to a particular instrument model or family of models.
These attributes are calletstrument-specifiattributes. Each specific instrument driver API
exports a subset of the inherent IVI attributes and most or all its instrument-specific attributes.
A specific instrument driver that complies with a standard class definition also exports the
class attributes.

An instrument driver can use attributes for more than modeling instrument states.

For instance, the driver can use attributes to represent values that the driver recalculates
dynamically each time the user queries its value. The driver also can use attributes to maintain
internal data it wants to attach to each IVI session the user creates. Instrument drivers can
choose whether to export such attributes to the user. Attributes that drivers export to users are
calledpublic attributes. Attributes that drivers use only internally are calte@teor hidden
attributes.
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The instrument driver must assign one of the following VISA data types to each attribute:
Vilnt32 , ViReal64 , ViString , ViBoolean , ViSession , andViAddr . Only hidden
attributes can be of typgAddr .

Refer to thdnherent IVI Attributesection later in this chapter for detailed descriptions of
each inherent attribute.

Get/Set/Check Functions

When a high-level function in an instrument driver queries or modifies the current setting of

an attribute, it does so by calling one of WieGetAttribute or lvi_SetAttribute
functions. The IVI Library contains sixi_GetAttribute functions and six
Ivi_SetAttribute functions, one for each possible attribute data type. These

are calledypesafdunctions.

The IVI engine also exports six typesafie CheckAttribute functions. Instrument
drivers can call these functions to verify that a particular value is valid for an attribute.

Instrument drivers expoRrefix _GetAttribute , Prefix _SetAttribute , and

Prefix _CheckAttribute functions for each of the five data types that instrument driver
public attributes can have. This allows users to bypass the high-level functions in instrument
drivers and directly query and modify the values of instrument attributes. The

Prefix _GetAttribute , Prefix _SetAttribute , andPrefix _CheckAttribute

functions are merely wrappers around calls toth&etAttribute ,

Ivi_SetAttribute , andlvi_CheckAttribute functions.

Eachlvi_Get/Set/CheckAttribute function has aoptionFlags parameter. The
Prefix _Get/Set/CheckAttribute functions that instrument drivers export do not
have this parameter. They always pass¥he/AL DIRECT_USER_CALL flag to the
Ivi_Get/Set/CheckAttribute function. For more information on tlogtionFlags
parameter, refer to the function descriptions forlthéset/Set/CheckAttribute

functions in theLabWindows/CVI Online Help

TheLabWindows/CVI Online Helpontains one consolidated function description for all the
Ivi_GetAttribute functions, excepti_GetAttributeViString , one consolidated
function description for all thei_SetAttribute functions, and one consolidated

function description for all thei_CheckAttribute functions. The function descriptions
contain detailed information on exactly what each of these functions does. The description of
thelvi_SetAttribute functions is particularly extensive.

Callbacks

The IVI engine contains a sophisticated attribute state-caching mechanism. Each specific
instrument driver, on the other hand, contains the knowledge of how to obtain settings from
the instrument, validate new settings, and send new settings to the instrument. Thus,
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a function call to set or get an attribute value executes code, both in the IVI engine and
in the specific instrument driver.

The most efficient way to partition this work is through a callback mechanism. The specific
instrument driver encapsulates its knowledge of how to query and modify instrument attribute
values into a set of callback functions for each attribute. The driver installs the callbacks for
each attribute by passing the addresses of the callback functions to the 1VI engine. Besides
enabling state-caching, this scheme also allows the VI engine to play an important role in
implementing the range-checking, status-checking, and simulation options in instrument
drivers.

All function calls to get or set an attribute value first go through the IVI engine. The

IVI engine uses this opportunity to determine whether state-caching, range-checking, and
simulation are enabled. It also determines whether the cached value of the attribute is valid,
that is, whether it reflects the current state of the instrument. Depending on these and other
factors, the VI engine invokes one or more callback functions. After the callbacks return, the
IVI engine can take additional actions, such as storing a new value in the cache.

The IVI engine allows an instrument driver to install six callback functions for each attribute:
read, write, check, coerce, compare, and range table. ReferAtirthate Callback
Functionssection later in this chapter for a description of the six attribute callbacks.

The IVI engine also allows an instrument driver to install three callback functions that are
global to an entire IVI session: an operation complete callback, a check status callback, and
a buffered 1/O callback. Refer to tBession Callback Functiosgction later in this chapter

for a description of the session callbacks.

The driver can choose which callbacks to install. The IVI engine does not require any of the
callbacks.

Creating and Declaring Attributes

An instrument driver creates the specific and class attributes it uses by calling the
Ivi_AddAttribute functions. The IVI Library provides a separatie AddAttribute

function for each of the six data types, for examipleAddAttributeVilnt32 and
Ivi_AddAttributeViBoolean . In the include file for the driver, the driver must declare
constant names for all the public attributes. In the source file for the driver, the driver must
declare constant names for all the hidden attributes.

The IVI engine creates the inherent IVI attributes for each session. The include file for the
driver, however, must define constant names for all the attributes that are not hidden from the
user. In this way, the driver include file presents a unified view of all attributes the user can
use in conjunction with the instrument driver.
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Attribute IDs

Each attribute in an instrument driver must have a distinct integer ID. You must define a
constant name for each attribute in the include file or the source code for the instrument driver.
The constant name must begin WRREFIX_ATTR_, wherePREFIX is the instrument prefix.

The include file for a specific instrument driver must define constant names for all the public
attributes. This includes attributes that the IVI Library defines, attributes that the instrument
class defines, and attributes that are specific to the particular instrument.

@ Note TheTools»Create IVI Instrument Driver andTools»Edit Instrument
Attributes commands create the correct attribute constant definitions for you.

Inherent IVI Attributes

For each inherent IVI attribute, use the same constant name that appears inbut
replace the IVI prefix with the specific instrument prefix. For exanigle, defines
IVI_ATTR_CACHE, and the Fluke 45 include fil#&45.n , contains the following definition:

#define FL45_ATTR_CACHE IVI_ATTR_CACHE

Class Attributes

For each class attribute, use the same constant name that appears in the class include file but
replace the class prefix with the specific instrument prefix. For example, the DMM class
include file,ividmm.h , definesVIDMM_ATTR_RESOLUTIONandfl45.h  contains the

following definition:

#define FL45_ATTR_RESOLUTION IVIDMM_ATTR_RESOLUTION

Instrument-Specific Attributes

For each instrument-specific attribute that the user can access, define a constant name
in the instrument driver include file and assign a value that is an offset from
IVI_SPECIFIC_PUBLIC_ATTR_BASE . For examplefl45.h  contains the following
definition:
#define FL4A5_ATTR_HOLD_THRESHOLD \

(IVI_SPECIFIC_PUBLIC_ATTR_BASE + 3)

For each instrument-specific attribute that is hidden from the user, define a
constant name in the driver source file and assign a value that is an offset from
IVI_SPECIFIC_PRIVATE_ATTR_BASE . For examplehp34401.c contains the following
definition:
#define HP34401_ATTR_TRIGGER_TYPE \

(IVI_SPECIFIC_PRIVATE_ATTR_BASE + 1)
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Attribute Flags

Each attribute has a set of flags that you can use to specify various types of behavior. You set
the flags as bits in¥ilnt32  value you specify when you create the attribute using one of
thelvi_AddAttribute functions. You can query and modify the flags for an attribute using
Ivi_GetAttributeFlags andlvi_SetAttributeFlags

To set multiple flags, bitwise-OR them together. For example, if you want an attribute to be
read only and never cached, use the following flags:

IVI_VAL_NOT_USER_WRITABLE|IVI_VAL_NEVER_CACHE

Table 2-1 lists the IVI attribute flags. A detailed discussion of each flag follows the table.

Table 2-1. VI Attribute Flags

Bit Value Flag

0 0x0001 IVI_VAL_NOT_SUPPORTED

1 0x0002 IVI_VAL_NOT_READABLE

2 0x0004 IVI_VAL_NOT_WRITABLE

3 0x0008 IVI_VAL_NOT_USER_READABLE

4 0x0010 IVI_VAL_NOT_USER_WRITABLE

5 0x0020 IVI_VAL_NEVER_CACHE

6 0x0040 IVI_VAL_ALWAYS_CACHE

7 0x0080 IVI_VAL_NO_DEFERRED_UPDATE

8 0x0100 IVI_VAL_DONT_RETURN_DEFERRED_VALUE

9 0x0200 IVI_VAL_FLUSH_ON_WRITE
10 0x0400 IVI_VAL_MULTI_CHANNEL
11 0x0800 IVI_VAL_COERCEABLE_ONLY_BY_INSTR
12 0x1000 IVI_VAL_WAIT _FOR_OPC_BEFORE_READS
13 0x2000 IVI_VAL_WAIT _FOR_OPC_AFTER _WRITES
14 0x4000 IVI_VAL_USE_CALLBACKS_FOR_SIMULATION
15 0x8000 IVI_VAL_DONT_CHECK_STATUS
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IVI_VAL_HIDDEN is 0x0018, the combination tfi_ VAL NOT_USER_READABLEnd
IVI_VAL_NOT_USER_WRITABLE Use theVI_VAL_HIDDEN macro when you create
attributes that you do not want the user to access.

IVI_VAL_NOT_SUPPORTEDB—Indicates that the class driver defines the attribute but the
specific driver does not implement it.

IVI_VAL_NOT_READABLE—Indicates that neither users nor instrument drivers can query the
value of the attribute. Only the IVI engine can query the value of the attribute.

IVI_VAL_NOT_WRITABLE—Indicates that neither users nor instrument drivers can modify
the value of the attribute. Only the IVI engine can modify the value of the attribute.

IVI_VAL_NOT_USER_READABLE-Indicates that users cannot query the value of the
attribute. Only the VI engine and instrument drivers can query the value of the attribute.

IVI_VAL_NOT_USER_WRITABLE—Indicates that users cannot modify the value of the
attribute. Only the VI engine and instrument drivers can modify the value of the attribute.

IVI_VAL_NEVER_CACHE—Directs the IVl engine never to use the cache value of the
attribute, regardless of the state of ifie ATTR_CACHE attribute. The IVI engine always
calls the read and write callbacks for the attribute, if present.

IVI_VAL_ALWAYS_CACHE—Directs the IVI engine to use the cache value of the attribute,
if it is valid, regardless of the state of i@ ATTR_CACHE attribute.

IVI_VAL_NO_DEFERRED_UPDATE-Directs the IVI engine never to defer the update of the
attribute when you set it, regardless of the state aMthaTTR_DEFER_UPDATEattribute.

IVI_VAL_DONT_RETURN_DEFERRED_VALUEWhen you query the value of an attribute

and a deferred update is pending for the attribute, the flag directs the IVI engine to return a
value that reflects the current state of the instrument rather than the value in the pending
update. When this flag is set, it overrides the state of the
IVI_ATTR_RETURN_DEFERRED_VALUESitribute.

IVI_VAL_FLUSH_ON_WRITE—BY default,lvi_Update = does not send the

IVI_MSG_FLUSH message to the buffered I/O callback until it completes processing all the
deferred updates. This flag indicates that after processing a deferred update for the attribute,
Ivi Update must send th&/I_MSG_FLUSH to the buffered I/O callback to flush the

I/O bulffer.

IVI_VAL_MULTI_CHANNEL —Indicates that the attribute has a separate value for each
channel. You cannot modify this flag usiivg SetAttributeFlags
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IVI_VAL_COERCEABLE_ONLY_BY_INSTR—Indicates that the instrument coerces values in

a way that the instrument driver cannot anticipate in softwar@obase this flag unless the
instrument’s coercion algorithm is undocumented or too complicated to encapsulate in a
range table or a coerce callback. When you query the value of an attribute for which this flag
is set, the IVI engine ignores the cache value unless it obtained the cache value from the
instrument. Thus, after you call b _SetAttribute function, the IVI engine invokes the

read callback the next time you calllgin GetAttribute function. When you set this flag,

the IVI engine makes two assumptions that allow it to retain most of the benefits of
state-caching:

» The instrument always coerces the same value in the same way.

« If you send the instrument a value that you obtained from the instrument, the instrument
does not coerce the value.

Based on these two assumptions, the 1VI engine does not invoke the write callback for the
attribute when you call alni_SetAttribute function with the same value you just sent

to, or received from, the instrument. If one or both of these assumption are not valid, use the
IVI_VAL_NEVER_CACHEflag instead.

IVI_VAL_WAIT_FOR_OPC_BEFORE_READBSDirects the IVI engine to call the operation
complete callback for the session before calling the read callback for the attribute.

IVI_VAL_WAIT_FOR_OPC_AFTER_WRITES-Directs the IVI engine to call the operation
complete callback for the session after calling the write callback for the attribute.

IVI_VAL_USE_CALLBACKS_FOR_SIMULATION-Directs the IVI engine to invoke the read
and write callbacks for the attribute even when in simulation mode.

IVI_VAL_DONT_CHECK_STATUS-BY default, when a user calls one of the

Prefix _GetAttribute or Prefix _SetAttribute functions in an instrument driver and
thelVI_ATTR_QUERY_INSTR_STATUSattribute is enabled, the IVI engine calls the check
status callback for the session after calling the read or write callback for the attribute. This
flag directs the IVI engine never to call the check status callback for the attribute.

Range Tables

For eachvilnt32  orViReal64 attribute, you can specify a range table that describes the
valid values for the attribute. The IVI engine uses the table to validate and coerce values for
the attribute. The write callback for the attribute also can use the table to associate each value
with a command string to send to the instrument. Similarly, the read callback can use the table
to convert a response string from the instrument into an attribute value.
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Range Table Structures

The typedefs foviRangeTable  andiviRangeTableEntry inivih  describe structures
you use to define range tables as follows:

typedef struct /* describes one range table entry */

{
ViReal64 discreteOrMinValue;
ViReal64 maxValue;
ViReal64 coercedValue;
ViString cmdString;  /* optional */
Vilnt32  cmdValue; [* optional */

} IviRangeTableEntry;

typedef struct /* describes the entire range table */

{
Vilnt32  type; /* discrete, ranged, or coerced */
ViBoolean hasMin;
ViBoolean hasMax;
ViString custominfo;
IviRangeTableEntry *rangeValues;

} IviRangeTable;

Therangevalues field contains a pointer to an arrayidRangeTableEntry structures.
The array must contain a termination entry, which is an entry in whianti@ring field
containslVl_RANGE_TABLE_END_STRING Theivi.h include file defines

IVI_ RANGE_TABLE_END_STRINGas((ViString)(-1)) . Theivi.n include file also
defines th@vl_RANGE_TABLE_LAST_ENTRYmacro, which you can use to represent an
entire termination entry.

There are three types of range tables. The type determines how you interpret the
discreteOrMinValue , maxValue , andcoercedVvalue fields in the
IviRangeTableEntry structure. You indicate the type in tiype field of the
IviRangeTable  structure. The three types are as follows:

e IVI_VAL_DISCRETE —In a discrete range table, each entry defines a discrete value. The
discreteOrMinValue contains the discrete value. TexValue andcoercedValue
fields are not used.

e IVL_VAL_RANGED—In aranged range table, each entry defines a range with a minimum
and a maximum value. ThiscreteOrMinValue field holds the minimum value. The
maxValue field holds the maximum value. Theercedvalue field is not used. If the
attribute has only one continuous valid range and you do not assign different command
strings or command values to subsets of the range, the range table contains only one entry
other than the terminating entry.
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* IVI_VAL_COERCED—In a coerced range table, each entry defines a discrete value that
represents a range of values. This is useful when an instrument supports a set of ranges,
each of which you must specify to the instrument using one discrete value. The
discreteOrMinValue holds the minimum value of the rangeaxVvalue holds the
maximum valuecoercedValue holds the discrete value that represents the range.

ThediscreteOrMinValue , maxValue , orcoercedValue fields are always of type
ViReal64 , even forvilnt32  attributes.

When the VI Library searches through a ranged or coerced range table for an entry that
matches a value, it returns the first entry that satisfies the following two conditions:

* The value is greater than or equal todhsereteOrMinValue field of the entry.
* The value is less than or equal to thexValue field of the entry.

You can use themdString field to store the command string that the write callback uses to
set the instrument to the value that the range table entry defines. The read callback also can
use theemdString  field to help it convert a response string from the instrument into an
attribute value. If you do not want to associate a command string with each value, you can set
thecmdString field toVl_NULL.

For a register-based instrument, you can userti®alue field to store the register value

that the write callback uses to set the instrument to the value that the range table entry defines.
For a message-based instrument, you can usenthéalue field to store an integer value that

the attribute write callback formats into an instrument command string. You can use the
custominfo  field in thelviRangeTable  structure to store the format string for the

instrument command.

ThehasMin andhasMax fields indicate whether, as a whole, the table contains a meaningful
minimum value and a meaningful maximum value. WhesetAttrMinMaxVilnt32 and
Ivi_GetAttrMinMaxViReal64 functions use these fields to determine whether they can
calculate the minimum and maximum values that the instrument implements for an attribute.
For coerced range tables, these functions useothieedVvalue field to calculate the

minimum and maximum values that the instrument actually implements. In discrete range
tables that contain values that represent non-numeric settings, As$IghSE to the

hasMin andhasMax fields. For example, the measurement function attribute of a DMM does
not have a meaningful minimum or maximum value.

If you use theTools»Edit Instrument Attributes command in the source window, you can
view and modify your range tables in a dialog box. EH#& Instrument Attributes

command requires that the name of the arrdyi@éngeTableEntry structures always be
the name of th&viRangeTable  structure followed b¥ntries
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Discrete Range Table Example
The following is an example of a discrete range table.
static IviRangeTableEntry functionTableEntries[] = {

[* discrete value */ [* cmdString */
{FL45_VAL_DC_VOLTS, 0, 0,"VDC", 0},
{FL45_VAL_AC_VOLTS, 0, 0, "VAC", 0},

{FL45_VAL_AC_PLUS_DC_VOLTS, 0, 0, "VACDC", 0},
{FL45_VAL_DC_CURRENT, 0, 0,"ADC", 0},
{FL45_VAL_AC_CURRENT, 0, 0,"AAC", 0},

{FL45 VAL_AC_PLUS_DC_CURRENT, 0, 0, "AACDC", 0},
{FL45_VAL_2_WIRE_RES, 0, 0, "OHMS", 0},

{FL45_VAL_FREQ, 0, 0, "FREQ", 0},
{FL45_VAL_CONTINUITY, 0, 0, "CONT", 0},
{FL45_VAL_DIODE, 0, 0, "DIODE", 0},

{IVI_RANGE_TABLE_LAST_ENTRY}
h
static IviRangeTable functionTable = {
IVI_VAL_DISCRETE, /*type */

VI_FALSE, /* hasMin */
VI_FALSE, /* hasMax */
VI_NULL, /* custominfo */

functionTableEntries,

k

This range table lists all the possible values for a DMM measurement function attribute. It
also lists the command strings the driver uses to set the instrument to each possible value and
convert instrument response strings to attribute values.

Coerced Range Table Example
The following is an example of a coerced range table.

static IviRangeTableEntry resolutionTableEntries [] = {
/*min  max coerced cmdsString */
{0.0,4.5,45, "F', 0},
{45,5.5,5,5, "M", 0},
{5.5,6.5,6.5, "S", 0},
{IVI_RANGE_TABLE_LAST_ENTRY}

2

static IviRangeTable resolutionTable = {
IVI_VAL_COERCED, /*type*/
VI_TRUE, /* hasMin */
VI_TRUE, /* hasMax */
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VI_NULL, /* custominfo */
resolutionTableEntries

h

This range table lists all the possible ranges for a DMM resolution attribute, in terms of digits
of precision. For each range, it specifies a coerced value. In this case, the coerced value is the
highest value in the range. The table also lists the command string the driver uses to set the
instrument to each possible coerced value and convert instrument response strings to coerced
values.

Ranged Range Table Example
The following is an example of a ranged range table.

static IviRangeTableEntry triggerDelayTableEntries [] = {
/* min max */
{1.0e-6, 100.0, O, VI_NULL, 0},
{IVI_RANGE_TABLE_LAST_ENTRY}

5

static IviRangeTable triggerDelayTable = {
IVI_VAL_RANGED, /*type*/

VI_TRUE, /* hasMin */
VI_TRUE, /* hasMax */
VI_NULL, [* custominfo */
triggerDelayTableEntries

h

This range table declares the minimum and maximum value for a trigger delay attribute.

Static and Dynamic Range Tables

You can pass the address of a range tabie tddAttributeVilnt32 and
Ivi_AddAttributeViReal64 to associate a single range table with an attribute. This is
called astaticrange table.

Some cases exist in which the set of valid values for one attribute depends on the current
setting of another attribute. In such cases, you can define multiple static range tables for the
attribute. Instead of specifying one range table when yowcalbddAttributeVilnt32

or lvi_AddAttributeViReal64 , you calllvi_SetAttrRangeTableCallback to

install a range table callback. Each time the 1VI engine invokes the range table callback, the
callback must obtain the value of the second attribute and then return a pointer to the
appropriate range table.

You can obtain the address of the current range table for an attribute by calling the
Ivi_GetAttrRangeTable function.Ivi_GetAttrRangeTable invokes the range table
callback if the attribute has one. Otherwise, it returns the address of the range table you
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specify when you callii_ AddAttributeVilnt32 or lvi_AddAttributeViReal64

You can callvi_GetStoredRangeTablePtr to bypass the range table callback and get the
address of the range table you specify when youwiallddAttributeVilnt32 or
Ivi_AddAttributeViReal64 . You can replace this range table with a different one by
calling Ivi_SetStoredRangeTablePtr

In certain instances, the set of valid values for an attribute varies to such an extent that you
must create a very large number of static range tables for the attribute. A better approach in
this case is to modify the contents of a single range table depending on the current settings of
other attributes. If you want to modify the contents of a range table dynamically, you must
create alynamicrange table usingi_RangeTableNew . You must also install a range table
callback usingvi_SetAttrRangeTableCallback . In the range table callback, you

modify the contents of the range table and then return its address. To allow for multithreading
and multiple sessions to the same instrument type, you must create a separate dynamic range
table for each IVI session. It is convenient to pass the address of the dynamic range table to
Ivi_AddAttributeVilnt32 or lvi_AddAttributeViReal64 when you create the

attribute. Your range table callback can then usévth@etStoredRangeTablePtr

function to obtain the address of the dynamic range table for the session before modifying its
contents.

Default Check and Coerce Callbacks

The IVI Library supplies default check and coerce callback functions that use the range tables.
When you install a static range table callback for an attribute, the IVI engine automatically
installs the default check callback. If it is a coerced range table, the IVI engine also installs
the coerce callback. When you install a range table callback for an attribute, the IVI engine
automatically installs the default check and coerce callbacks. The following are the names of
the default callbacks that use range tables:

Ivi_DefaultCheckCallbackVilnt32
Ivi_DefaultCoerceCallbackVilnt32
Ivi_DefaultCheckCallbackViReal64
Ivi_DefaultCoerceCallbackViReal64

You can invoke the default callbacks from your own check and coerce callbacks. If you want
to add functionality to one of the default callbacks, install a callback that performs the
additional functionality before or after calling the default callback.

Comparison Precision

Because of the imprecision inherent in the computer representation of floating point numbers,
it is not always appropriate to determine if twiReal64 values are equal by comparing

them based on strict equality. When attempting toViiR#alé4 values in range tables, the

IVI engine performs comparisons using 14 decimal digits of precision.
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Some instruments represent floating-point numbers differently than computers do.
Consequently, comparisons between instrument and computer floating-point numbers can be
less precise than comparisons between two computer floating-point numbers. The VI engine
makes a comparison between an instrument and a computer floating-point number whenever
it compares an attribute cache value it obtained from the instrument against a new value to
which you attempt to set the attribute. If the values are equal within the degree of precision
that you specify for the attribute, the VI engine does not invoke the write callback.

You specify the degree of precision for an attribute when you call

Ivi_AddAttributeViReal64 . You can specify from 1 to 14 digits of precision.

The more digits of precision, the closer the two values must be for the IVl engine to consider
them equal. You can obtain or modify the degree of precision for an attribute by calling
Ivi_GetAttrComparePrecision or Ilvi_SetAttrComparePrecision

The IVI engine uses the compare precision when the binary representationyiefeaies
values are not exactly equal. It uses the following logic, wharelb are the values you want
to compare, and is the number of digits of precision.

ifa==

if |bl<10~(d-1)
thena==Dh.

else *al=07%*

i [2=bl gy

|al

then a ==

IVl State-Caching Mechanism

When the state-caching mechanism is enabled, the IVI engine maintains a software copy of
what it believes to be the current instrument setting for each attribute. If the 1VI engine
believes that the cache value accurately reflects the state of the instrument, it considers the
cache value to be valid. If state-caching is disabled or the VI engine does not believe the
cache value reflects the state of the instrument, it considers the cache value to be invalid.

When you call one of thiei_GetAttribute functions to query the current setting for an
attribute and the cache value for that attribute is invalid, the IVI engine asks the driver to
perform instrument I/O to obtain the setting. It does this by invoking the read callback for the
attribute. After the read callback obtains the current setting, the IVI engine stores the value in
the cache, marks the cache as valid, and returns the value to the caller. If, on the other hand,
the cache value is already valid, the IVI engine returns the cache value to the caller
immediately.
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When you call one of thiei_SetAttribute functions to specify a new setting for an
attribute and the cache value for the attribute is invalid or different than the value you specify,
the IVI engine asks the driver to send the new setting to the instrument. It does this by
invoking the write callback for the attribute. If the write callback reports that it successfully
modified the instrument setting, the IVI engine stores the new value in the cache and marks
the cache as valid.

Initial Instrument State

The VI state-caching mechanism makes no assumptions about the initial state of an
instrument. When the driver creates attributes during the initialization of an IVI session,
the IVI engine marks the attribute cache values as invalid. Thus, the first call to an
Ivi_GetAttribute or lvi_SetAttribute function for an instrument attribute causes
the driver to perform instrument I/O.

It is the responsibility of the user to set the instrument to a known state. Typically, the user
does this by calling the instrument driver high-level configuration functions.

Special Cases

Unfortunately, instrument command sets do not always map perfectly onto the state-caching
model. In such cases, the instrument driver developer must take special actions to ensure that
the state-caching mechanism works properly given the particular instrument’s behavior. The
following sections describe four possible situations.

Changing the Value of One Attribute Invalidates Another

In many cases, changing the value of one attribute causes the setting of another attribute in the
instrument to change. For example, changing the measurement function in a DMM can
change the range setting. In this case, the specific driver must indicate to the 1VI engine that
setting the first attribute invalidates the second attribute. The specific driver can notify the IVI
engine of this relationship by calling thé AddAttributeinvalidation function.

Whenever a call to ani_SetAttribute function changes the value of the first attribute,

the VI engine marks the cache value of the second attribute as invalid. For each IVI session,
the IVI engine maintains a list of invalidation relationships.

The specific driver also can call thé _InvalidateAttribute function to invalidate the
cache value of an attribute directly.

In some cases, you might think you can determine the new value of the second attribute
and set its cache value. This is unwise. It is better to invalidate the second attribute. Any
assumption you make about the new state of the second attribute depends on instrument
behavior that might change in future revisions of the instrument. Asitta Instrument
Statesection earlier in this chapter explains, it is the responsibility of the user to set the
instrument to a known state.
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Two Attributes Invalidate Each Other

In rare cases, changing the value of one instrument setting can affect another instrument
setting, and changing the value of the second instrument setting can affect the first. For
example, changing the measurement range in a DMM commonly affects the resolution
setting. If changing the resolution setting can change the measurement range, the invalidation
relationship is two-way.

The proper way to handle this situation is to impose a one-way invalidation model in the
instrument driver. Identify one attribute as dominant and the other as subordinate. Call
Ivi_AddAttributelnvalidation to notify the IVI engine that changing the value of

the dominant attribute invalidates the subordinate attribute. Range check and coerce values
for the subordinate attribute based on the current setting of the dominant attribute. In the
example, select the measurement range as the dominant attribute. Range check and coerce the
resolution attribute in such a way that you cannot set the resolution to a value that would cause
the instrument to modify the measurement range setting.

Setting or Getting the Values of Two Attributes in One Command

Some instruments have command sets that force the driver to set or get two attributes at once.
The driver cannot set or get the value of one attribute without also setting or getting the value
of another. In this case, the read callback for each coupled attribute must record the value it
obtained for the other attribute. It can do this by calling the appropiicgetAttribute

function and passintyl_VAL_SET_CACHE_ONLYas theoptionFlags parameter.

The write callbacks can be more difficult to handle. Generally, one of the coupled attributes
is dominant. If so, the write callback for the dominant attribute must calculate the default
value of the subordinate attribute, include the value in the command string it sends to the

instrument, and call the appropriate SetAttribute function with the
IVI_VAL_SET_CACHE_ONLYflag to cache the new value of the subordinate attribute. The
write callback for the subordinate attribute must calllithésetAttribute function to

obtain the current value of the dominant attribute and use its value in the command string.
Whenever a high-level driver function wants to set the two attributes, it must set the dominant
attribute first. Handling such order dependencies while minimizing instrument 1/O is one of
the benefits that the high-level driver functions provide to application programs.

Instrument Coerces Values

In some cases, an instrument accepts a range of values for an attribute but coerces them into
discrete settings. For example, a DMM might have three maximum reading ranges, 10.0,
100.0, and 1,000.0, but accept any value from 1.0 to 1,000.0. If you set it to 50.0, the
instrument coerces the value to 100.0. In responding to a query, the instrument returns 100.0.
If, after you set the attribute to 50.0, the VI engine stores 50.0 in the cache, the cache does
not accurately reflect the state of the instrument. Instead, the VI engine must store 100.0 in
the cache.
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Thus, state-caching requires the driver to coerce the value in software before sending it to
the instrument. This is especially important for drivers that comply with a standard class
definition. To handle any specific driver within a class, the class definition must allow for a
continuous range of values. Each specific driver must coerce the range of values into the
discrete settings the instrument uses.

The driver can do this by using a coerce callback. The easiest way to do this is to create a
coerced range table for the attribute. The IVI engine automatically installs a default coerce
callback for attributes that have coerced range tables. RefelRatige Tablesection earlier
in this chapter and th@oerce Callbaclsection later in this chapter for more information.

In rare instances, an instrument might coerce a value using an algorithm that is undocumented
or too complicated to encapsulate in a range table or a coerce callback. You can let the
instrument coerce the value and still retain much of the benefits of state-caching by using the
IVI_VAL_COERCEABLE_ONLY_BY_INSTRlag. Refer to the documentation for this flag in
theAttribute Flagssection earlier in this chapter.

Enabling and Disabling State-Caching

The user can enable or disable the state-caching mechanism for an entire 1VI session by
setting thdVI_ATTR_CACHE attribute. Nevertheless, a specific instrument driver can
override the user’s choice on an attribute-by-attribute basis. The driver can set the
IVI_VAL_NEVER_CACHEflag for an attribute to prevent the IVI engine from using the cache.
The driver can set thgl_VAL_ALWAYS_CACHHTlag for an attribute to force the IVl engine
to always use the cache value, if valid, regardless of the stizste &TTR_CACHE.

Attribute Callback Functions

For each attribute, an instrument driver can install up to six callback functions. The IVI engine
invokes these functions in the context of the state-caching mechanism. Each of the six
callbacks performs a specific task. The six callbacks types are read, write, check, coerce,
compare, and range table. A driver can install the read and write callbacks when it creates
the attribute using one of ting_AddAttribute functions. Also, the IVI Library contains
functions that install each of the first five callback types for each of the six attribute data
types, for examplayi_SetAttrReadCallbackVilnt32 and
Ivi_SetAttrCheckCallbackViReal64 . The IVI Library contains only one function,
Ivi_SetAttrRangeTableCallback , that installs a range table callback.
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Whether a driver installs a read and write callback for an attribute depends on what the driver
uses the attribute for.

» Attributes that represent instrument settings always have read and write callbacks.

« Attributes that store internal driver data or software-only options generally do not have
read or write callbacks. Instead, the driver uses the state-caching mechanism to store the
values. The driver must set thé VAL_ALWAYS_CACHElag on such attributes.

» Attributes that represent values that the driver recalculates upon each query have read
callbacks but no write callbacks. The read callback performs the recalculation of the
value. To ensure that the IVI engine always invokes the read callback, the driver must set
thelVI_VAL_NEVER_CACHEflag on such attributes.

In discussing the various callback types, the following sections assume that the attributes
represent instrument settings.

Read Callback

The read callback function for an attribute obtains the current setting for the attribute from the
instrument. Typically, this involves sending a query command to the instrument, reading the
response from the instrument, and interpreting the response. The IVI engine invokes the read
callback function when you request the current value of the attribute and the attribute cache
value is invalid.

If the instrument expresses the setting in units that are different from the units the driver uses,
the read callback must translate the value it receives from the instrument. For example,
oscilloscopes typically implement tfERTICAL_RANGHattribute in terms of

volts-per-division, whereas oscilloscope instrument drivers use values that represent the
overall voltage range. In this case, the read callback must translate volts-per-division values
into overall voltage range values.

If you do not want the IVI Library to invoke a read callback, spe¢gifWULL for the
readCallback parameter to thiwi_AddAttribute function.

Write Callback

The write callback function for an attribute is responsible for sending a new attribute setting
to the instrument. The VI engine invokes the write callback function when you specify a new
value for the attribute and the cache value is invalid or is not equal to the new value.

If the instrument expresses the setting in units that are different from the units the driver
uses, the write callback must translate the value before it sends it to the instrument. For
example, oscilloscopes typically implement YHeRTICAL_RANGHattribute in terms of
volts-per-division, whereas oscilloscope instrument drivers use values that represent the
overall voltage range. In this case, the read callback must translate voltage range values into
overall volts-per-division values.
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For example, if the instrument uses volts-per-division but the drive MESERICAL_RANGE
the read callback must translate WERTICAL_RANGEalue into a volts-per-division value
before it formats the instrument command string.

If you do not want the 1VI Library to invoke a write callback, spe®ifyNULL for the
writeCallback parameter to thiwi_AddAttribute function.

Check Callback

The check callback function for an attribute validates new values to which you attempt to set
the attribute.

The VI engine supplies default check callbacksviiit32 andViReal64 attributes. The

default check callbacks use the range table or range table callback for the attribute to validate
the value. The IVI engine automatically installs one of the default check callbacks when you
create &/ilnt32  orViReal64 attribute with a range table. It also installs the default check
callback when you install a range table callback for the attribute and the attribute does not
already have a check callback.

You can invoke the default check callback from your callback. If you want to add functionality
to one of the default check callbacks, install a check callback that performs the additional
functionality before or after callinyi_DefaultCheckCallbackVilnt32 or
Ivi_DefaultCheckCallbackViReal64

Coerce Callback

The IVI engine invokes the coerce callback function when you set an attribute to a new value.
The IVI engine invokes the coerce callback after it invokes the check callback. The job of the
coerce callback is to convert the value you specify into the value to send to the instrument.

In general, two cases exist in which an instrument driver must coerce attribute values. In these
cases, the instrument defines a set of discrete values for an attribute, and it is possible to map
a range of values onto each member of the discrete set. For example, a DMM might accept
define 10.0, 100.0, and 1,000.0 as the maximum reading voltage. If an user specifies 50.0 as
the maximum voltage, the correct action is to set the DMM to 100.0.

In the first case, the instrument itself coerces values in this manner. It accepts values from 1.0
t0 1,000.0 and coerces them to 10.0, 100.0 and 1,000.0. For the IVI state-caching mechanism
to work properly, the cache value for the attribute must reflect the coerced value in the
instrument. For this to occur, the instrument driver must coerce the value before it sends it to
the instrument. Thus, in the example, the instrument driver must coerce 50.0 to 100.0 and send
100.0 to the instrument. The IVI engine caches the coerced value, which in this example is
100.0.
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In the second case, the instrument does not coerce values. Instead, it accepts only the values
in the discrete set. Although you can write the instrument driver so that it accepts only the
discrete values, that is not feasible if you want the driver to comply with a standard class
definition. In the previous example, the DMM in question might accept only 10.0, 100.0, and
1,000.0. However, another DMM might accept 10.0, 50.0, 100.0, 500.0, and 1,000.0. A third
might accept a continuous range of values and coerce them to still another discrete set.
Standard class definitions handle such cases by allowing users to specify a continuous set of
values and requiring the instrument drivers to coerce them.

@ Note A third case exists that might seem to require value coercion but, in fact, does not.
In this case, the instrument expresses a setting in units that are different from the units
a class definition uses. For example, oscilloscopes typically implement the
VERTICAL_RANGHttribute in terms of volts-per-division, whereas the oscilloscope class
definition specifies values that represent the overall voltage range. The driver must
translate between volts-per-division and overall voltage range before it sends a new value
to the instrument and after it receives the current setting from the instrument. Thus, it is
best to do the translations in the read and write callbacks for the attribute.

The easiest way to implement coercion is through a coerced range table. You can

specify a coerced range table when you lealAddAttributeVilnt32 or
Ivi_AddAttributeViReal64 . When you do so, the IVI engine automatically installs a
default coerce callback that uses the range table. It also installs the default coerce callback
when you install a range table callback for the attribute and the attribute does not already have
a coerce callback.

You can invoke the default coerce callback from your own callback. If you want to add
functionality to one of the default coerce callbacks, install a coerce callback that performs the
additional functionality before or after calling_DefaultCoerceCallbackVilnt32 or
Ivi_DefaultCoerceCallbackViReal64

The IVI engine also supplies a default coerce callbackiftwolean attributes. The
callback coerces all nonzero value&/toTRUE (1) . The IVI engine always installs the
callback when you createvéBoolean attribute.

GenerallyVistring , ViSession , andViAddr attributes do not have coerce callbacks.
When you add one of these types of attributes, its coerce callbackiigLL .

Compare Callback

The IVI engine invokes the compare callback function for an attribute only when comparing
cache values it obtains from the instrument against new values to which you attempt to set the
attribute. The IVI engine invokes the compare callback after it invokes the check callback and
the coerce callback. If the compare callback determines that the two values are equal, the IVI
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engine does not call the write callback for the attribute. If the attribute does not have a
compare callback, the IVI engine makes the comparison based on strict equality.

When you create ¥iReal64 attribute, the IVl engine automatically installs a default
compare callback. The default compare callback uses the degree of precision you pass to
Ivi_AddAttributeViReal64 . The IVI engine installs the default compare callback for
ViReal64 attributes rather than comparing based on strict equality because of differences
between computer and instrument floating-point representations. RefeiGortiparison
Precisionsection earlier in this chapter for more information on the compare callback
function.

Typically, compare callbacks are necessary onlywiReal64 attributes.

Range Table Callback

The range table callback allows you to determine dynamically which static range table you
want to use for an attribute. It also allows you to modify the contents of a dynamic range table
that you create witlvi_RangeTableNew . Refer to theStatic and Dynamic Range Tables
section earlier in this chapter for more information on this topic.

The VI engine invokes the range table callback only whetvih@etAttrRangeTable

function executes. If the attribute has a range table callbadketAttrRangeTable

returns the range table pointer that the callback returns. Otherwise, it returns the range table
pointer you associate with the attribute when youlcalhddAttributeVilnt32 ,
Ivi_AddAttributeViReal64 , Orlvi_SetStoredRangeTablePtr

The IVI engine call$vi_GetAttrRangeTable from the default check and coerce callbacks
for viint32 andViReal64 attributes. If you install your own check or coerce callback
function, you can callvi_GetAttrRangeTable from your callback.

Session Callback Functions

The VI engine allows an instrument driver to install three callback functions that are global
to an entire 1VI session: operation complete, check status, and buffered 1/O.

Operation Complete Callback

The purpose of the operation complete callback is to wait until the instrument has finished
processing all pending operations. Many instruments cannot accept a command while
processing a previous one. If an instrument takes a long time to process an attribute setting,
the driver must avoid sending another command until the instrument is ready. By setting
IVI_VAL_WAIT_FOR_OPC_AFTER_WRITESor the attribute, the driver can cause the

IVI engine to invoke the operation complete callback after invoking the write callback for

the attribute.
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High-level instrument driver functions can call the operation complete callback directly. For
example, a high-level measurement function might use the operation complete callback to
wait until the instrument has completed an acquisition before attempting to retrieve the data
from the instrument.

The IVI engine invokes the operation complete callback in the following two cases:

« Before invoking the read callback for attributes for which the
IVI_VAL_WAIT_FOR_OPC_BEFORE_READS#ag is set

» After invoking the write callback for attributes for which the
IVI_VAL_WAIT_FOR_OPC_AFTER_WRITESlag is set

The operation complete callback is optional. By default, an VI session does not have an
operation complete callback. The driver can install an operation complete callback by calling
Ivi_SetAttributeViAddr with thelVI_ATTR_OPC_CALLBACKattribute.

The operation complete callback must have the following prototype:
ViStatus _VI_FUNC OPCcCallback(ViSession vi, ViSession io);

Check Status Callback

Most instruments have status registers and an error queue. The status register indicates
whether one or more errors are in the queue. Typically, the check status callback queries
the status registers to determine if the instrument has encountered an error. If it has,

the driver returns the/I_ERROR_INSTR_SPECIFIC error code. The user then calls

the Prefix_ error_query  function. ThePrefix_ error_query  function extracts
instrument-specific error information from the instrument’s error queue and returns it

to the user.

The IVI engine invokes the check status callback inth&etAttribute and
Ivi_GetAttribute functions. It does so only whenPaefix _SetAttribute function
passes the/I_VAL_DIRECT_USER_CALL flag inoptionFlags parameter of the
correspondingyvi_SetAttribute function.

The high-level functions in an instrument driver also invoke the check status callback.
They do so at the end of functions that make one or mioEetAttribute or
Ivi_GetAttribute calls or that perform direct instrument 1/O.

The user can disable the check status callback by setting the
IVI._ ATTR_QUERY_INSTR_STATUSattribute tovl_FALSE. The driver can disable the check
status callback for a particular attribute by setting¥hevAL_DONT_CHECK_STATUSlag.

The check status callback is optional. By default, an 1VI session does not have a
check status callback. The driver can install a check status callback by calling
lvi_SetAttributeViAddr with thelVI_ATTR_CHECK_STATUS_CALLBACHattribute.
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The check status callback must have the following prototype:
ViStatus _VI_FUNC CheckStatusCallback(ViSession vi, ViSession io);

Instruments without Error Queues

Some instruments have status registers but no error queue. All the error information is in the
status registers. The act of reading the status registers clears them. When the check status
callback queries the registers, it destroys the error information.

In this case, the check status callback must queue the error information in software so
that thePrefix_ error_query  function can return it. The IVI library contains functions
to manage the software error queue for a session. The check status callbacks calls
Ivi_QueuelnstrSpecificError to add the error information to the queue.

The Prefix _error_query  function first calldvi_InstrSpecificErrorQueueSize

to determine if the software queue is empty. If ifi&fix _error_query  calls the check
status callback and then checks the software queue size again. In either case, if there is an
error in the queueRrefix _error_query  callslvi_DequeuelnstrSpecificError

to extract the error information and then returns the error information to the user.

Buffered 1/0 Callback

The IVI engine allows an instrument driver to defer the transmission of new attribute values
during a sequence of callsitd SetAttribute functions. The driver does this by enabling
thelVI_ATTR_DEFER_UPDATEattribute. The VI engine does not call the write callbacks.
Instead, it keeps track of the deferred values. When the driveitallsdate , the 1VI

engine invokes the write callbacks for all the attributes that have deferred updates pending.

During the batch updat&i_Update  invokes the buffered I/O callback with several

different messages. This allows the instrument driver to buffer all the instrument commands
and to send the buffered commands all at once. For each session you create, the IVI engine
installs a default buffered 1/O callback that works for VISA 1/O.

The buffered I/O callback is optional. You can remove the default buffered I/O callback or
substitute another callback by callilvg SetAttributeViAddr on the
IVI_ATTR_BUFFERED_|IO_CALLBACKattribute.

The buffered I/O callback must have the following prototype:
ViStatus _VI_FUNC BufferedlOCallback(ViSession vi, lviMessage msg);
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Themsgparameter can be any of the values in Table 2-2.

Table 2-2. Possible Values for the msg Parameter

Defined Constant When Ivi_Update Sends the Message

IVI_MSG_START_UPDATE | At the beginning of the batch update.

IVI_MSG_END_UPDATE At the end of the batch update.

IVI_MSG_SUSPEND Before invoking the operation complete and check status
callbacks and before invoking a read callback when a
write callback callsvi_GetAttribute

IVI_MSG_RESUME After invoking the operation complete and read callbacks.

IVI_MSG_FLUSH After invoking the write callback for an attribute for whigh
thelVI_VAL_FLUSH_ON_WRITEflag is set and at the engd
of the batch update if any write callbacks executed after
the most recent flush message.

The buffered 1/O callback can receive multiple, nestédSG_SUSPENDand
IVI_MSG_RESUMEMessages.

For more information, refer to thigeferred Updatesection later in this chapter and to the
function description folvi_Update  in theLabWindows/CVI Online Help

Channels

Many instruments have multiple channels. Some attributes apply to the instrument as a whole,
while other attributes apply to each specific channel. For a few instruments, some attributes
apply to only a subset of the available channels.

Each instrument driver that supports multiple channels must declare names for the channels.
Each name is in the form of a string and is calletlannel string The driver calls the
Ivi_BuildChannelTable function to declare the channel strings during the initialization

of the IVI session. If, for some reason, the driver wants to declare additional channels later,
it can calllvi_AddToChannelTable . The driver can replace the list of channel strings by
calling Ivi_BuildChannelTable again.

Instrument drivers that do not support multiple channels must also call
Ivi_BuildChannelTable . By convention, all such drivers declare one channel with the
name 1”.
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An attribute that applies separately to each channel is catleginmel-basedattribute. The

driver marks channel-based attributes by settingMh&AL_MULTI_CHANNEL flag for the
attribute when it calls the appropriate AddAttribute function. This is true even for
attributes that apply to only a subset of channels. To declare a subset of channels to which
an attribute applies, the driver cals RestrictAttrToChannels after calling
Ivi_BuildChannelTable . To determine if an attribute applies to a particular channel,

call Ivi_ValidateAttrForChannel

Virtual Channel Names

Each instrument driver specifies its own set of set of valid channel strings. If an application
program opens an VI session through a class instrument driver, the program expects to work
with any specific instrument driver that complies with the class. Each specific driver, however,
can have a different set of channel strings. To allow the application program to use one set of
channel names for all possible specific drivers, IVI has the conceptrtda channel name

The user can specify a mapping between specific driver channel strings and virtual channel
names in thévi.ini configuration file by using National Instruments Measurement &
Automation Explorer. The application program can then reference the virtual channel names
rather than specific driver channel strings.

Refer to theConfiguration Entriesection later in this chapter for more information on the
ivi.ini configuration file.

Passing Channel Names to IVl Functions

Many IVI Library functions, including th&vi_Get/Check/SetAttribute functions,

have achannelNameparameter. When you call one of these function for a channel-based
attribute, you must pass a valid channel string or virtual channel name étiatimeelName
parameter. When you call one of these functions on an attribute that is not channel-based, you
must pas¥I_NULL or an empty string.

Coercing and Validating Channel Names

If you pass a virtual channel name to one ofith&et/Check/SetAttribute functions,
the VI engine converts the virtual channel name into a specific driver channel string before
invoking a read, write, check, coerce, compare, or range table callback function.

If a user-callable instrument driver function uses channel strings directly, it must call the
Ivi_CoerceChannelName  to validate the channel name parameter it receives. If the user
passes a virtual channel nanwe,CoerceChannelName  converts it to specific driver
channel string.
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High-Level Driver Functions

Most of the discussion in this chapter focuses on the VI attribute model, callbacks, and
state-caching mechanism. These concepts are important for the low-level implementation
of instrument drivers. Most users, however, think in terms of actions such as measure or
configure channel, rather than setting individual attributes. To provide a user-friendly API,
instrument drivers must provide high-level functions that set and/or get the values of multiple
instrument attributes. Depending on the instrument, it is often necessary to set related
attributes in a particular order. The high-level functions handle these order dependencies.
Examples of high-level functions afe45_Measure , FL45_Configure , and
FL45_ConfigureTrigger

IVI provides standardized interfaces for implementing range checking, status checking,
simulation, and multithread safety. Users can enable or disable range checking, status
checking, and simulation. Users also can use one instrument session in multiple execution
threads. The IVI engine does as much as it can to implement these user capabilities. The
high-level functions in each driver also must help implement these capabilities. The next four
sections in this chapter explain what the 1VI engine does to implement the user capabilities
and what the high-level driver functions must do.

Chapter 8Programming Guidelines for Instrument Drivetontains guidelines and

example code that illustrates how high-level functions implement the user capabilities. Also,
if you use thelTools»Create IVI Instrument Driver command to generate an instrument
driver, the resulting instrument driver source code contains skeleton code for high-level
functions. The skeleton code follows these guidelines.

Range Checking

IVI provides users with the ability to enable or disable range checking. Range checking is
most useful during debugging. After users validate their programs, they can disable range
checking to maximize performance. By default, range checking is enabled. The user disables
range checking by setting thd_ATTR_RANGE_CHECKattribute tovI_FALSE or by setting
theRangeCheck tag in theoptionsString parameter oPrefix _InitWithOptions to

VI_FALSE.

The IVI engine honors th&l_ ATTR_RANGE_CHECKattribute when you call one of the
Ivi_SetAttribute functions. The IVI engine calls the check callback for the attribute
only if IVI_ATTR_RANGE_CHECHKs VI_TRUE. If a high-level function passes all its
configuration parameters tad_SetAttribute functions, it does not have to do any range
checking on its own.
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Sometimes, however, a high-level function must implement range checking for certain
parameters. In that case, the high-level function must range check only if
IVI_ATTR_RANGE_CHECHKsVI_TRUE. The IVI Library contains thivi_RangeChecking
function so that the high-level function can quickly determine the state of the
IVI_ATTR_RANGE_CHECKattribute.

Status Checking

Most instruments support the ability to query the instrument’s status. The instrument returns
an indication of whether it has encountered any errors. IVI instrument drivers have the ability
to check the instrument status after every function that interacts with the instrument. VI
provides users with the ability to enable or disable status checking. Status checking is most
useful during debugging. After users validate their programs, they can disable status checking
to maximize performance. By default, status checking is enabled. The user disables status
checking by setting theyl_ ATTR_QUERY_INSTR_STATUSattribute tovi_FALSE

or by setting th&ueryinstrStatus tag in theoptionsString parameter of

Prefix _InitWithOptions toVI_FALSE.

An instrument driver defines a check status callback to encapsulate the code that queries the
instrument status and interprets the response. Refer @hthek Status Callbadection
earlier in this chapter for more information.

The IVI engine invokes the check status callback only when a user calls one

of the Prefix_ SetAttribute or Prefix_  GetAttribute functions that an

instrument driver exports. The instrument driver marks these calls by passing the
IVI_VAL_DIRECT_USER_CALL flag to thelvi_SetAttribute or lvi_GetAttribute

function. In this case, the VI engine invokes the check status callback after it invokes the read
or write callback but only if the/I_ATTR_QUERY_INSTR_STATUSattribute isvl_TRUE.

When other instrument driver functions call thie SetAttribute or

Ivi_GetAttribute functions, the IVI engine doemt invoke the check status callback.
Because high-level functions often make multiple calls tovih8etAttribute and
Ivi_GetAttribute functions, invoking the check status callback each time would be very
wasteful. Consequently, the high-level functions must invoke the check status callback before
returning. They must do so only if thd_ATTR_QUERY_INSTR_STATUSattribute is

VI_TRUE and only if instrument 1/0O has actually occurred. Instrument I/O occurs when a
high-level function performs direct instrument 1/O or when calls tovinBetAttribute

functions invoke write callbacks because the cache values are invalid or not equal to the
requested values.

The IVI Library contains théi_QuerylnstrStatus function that instrument drivers can

call to determine whether thel_ATTR_QUERY_INSTR_STATUSattribute isvI_TRUE. It

also contains thei_NeedToCheckStatus function that instrument drivers can call to
determine whether any instrument interaction has occurred since the last time the driver or the
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engine invoked the check status callback. To help drivers maintain this information, the VI
Library contains thévi_SetNeedToCheckStatus function. After an instrument driver
performs status checking, it must dail SetNeedToCheckStatus with VI_FALSE.

Before it performs direct instrument 1/O, it must daill SetNeedToCheckStatus

with VI_TRUE. If you use the&Create VI Instrument Driver command to generate a

driver based on a class definition, the initial instrument driver source code contains a
Prefix_ CheckStatus function that handles these requirements. The skeleton code for the
high-level functions call®refix_ CheckStatus

Simulation

IVI provides users with the ability simulate an instrument. This is useful when the instrument
is not available, for example, when the user develops a test program concurrently with the
development of the test system hardware. By default, simulation is disabled. The user enables
simulation by setting th&/I_ATTR_SIMULATE attribute tovi_TRUE or by setting the

Simulate tag in theoptionsString parameter of th@refix _InitwithOptions to

VI_TRUE.

The IVI engine handles simulation for attributes automatically. For all attributes,

range checking and coercion still occur. When simulation is enabled and the
IVI_VAL_USE_CALLBACKS_FOR_SIMULATIONflag is not set for the attribute, the VI

engine refrains from calling read and write callbacks. Instead, it merely records the values
you set, and it returns these when you query the attribute. If, when you query the attribute,
you have not yet set it to a value, the VI engine returns the default value the driver passes to
the appropriatévi_AddAttribute function.

If a high-level function consists of nothing it SetAttribute or lvi_GetAttribute

calls and does not return any values other than the status code, the high-level function does
not have to take any action to support simulation. If however, the high-level function performs
direct instrument I/O, it must refrain from doing so WRENnATTR_SIMULATE isVI_TRUE.

Also, if the high-level function returns values, it must simulate values if both
IVI_ATTR_SIMULATE andIVI_ATTR_USE_SPECIFIC_SIMULATION areVIl_TRUE. The

IVI Library contains thevi_Simulating andlvi_UseSpecificSimulation functions

that the high-level function can call to quickly determine the state of the
IVI_ATTR_SIMULATE andIVI_ATTR_USE_SPECIFIC_SIMULATION attributes.

A Caution The instrument driver must ensure that no instrument I/O occurs when simulation
is enabled. The instrument driver, therefore, must be careful not to perform instrument 1/0
in callbacks or internal functions that might execute even when simulation is enabled. This
includes check callbacks and coerce callbacks.
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Multithread Safety

Users can use VI instrument drivers in multithreaded applications. Multiple execution
threads can use the same VI instrument session without interfering with each other.

To make this work, VI provides a way to lock and unlock an IVI session. The IVI Library
contains thevi_LockSession andlvi_UnlockSession functions. Instrument drivers

export these functions #@%efix LockSession andPrefix_ UnlockSession . The IVI

engine, instrument drivers, and user applications all must use the lock and unlock capabilities
to enable safe multithreaded access to an IVI session.

Most IVI Library functions lock the VI session on entry and unlock it on exit. Some VI
functions do not lock the session because they do not take an IVI session as a parameter.
Others, such dsi_RangeChecking  andivi_Simulating , do not lock the session so that

they can execute as fast as possible. An instrument driver must not call these optimized
functions unless the driver has already locked the session. The descriptions for the optimized
functions note that restriction.

In general, the user-callable functions in an instrument driver must lock the VI session on
entry and unlock it on exit. Therefix_ init andPrefix_  InitWithOptions functions

do not lock the session. When these functions execute, the user does not yet have the IVI
session handle to use in other execution threadsPrfig . close function locks the
session on entry but must unlock it before callingDispose

By locking the session, the instrument driver functions ensure that no other execution thread
can act on the session. In very high-level functions, this is sufficient. For instance, in a
function that configures the instrument and takes a measurement, locking the session ensures
that no other thread can disturb the instrument configuration before the function completes
the measurement. In this case, the user application does not have to lock the session to ensure
multithread safety.

In other cases, however, the user application must ugedfie LockSession and

Prefix_ UnlockSession  to protect the state of the instrument from other threads. If, for
instance, the application program calls a configure function and then a read function, the
application must lock the session before the configure and unlock it after the read. Otherwise,
another thread could change the configuration between the time the program configures the
instrument and the time the instrument takes the reading.

Notice that application programs have to useRtefix _LockSession and

Prefix _UnlockSession  functionsonly if two or more threads use the same VI session.

In contrast, instrument drivers and the 1VI Library always lock and unlock the session in case
the application that uses them is multithreaded.
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f Caution Multiple processes cannot use the same VI session.

IVI doesnot prevent the same process or different processes from opening multiple
sessions to the same physical device. The current version of IVI does not provide any
capabilities to coordinate access to the same physical device from multiple 1VI sessions.
Do not open multiple VI sessions to the same physical resource.

Deferred Updates

When a high-level driver function makes multiple calls tath&etAttribute functions,
it can postpone the actual transmission of the new attribute values to the instrument. Later, the
driver can cause all the updates to occur at once. This capability isdefégdng updates

Typically, it is not necessary to defer updates. Deferring updates can be useful in cases where
the overhead of initiating instrument 1/O is very high. By deferring the updates, you can buffer
multiple instrument commands into one 1/O action.

You defer attribute updates by setting e ATTR_DEFER_UPDATEattribute tovl_TRUE

and then calling any of thei_SetAttribute functions one or more times. You call the
Ivi_Update function to process the deferred updatésUpdate  performs the updates in

the same order in which you called thie SetAttribute functions. Deferral of updates

is a capability for instrument driver developers, not users. Instrument driver functions that the
user can call must never leaw® ATTR_DEFER_UPDATEIn the enabled state.

When you call one of thei_SetAttribute functions on a particular attribute,

it checks the state of thel_ATTR_DEFER_UPDATEattribute and the state of the
IVI_VAL_NO_DEFERRED_UPDATHag for the attribute you are trying to set. If
IVI_ATTR_DEFER_UPDATEIs enabled and th&I_VAL_NO_DEFERRED_UPDATHag is 0,
thelvi_SetAttribute function performs only the following actions:

*  Checks that the attribute is writable

» Checks the validity of the value you specify
« Coerces the value, if appropriate

» Posts a deferred update

You can callvi_AttributeUpdatelsPending to determine whether an attribute has a
deferred update pending on a particular channel.

When you callvi_Update , it performs all the deferred updates for the session in the order
in which the calls to thivi_SetAttribute functions occurred. Depending on the

I/0 method the specific driver uses to communicate with the instrument, the driver might
have to configure some 1/O buffering capabilities at certain points during the processing
of the updatedvi_Update  handles this by calling the buffered I/O callback for the
session with various messages during the update process. By default, the IVI Library

© MNational Instruments Corporation 2-35 LabWindows/CVI Instrument Driver Guide



Chapter 2 VI Architecture Overview

installslvi_DefaultBufferedlOCallback as the buffered I/O callback.
Ivi_DefaultBufferedlOCallback works for instrument drivers that use VISA I/O.
You can change or remove the buffered 1/0 callback by setting the
IVI_ATTR_BUFFERED_IO_CALLBACKattribute.

For detailed information on whiai_Update  andivi_DeferredBufferediOCallback
do, refer to thévi_Update  function description in theabWindows/CVI Online Help

Configuration Entries

When a user opens an VI session through a class driver, the class driver must be able to
determine which specific instrument driver to use. The IVI engine uses a special configuration
file for this purpose. The name of the file is alwayi . You configure thévi.ini

with Measurement & Automation Explorer.

The configuration file allows the user to swap instruments without modifying, recompiling, or
relinking the application program. The configuration file also allows the user to set the initial
values for inherent VI attributes suchliss ATTR_CACHE andIVI_ATTR_RANGE_CHECK
without modifying the application program.

By default, the IVI engine looks favi.ini in theNlivi  directory under the
VXI plug&play framework directory. The IVI Library contains thé SetlvilniDir
function, which allows programs to specify a different location.

In some cases, the user might not want to rely on a configuration file. The IVI Library contains
functions that create run-time configuration entries just like the configuration entries the VI

engine reads from the configuration file. The library also contains a function that writes the
run-time configuration entries to a file.

LabWindows/CVI Instrument Driver Guide 2-36 www.ni.com



Inherent IVI Attributes

Chapter 2 VI Architecture Overview

The inherent IVI attributes are the attributes that the VI engine defines for all IVI sessions.
The inherent IVI attributes are grouped into categories. The following list shows the 1VI

attributes in their categories.

5

Note Some of the inherent attribute names are subject to change by the IVI Foundation.

Refer to the release notes for the latest information regarding these attributes.

Category or Attribute
Session I/O
VISA Resource Manager Session
Instrument I/O Session
Session Callbacks
Check Status Callback
Operation Complete Callback
Buffered I/O Callback
Deferring Instrument Updates
Defer Update
Return Deferred Values
Updating Values
User Options
Range Check
Query Instrument Status
Cache
Simulate
Record Value Coercions
Driver Setup
Class Drivers Only
Interchangeability Check
Spy
Session Info
Specific Driver Prefix
Specific Driver Module Pathname
Resource Descriptor
Logical Name
Class Driver Prefix
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Defined Constant

IVI_ATTR_VISA_RM_SESSION
IVI_ATTR_IO_SESSION

IVI_ATTR_CHECK_STATUS_CALLBACK
IVI_ ATTR_OPC_CALLBACK
IVI_ATTR_BUFFERED_|O_CALLBACK

IVI_ ATTR_DEFER_UPDATE
IVI_ ATTR_RETURN_DEFERRED_VALUES
IVI_ATTR_UPDATING_VALUES

IVI_ATTR_RANGE_CHECK
IVI_ATTR_QUERY_INSTR_STATUS
IVI_ATTR_CACHE
IVI_ATTR_SIMULATE

IVI_ ATTR_RECORD_COERCIONS
IVI_ATTR_DRIVER_SETUP

IVI_ATTR_INTERCHANGE_CHECK
IVI_ATTR_SPY

IVI_ATTR_SPECIFIC_PREFIX
IVI_ATTR_MODULE_PATHNAME

IVI_ ATTR_RESOURCE_DESCRIPTOR
IVI_ ATTR_LOGICAL_NAME
IVI_ATTR_CLASS_PREFIX
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Category or Attribute Defined Constant

Instrument Capabilities
Supports VISA Buffered Writes IVI_ATTR_SUPPORTS_WR_BUF_OPER_MODE
Number of Channels IVI_ATTR_NUM_CHANNELS
Class Group Capabilities IVI_ATTR_GROUP_CAPABILITIES

Version Info
Driver Major Version IVI_ATTR_DRIVER_MAJOR_VERSION
Driver Minor Version IVI_ATTR_DRIVER_MINOR_VERSION
Driver Revision IVI_ATTR_DRIVER_REVISION
Class Major Version IVI_ATTR_CLASS_MAJOR_VERSION
Class Minor Version IVI_ATTR_CLASS_MINOR_VERSION
Class Revision IVI_ ATTR_CLASS_REVISION
Engine Major Version IVI_ATTR_ENGINE_MAJOR_VERSION
Engine Minor Version IVI_ATTR_ENGINE_MINOR_VERSION
Engine Revision IVI_ATTR_ENGINE_REVISION

Error Info
Primary Error IVI_ATTR_PRIMARY_ERROR
Secondary Error IVI_ATTR_SECONDARY_ERROR
Error Elaboration IVI_ATTR_ERROR_ELABORATION

e The Session I/O category contains attributes you use to perform instrument 1/O in a
specific instrument driver.

e The User Options category contains attributes that the user can set to affect the behavior
of instrument drivers and the IVI engine.

e The Session Info category contains attributes that provide information about the
instrument driver that created the session and the physical resource it is using.

* The Instrument Capabilities category contains attributes that describe various capabilities
of the instrument and the driver. The VI engine requires some of this information. Other
attributes are useful for application programs.

* The Version Info category contains attributes that provide version information about the
instrument driver and the IVI engine.

e The Error Info category contains attributes for reporting and retrieving error information.
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Inherent Attribute Reference

This section contains detailed descriptions of the inherent VI attributes. The attributes are
arranged alphabetically. The description of each attribute indicates restrictions on its use.
Specific instrument driver include files must not export any inherent attributes that are marked
as hidden from the user.

IVI_ATTR_BUFFERED_I0_CALLBACK

Data Type: ViAddr
Restrictions: Hidden from user

Specifies the buffered I/O callback for the session. The buffered 1/O callback responds to the
messages thati_Update  sends when it processes deferred updates for the session. The
default value isvi_DefaultBuffered| /OCallback , which works for instruments that

use VISA /0.

Set the value t¥I_NULL if you do not want a buffered 1/O callback.

IVI_ATTR_CACHE

Data Type: ViBoolean
Restrictions: None

Specifies whether to cache the value of attributes. When caching is enabled, the VI engine
keeps track of the current instrument settings so that it can avoid sending redundant
commands to the instrument. This can significantly increase execution speed.

The user specifies the valuelgf ATTR_CACHE. For a particular attribute, however, the
driver can override the value bfi_ATTR_CACHE by setting theVl_VAL_NEVER_CACHE
or IVI_VAL_ALWAYS_CACHHlag for the attribute.

The default value i91_TRUE. Instrument drivers provideRrefix_  InitWithOptions
function to allow the user to override this value.

IVI_ATTR_CHECK_STATUS_CALLBACK

Data Type: ViAddr
Restrictions: Hidden from user

Specifies the check status callback for the session. The check status callback queries the
instrument status.

If the user enables thel_ATTR_QUERY_INSTR_STATUSattribute, the specific driver calls
the check status callback at the end of each user-callable function that interacts with the
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instrument. The VI engine invokes the check status callback when the user calls one of the
Prefix_  SetAttribute or Prefix_  GetAttribute functions that the driver provides.

The default value i81_NULL . Leave the value ad4_NULL if you do not want a check status
callback.

IVI_ATTR_CLASS_MAJOR_VERSION

Data Type: Vilnt32
Restrictions: Not writable by user

The major version number of the class instrument driver.
The class driver sets the value of this attribute.

If the user opens an instrument session through a specific driver, the IVI engine generates an
error whenever you attempt to set or get this attribute.

IVI_ATTR_CLASS_MINOR_VERSION

Data Type: Vilnt32
Restrictions: Not writable by user

The minor version number of the class instrument driver.
The class driver sets the value of this attribute.

If the user opens an instrument session through a specific driver, the IVl engine generates an
error whenever you attempt to set or get this attribute.

IVI_ATTR_CLASS_PREFIX

Data Type: ViString
Restrictions: Read-only

The prefix for the class instrument driver. The prefix can be up to a maximum of
eight characters.

The name of each user-callable function in the class driver begins with this prefix. For
example, if a class driver has a user-callable function n&rnmedm_init , lviDmm is the
prefix for that driver.

If the user opens an instrument session through a specific driver, the IVI engine generates an
error whenever you attempt to set or get this attribute.
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IVI_ATTR_CLASS_REVISION

Data Type: ViString
Restrictions: Not writable by user

A string that contains additional version information about the class instrument driver.
The class driver sets the value of this attribute.

If the user opens an instrument session through a specific driver, the IVI engine generates an
error whenever you attempt to set or get this attribute.

IVI_ATTR_DEFER_UPDATE

Data Type: ViBoolean
Restrictions: Hidden from user

This attribute specifies whether to defer the actual updating of the physical instrument when
you call anlvi_SetAttribute function. If so, the IVI engine performs all the deferred
updates for the session when you tallupdate

Typically, it is not necessary to defer updates. Deferring updates can be useful when the
overhead of initiating instrument I/O is very high. By deferring updates, you can buffer
multiple instrument commands into one 1/O action.

Only instrument driver developers use this attribute, and they do so on a temporary basis
around a sequence of callg\o SetAttribute functions. Instrument driver functions that
the user calls must never return witth ATTR_DEFER_UPDATEIn the enabled state.

The default value i91_FALSE.

IVI_ATTR_DRIVER_MAJOR_VERSION

Data Type: Vilnt32
Restrictions: Not writable by user

The major version number of the specific instrument driver.

The specific driver sets the value of this attribute.
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IVI_ATTR_DRIVER_MINOR_VERSION

Data Type: Vilnt32
Restrictions: Not writable by user

The minor version number of the specific instrument driver.

The specific driver sets the value of this attribute.

IVI_ATTR_DRIVER_REVISION

Data Type: ViString
Restrictions: Not writable by user

A string that contains additional version information about the specific instrument driver.

The specific driver sets the value of this attribute.

IVI_ATTR_DRIVER_SETUP

Data Type: ViString
Restrictions: Read-only, hidden from user

Some cases exist where the user must specify instrument driver options at initialization time.
An example of this is specifying a particular instrument model from among a family of
instruments that the driver supports. This is useful when using simulation. The user can
specify driver-specific options through tbeiverSetup  keyword in theoptionsString

parameter to th€refix_  InitWithOptions function. If the user opens an instrument
session by passing a logical name, the user also can specify the optiongi.inithe
configuration file.

The default value is an empty string.

IVI_ATTR_ENGINE_MAJOR_VERSION

Data Type: Vilnt32
Restrictions: Read-only

The major version number of the VI engine.

The IVI engine sets the value of this attribute.
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IVI_ATTR_ENGINE_MINOR_VERSION

Data Type: Vilnt32
Restrictions: Read-only

The minor version number of the 1VI engine.
The IVI engine sets the value of this attribute.

IVI_ATTR_ENGINE_REVISION

Data Type: ViString
Restrictions: Read-only

A string that contains additional version information about the VI engine.
The IVI engine sets the value of this attribute.

IVI_ATTR_ERROR_ELABORATION

Data Type: ViString
Restrictions: None

An optional string that gives additional information that concerns the primary error condition.

IVI_ATTR_FUNCTION_CAPABILITIES

Data Type: ViString
Restrictions: Not writable by user

A comma-separated string that identifies the class functions that the specific instrument driver

implements.
IVI_ATTR_GROUP_CAPABILITIES
Data Type: ViString

Restrictions: Not writable by user

A comma-separated string that identifies the instrument class and the class-extension groups
that the specific instrument driver implements.
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IVI_ATTR_INTERCHANGE_CHECK

Data Type: ViBoolean
Restrictions: None

Specifies whether the class driver performs interchangeability checking. Each instrument
class specification defines the rules for interchangeability checking for that class.

The user specifies the valuelgf ATTR_INTERCHANGE_CHECK

The default value i91_TRUE. When the user opens an instrument session through a class
driver, the user can override the default value by specifying a valueiin.ithie
configuration file.

If the user opens an instrument session through a specific driver, the IVl engine generates an
error whenever you attempt to set or get this attribute.

IVI_ATTR_IO_SESSION

Data Type: ViSession
Restrictions: Not writable by user

Specifies the I/O session that the specific driver uses to communicate with the instrument.

If a specific driver uses VISA instrument I/O, it passes the value of the
IVI_ATTR_VISA_RM_SESSION attribute to theiOpen function and sets the
IVI_ATTR_IO_SESSION attribute to the VISA session handle thiétpen returns.

The IVI engine passes the valuewf ATTR_IO_SESSION to the read and write callbacks
the specific driver installs for its attributes. TihelOSession  function provides
convenient access to the value of this attribute.

IVI_ATTR_LOGICAL_NAME

Data Type: ViString
Restrictions: Read-only

When opening an IVI session through a class driver, the user passes a logical name to the class
driver initialization function. Thévi.ini configuration file must contain an entry for the

logical name. The logical name entry referstataal instrumensection in the configuration

file. The virtual instrument section specifies a physical device and a specific instrument driver.
By assigning the name of a different virtual instrument section to the logical name in the
configuration file, the user can swap one instrument for another without changing source code
or recompiling or relinking the application program. This attribute indicates the logical name
the user specified when opening the current VI session.
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IVI_ATTR_MODULE_PATHNAME

Data Type: ViString
Restrictions: Read-only

If the user opens the IVI session through a class driver, this attribute indicates the pathname
the class driver uses to find the specific driver module file.

If the user opens an instrument session through a specific driver, the IVI engine generates an
error whenever you attempt to set or get this attribute.

IVI_ATTR_NUM_CHANNELS

Data Type: Vilnt32
Restrictions: Read-only

Indicates the number of channels that the specific instrument driver supports.

The specific driver declares the strings it uses to identify the channels by calling the
Ivi_BuildChannelTable function during initialization of the IVI session. It does not
set this attribute directly.

For each attribute for which theél_VAL_MULTI_CHANNEL flag is set, the IVI engine
maintains a separate cache value for each channel.

IVI_ATTR_OPC_CALLBACK

Data Type: ViAddr
Restrictions: Hidden from user

Specifies the operation complete callback for the session. The operation complete callback
waits until all pending instrument operations are complete.

If the IVI_VAL_WAIT_FOR_OPC_AFTER_WRITESIag is set for the attribute, the IVI engine
invokes the operation complete callback after invoking the write callback.

If the IVI_VAL_WAIT_FOR_OPC_BEFORE_READ#ag is set for the attribute, the IVI engine
invokes the operation complete callback before invoking the read callback.

The default value i91_NULL . Leave the value ad_NULL if you do not want an operation
complete callback.
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IVI_ATTR_PRIMARY_ERROR

Data Type: Vilnt32
Restrictions: None

A code that describes the first error that occurred since the last céli@etErrorinfo

on the session. The value follows the ¥Kig&play completion code conventions. A

negative value describes an error condition. A positive value describes a warning condition
and indicates that no error occurred. A zero indicates that no error or warning occurred. The
error and warning values can be status codes defined by VI, VISA, class drivers, or specific
drivers.

IVI_ATTR_QUERY_INSTR_STATUS

Data Type: ViBoolean
Restrictions: None

Specifies whether the instrument driver queries the instrument status after each user
operation. The driver does so by calling the check status callback at the end of each
user-callable function that interacts with the instrument. The IVI engine also invokes the
check status callback when the user calls one oPtdféex SetAttribute or

Prefix_  GetAttribute functions that the instrument driver provides. Querying the
instrument status is very useful for debugging. After validating the program, the user can set
this attribute to/I_FALSE to disable status checking and maximize performance.

The user specifies the valuel'df ATTR_QUERY_INSTR_STATUS The driver, however, can
prevent the IVI engine from invoking the check status callback on a particular attribute by
setting thaVil_VAL_DONT_CHECK_STATUSIag for the attribute.

The default value i91_TRUE. Specific drivers provide Arefix_  InitWithOptions

function to allow the user to override this value. When the user opens an instrument session
through a class driver, the user can override both of these values by specifying a value in the
ivi.ini configuration file.

Thelvi_QuerylnstrStatus function provides convenient access to the value of this
attribute.

IVI_ATTR_RANGE_CHECK

Data Type: ViBoolean
Restrictions: None

Specifies whether to validate attribute values and function parameters. If enabled, the
instrument driver validates the parameter values that users pass to driver functions, and the
IVI engine validates values that the driver or users paSstidtribute functions. The

IVI engine uses the range table, range table callback, or check callback for each attribute to
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validate its values. Range checking parameters is useful for debugging. After validating the
program, the user can set this attributélta-ALSE to disable range checking and maximize
performance.

The user specifies the valuelgf ATTR_RANGE_CHECK

The default value i91_TRUE. Specific drivers provide Brefix_  InitwithOptions

function to allow the user to override this value. When the user opens an instrument session
through a class driver, the user can override both of these values by specifying a value in the
ivi.ini configuration file.

Thelvi_RangeChecking  function provides convenient access to the value of this attribute.

IVI_ATTR_RECORD_COERCIONS

Data Type: ViBoolean
Restrictions: None

Specifies whether the IVI engine keeps a list of the value coercions it mak@éstkx and
ViReal64 attributes.

If the driver provides a coerced range table, a range table callback that returns a coerced range
table, or a coerce callback for an attribute, the IVI engine can coerce the values you specify
for the attribute to canonical values the instrument accepts.

If the IVI_ATTR_RECORD_COERCIONA@ttribute is enabled, the VI engine maintains a
record of each coercion. The user callsRhafix _GetNextCoercionRecord function in
the specific driver to extract and delete the oldest coercion record from the list.

The user specifies the valuelgf ATTR_RECORD_COERCIONS

The default value i91_FALSE . Specific drivers provide Brefix_  InitWithOptions

function to allow the user to override this value. When the user opens an instrument session
through a class driver, the user can override both of these values by specifying a value in the
ivi.ini configuration file.

IVI_ATTR_RESOURCE_DESCRIPTOR

Data Type: ViString
Restrictions: Read-only

If the user opens the VI session through a class driver, this attribute indicates the resource
descriptor the class driver uses to identify the physical device to the specific driver.
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If the user opens an instrument session through a specific driver, the IVI engine generates
anlVI_ERROR_NOT_CREATED_BY_CLAS&ror whenever you attempt to set or get this
attribute.

IVI_ATTR_RETURN_DEFERRED_VALUES

Data Type: ViBoolean
Restrictions: Hidden from user
When you callvi_GetAttribute on an attribute that has a deferred update pending, this

attribute specifies whether the 1VI engine returns the deferred value or the value that
represents the actual state of the instrument.

The driver can prevent the IVI engine from returning deferred values for a particular attribute
by setting théVi_VAL_DONT_RETURN_DEFERRED_VALUtag for the attribute.

The default value i¥1_TRUE.

IVI_ATTR_SECONDARY_ERROR

Data Type: Vilnt32
Restrictions: None

An optional code that provides additional information that concerns the primary error
condition. The error and warning values can be status codes defined by VI, VISA, class
drivers, or specific drivers. Zero indicates no additional information.

IVI_ATTR_SIMULATE

Data Type: ViBoolean
Restrictions: None

Specifies whether to simulate instrument driver 1/O operations. If simulation is enabled,
specific instrument driver functions perform range checking andvcatietAttribute
andlvi_SetAttribute functions, but they do not perform instrument I/O. The IVI engine
does not invoke the read and write callbacks for attributes, except when the
IVI_VAL_USE_CALLBACKS_FOR_SIMULATIONflag is set for an attribute.

For output parameters that represent instrument data, the instrument driver functions return
hard-coded values. If the user opens the session through a class driver, the class driver loads
a special simulation driver to generate output data in a more sophisticated manner unless the
user sets the/I_ATTR_USE_SPECIFIC_SIMULATION attribute tovl_TRUE.

The user sets the valuelgf_ ATTR_SIMULATE .
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The default value i91_FALSE. Specific drivers provide Brefix_  InitWithOptions

function to allow the user to override this value. When the user opens an instrument session
through a class driver, the user can override both of these values by specifying a value in the
ivi.ini configuration file.

Thelvi_Simulating function provides convenient access to the value of this attribute.

IVI_ATTR_SPECIFIC_PREFIX

Data Type: ViString
Restrictions: Read-only

The prefix for the specific instrument driver. The prefix can be up to a maximum of
eight characters.

The name of each user-callable function in the specific driver begins with this prefix. For
example, if the Fluke 45 driver has a user-callable function n&Ed init  , FL45 is the
prefix for that driver.

IVI_ATTR_SPY

Data Type: ViBoolean
Restrictions: None

Specifies whether the class driver uses the NI-Spy utility to record calls to class driver
functions.

The user specifies the valuelgf ATTR_SPY.

The default value i91_FALSE. When the user opens an instrument session through a class
driver, the user can override the default value by specifying a valueiii.itie
configuration file.

If the user opens an instrument session through a specific driver, the IVI engine generates
anlVI_ERROR_NOT_CREATED_BY_CLAS&ror whenever you attempt to set or get this

attribute.
IVI_ATTR_SUPPORTS_WR_BUF_OPER_MODE
Data Type: ViBoolean

Restrictions: Hidden from user

A specific driver sets this attribute to indicate whether the instrument can
accept commands and data that the driver sends to it using VISA buffered I/O. The
Ivi_DefaultBufferedlOCallback function uses this information to determine whether
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it must temporarily modify certain VISA 1/0 options while thé Update  function
processes deferred updates.

The default value i¥1_FALSE.

IVI_ATTR_UPDATING_VALUES

Data Type: ViBoolean
Restrictions: Read-only, hidden from user

Returnsvl_TRUE if and only if thelvi_Update  function is currently processing deferred
updates for the session.

IVI_ATTR_VISA_RM_SESSION

Data Type: ViSession
Restrictions: Read-only, hidden from user

If a specific driver uses VISA instrument I/O, it passes the value of this attribute to the
viOpen function during initialization. TheiOpen function returns an instrument 1/0
session, which the driver stores in the ATTR_IO_SESSION attribute.
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This chapter explains the proper procedure for developing an instrument driver.

The first part of this chapter describes how to use the Instrument Driver Development Wizard

to generate instrument driver files. When you use the wizard with the built-in, predefined
instrument driver templates, the wizard generates files in which most of the instrument driver
design decisions have already been made and much of the coding has already been done. The
second half of this chapter describes many of the details for developing instrument drivers,
such as defining driver functions, data types, and parameters. Refer to this information if you
do not use the wizard to automate your driver development, if you want to add more functions
to a driver after you use the wizard, or if you would like a more detailed understanding of
instrument driver concepts.

General Guidelines

The following general guidelines help you develop an instrument driver. Follow these
guidelines whether you are developing instrument drivers for personal use or for general
distribution to other users.

» Use the instrument driver developer wizard to create your driver. You initiate the wizard
by selectingrools»Create IVI Instrument Driver. The wizard uses standard
instrument templates for oscilloscopes, multimeters, function generators/arbitrary
waveform generators, switches, and power supplies to define easy-to-use functions and
attributes for these types of instruments. The wizard also allows you to base your
instrument driver on an existing driver.

« If the wizard does not have a predefined template that fits your instrument type, you can
still use the wizard to build a VXlug&play-style driver. The wizard automatically
generates skeleton versions of the instrument driver files and sets up the internal structure
of a driver for you. Before completing your driver, define the external interface to the
driver carefully. A useful instrument driver is more than a group of functions. It is a tool
to help users develop application programs. Therefore, design an instrument driver with
the user in mind.
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Use the attribute editor to add and modify attributes and to navigate through your source
code. You initiate the attribute editor by selecfirapls»Edit Instrument Attributes .

Follow the specific steps in this chapter to write your instrument driver. Each step directs
you to subsequent chapters for more detailed information and further guidelines. Read all
chapters referenced within each step before you perform the tasks outlined in the step.

Writing an Instrument Driver

You can develop the pieces of an instrument driver in several different sequences. More
detailed information about how to perform the individual steps in the procedure appears later
in this chapter and in subsequent chapters. You can use the Instrument Driver Development
Wizard and the attribute editor to automate much of this process.

When you use the wizard to build a driver for an oscilloscope, multimeter, function generator,
switch, or power supply, you can select a predefined template that defines common functions
and attributes for these types of instruments. The wizard generates a functiorigpgrfié(

a source.¢ ) file, aninclude ¢ ) file, and asub file for you, automating much of the tedious
effort required when writing a driver.

To write the driver for your specific instrument, we recommend the following procedure:

1.
2.
3.

Name the instrument driver.
Define the attributes (automated by the wizard when you use a template).

Define the instrument functions and function classes (automated by the wizard when you
use a template).

Create a function tree for the instrument driver, adding help information to the top level
of the tree (automated by the wizard when you use a template).

For each function in the driver:

a. Define the parameters to the function, including variable types and limits, and error
codes (automated by the wizard when you use a template).

b. Create the function panel for the function, including help information for the panel
and for each control (automated by the wizard when you use a template).

c. Write the code to perform the function.
d. Test the source code.

Create the include file for the final instrument source code, including function
declarations and constant definitions (automated by the wizard when you use a template).

Operate the completed driver using function panels.
Document the driver.

LabWindows/CVI Instrument Driver Guide 3-2 www.ni.com



Chapter 3 Developing an Instrument Driver

Naming the Driver

The instrument drivers you create join the large set of LabWindows/CVI instrument drivers.
Give unique and meaningful names to the driver and its routines to avoid conflicts with the
other instrument drivers and routines. You accomplish this with an instrument prefix that you
assign when you create the instrument driver. Insert this prefix before each function name in
the driver and use the prefix to name the component filesi(, fp , and so on) of the driver.

For example, suppose you write an instrument driver for the Fluke 8840A digital multimeter.
If you choose the instrument preflgg840a |, the files that comprise the instrument driver
would beflgg40a.c |, fls840a.h ,fIg840a.fp ,f18840.sub , andfl8840a.doc

Furthermore, the driver function names each have the figft0a added to them,

for examplefl8840a_trigger

@ Note The instrument prefix must have eight characters or less. LabWindows/CVI adds an

underscore (_) separator to the eight-character prefix before appending the function name
to it.

How to Use the Instrument Driver Development Wizard

The Instrument Driver Development Wizard automates the creation of the source, include,
and function panel files for controlling an instrument. You create an instrument driver from

an VI instrument class template, an existing driver for a similar instrument, or the core VI
driver template.

Before using the wizard, complete the following worksheet with the appropriate information
for your instrument. The wizard asks you for this information.
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Driver Information

Instrument Driver Name:

Prefix: (8 characters or less)

Target Directory:

Developer Information

Name:

Company:

Phone:

Fax:

Standard Functions (if supported by the instrument)

Default Setup Command:

ID Query Command: *IDN? if it uses SCPI commands)

ID Query Response:

Reset Command:

Reset Delay: (time required for reset to execute and return)

Self-Test Command:

Self-Test Response Format: (self-test code and/or message)

Self-Test Delay: (time to allow self-test to execute and return)

Error-Query Command:

Error-Query Response Format: (error code and/or message)

Revision Query Command:

Revision Query Response Format:

Test Information

GPIB Address:
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To start the wizard, seletbols»Create IVI Instrument Driver of the Project window.

Follow the instructions on each panel of the wizard and enter the information from the
worksheet when prompted. The number and types of panels that appear vary according to the
selections you make.

Selecting an Instrument Driver Template
After you click on theNext button on the initial wizard panel, you see the following panel.

1 Instrument Driver Development Wizard - Select an Instrument Driver

® Create New Driver

" Create Driver Bazed on Existing Driver

10 Interface /0
GPIE - General Purpose -
Serial
Wl - meszage bazed DC Power Supply
Wl - register bazed Ozcilloscope
Suitch
= Function Generator =

< Back | Mest » I Cancel

Figure 3-1. Instrument Driver Wizard Selection Panel

You can choose to copy an existing driver or create a new driver. If you choose to copy an
existing driver, you must specify the pathname offinefile for the existing driver. The

wizard copies thép ,.c ,.h, and.sub files of the existing driver to the target directory that
you specify later in the wizard. It uses the instrument prefix that you specify later in the wizard
as the new base filename.

The wizard builds new drivers based on predefined instrument templates. If you choose to
create a new driver, you must first select the type of I/O interface you want to use to
communicate with the instrument. You must then select from a list of predefined instrument
templates. The list of templates can vary depending on the 1/O interface you select.

© National Instruments Corporation 3-5 LabWindows/CVI Instrument Driver Guide



Chapter 3

Developing an Instrument Driver

Most predefined instrument templates define a complete driver architecture with functions
and attributes for a particular type of instrument or device. An exception to this is the General
Purpose template. The General Purpose template appears in the list if you choose GPIB,
Serial, VXI message based, or VXI register based as your 1/O interface. When you select the
General Purpose template, the wizard generates skeleton driver files that can use the VI
engine for managing attributes and that follow the basicoWtigi&play guidelines for

instrument drivers. The skeleton driver files define no functions or attributes other than the
ones that VXplug&play and IVI require. Use the General Purpose template only when no
predefined instrument templates apply to your instrument.

Running the Preliminary 1/0 Tests from the Wizard

If you select GPIB, Serial, or VXI message based as your I/O interface, you can run
preliminary 1/O tests to verify that the information you have provided is accurate before the
wizard generates any code. Enter the appropriate information in the Test dialog box and click
on theRun Testsbutton. The wizard launches a separate application that sends commands to
the instrument for ID query, self-test, reset, and so on, and parses the instrument response
based on information you provide in the wizard. After the tests execute, a report appears that
describes the success or failure of each operation. If any failures occur, you can click on the
Back button to return to the appropriate wizard panel. Update the information and try the tests
again.

After the tests execute successfully, click onNlest button to generate thip , .c , .h,
and.sub , and files for your instrument driver.

After the wizard displays the newly created files, it gives you the option of launching the
attribute editor, which National Instruments recommends you use to complete your
instrument driver.

Reviewing the Generated Driver Files

The wizard generates all the required files for an instrument driver. If you use the General
Purpose template, you must design a function hierarchy with function definitions and
attributes on your own. You must build function panels and write the source code to
implement these functions. Refer to Chaptdfinction Tree EditgrChapter 6Function

Panel Editor and Chapter 7Adding Help Informationfor instructions on building function
panels.

If you use a predefined instrument template to generate your driver files, your instrument
driver files have predefined functions, function panels, and attributes. Now you must
complete the source code by adding the appropriate command strings for your instrument and
the code for parsing response strings.
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Generated Function Panels

Your instrument driver function panel file displays all the instrument’s capabilities in an
intuitive, hierarchical function tree. The wizard builds all the function panels automatically
and includes online help for the function classes, functions, and parameters.

.sub file

The.sub file contains information about instrument attributes and their possible values. This
information appears to the user through®eeAttribute andSetAttribute function

panels. To view this information, open one of SeeAttribute functions from the
Configuration Functions class in your driver. Click on the Attribute control to display the
Select Attribute Constant dialog box, as shown in Figure 3-2. You can select each attribute
and view the possible values for that attribute in the lower half of the dialog box.

i Select Attribute Constant

Data type: ei ilnt32 |

4
Bazic Meazurement Attributes. .. ‘I (a4 |
Trigger Source C | |
Extended Measurement Attributes. . anee
Errar attibutes. ..

Inherent Abtributes. .

L

[~ Elatten

Attribute help:

FLA4G8_WaL_DC_VOLTS
FL4G_WAL_AC_VOLTS
FL4a_wWaL_DC_CURREMT
FL4a_WAL_AC_CURRENT
FL4A WAL 2 WIRE_RES
FL45_Wal_DIODE

FL45 WAl _COMTINUITY
FL45 WAL _FREQ

L

le L

Figure 3-2. Select Attribute Constant Dialog Box

Where possible, the include file for the driver defines constants with intuitive names for each
of the attributes and their allowable values.
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You can add information to theub file when you selectools»Edit Instrument

Attributes . The command brings up the Attribute Editor. When you apply the changes that
you make in the Attribute Editor, the Attribute Editor updatesdheh , and.sub files for

the instrument driver. For more information, refer to Chaptéttdipute Editor

Source File

When you use the wizard with a predefined instrument template, the wizard groups the
functions in the driver source file into the following categories:

< Initialize Functions—The wizard completes these functions for you automatically.

« Configure Functions—These functions set instrument attributes or groups of instrument
attributes. For example, an oscilloscope hasrdigureVertical function that sets
the vertical range, offset, coupling, and probe attenuation for a particular channel. The
wizard completes the code for the Configure functions automatically. The code for each
Configure function consists of calls to ieh SetAttribute function for each
configuration parameter.

« Data Functions—These functions query the instrument for data. You must complete the
source code for these functions to send the appropriate query commands to the
instrument, then parse and scale the data the instrument returns.

« Action/Status Functions—These functions either initiate an action on the instrument or
check the status of a particular operation. An Action function might initiate an action by
sending a trigger to the instrument. A Status function might check whether an acquisition
is in progress for an oscilloscope. You must complete the source code for these functions.

@ Note Some predefined instrument templates, such as the DMM template, combine the
Data Functions and Action/Status functions under the term Measurement Functions to
present a more intuitive function hierarchy to the user.

e Utility Functions—The wizard completes these functions for you automatically.

« Attribute Callback Functions—These functions contain the code to read, write, or
check attribute values. For example, the code to query and modify an oscilloscope’s
vertical offset setting must be in therticalOffsetReadCallback and
VerticalOffsetWriteCallback functions. You must complete the source code for
each of these functions by inserting the appropriate command to set or query the attribute
value on your instrument.

e Session Callback Functions-These functions contain the code to perform various
actions such as checking the status of the instrument. You must complete the source code
for each of these functions.

e Close Function—The wizard completes this function for you automatically.
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Include File

The include file contains function prototypes and defined constants for your instrument driver.
The defined constants provide unique, intuitive constant names for the attributes and attribute
values you driver uses. It is necessary to modify the include file only if you add, delete, or
modify functions in your driver or if you add new attribute values.

Extended Functions and Attributes

The generated driver files can include functions and attributes that your instrument does not
support. The instrument templates define the fundamental capabilities of each instrument type
and extended capabilities that not all instruments support. For example, the DMM template
includes functions and attributes for making multiple-point measurements from scanning
DMMs. If you are writing a driver for a DMM that does not support scanning, you must delete
the functions and attributes from your driver.

Attribute Editor

The Attribute Editor is a tool for viewing, modifying, and navigating through your instrument
driver files. The Attribute Editor provides a visual display of the attributes in your driver.

You can use the Attribute Editor to add, delete, or modify attributes. You can add or delete the
callback function names for each attribute. You can modify the help information for attributes,
and you can create or modify attribute range tables. Refer to Chapteilyte Editor,

for information on how to use this tool to complete your instrument driver source code.

Instrument Driver Fundamentals

If you want to add functions to a driver, or if you develop a driver without using the Instrument
Driver Development Wizard, you must know the instrument driver fundamentals in this
section. Although the wizard is the preferred method for developing a driver for an instrument
that you control through a GPIB, VXI, or serial interface, many users develop instrument
drivers for other purposes, such as common utility functions, analysis algorithms, or for
controlling custom hardware that does not fit the 1VI instrument driver model for GPIB or
VXI devices.

Defining the Instrument Functions

An instrument driver exports a set of functions that programmers can use to control an
instrument. To make the set of functions easy to use, you must organize them into a logical
structure. Group related functions into categories or classes. For complex instruments, group
related classes into higher-level classes. For very complex instruments that incorporate
multiple personalities, you might consider creating multiple instrument drivers.
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Structuring Functions in an Instrument Driver

If you use the wizard with a predefined instrument template, the wizard creates a function
hierarchy for you. Otherwise, you must define and structure the driver functions on your own.

The three implementations of a single instrument driver hierarchy in this section show you
some options for structuring functions. In this example, the driver includes seven functions
with which to program the instrument.

The first implementation gives the user a simple linear list of all available functions.

instrumentA(1)
functionl
function2
function3
function4
function5
function6
function7

The second implementation breaks the functions into two function classes.

instrumentA(2)

function_class1
functionl.1
functionl.2
functionl1.3
functionl.4

function_class2
function2.5
function2.6
function2.7

The third implementation treats the two function classes as two distinct instruments.

instrumentA(3.1)
functionl
function2
function3
function4

instrumentA(3.2)
function5
function6
function7
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To successfully structure the functions for your instrument, you must determine who will
use the instrument driver and how they will use the instrument. Define functions that
stand alone to perform a useful action. For example, it might at first seem logical to use
the functionsSetbMMRangeandSetDMMFunction for setting the range and function

of a multimeter. However, a more useful function mighCbefigureMeasurement

for setting up multiple parameters.

Defining the Hierarchy of Functions

It is important to design the function hierarchy for the instrument driver carefully. When you
do, the user can identify the functions required by the desired action without the burden of
choosing from a long list of unrelated functions.

The concept of function classes is only apparent to the user from within the LabWindows/CVI
development environment. The application program calls all functions within an instrument
driver the same way, regardless of which function class they are in.

Defining the Function Parameters
To design the code for an instrument driver function, you must first establish its parameters.

Function parameters provide input information to the function and output variables where the
function can store its results. Output parameters often contain values that the function reads
from the instrument and formats for the user.

Data Types

You must define a data type for each parameter in each instrument driver function. All data
types the instrument driver uses must be intrinsic C data types or data types that you define in
the.h file and list in thefp file. You specify the data type of a parameter when you create

its corresponding control on a function panel. This data type must also be consistent with the
function prototypes in the instrument driver header file.

LabWindows/CVI uses the data type information to implement the variable declaration
and run-time checking capabilities when users operate function panels. When you
declare a variable from a function panel, LabWindows/CVI presents options based on
the data type you specify for the function panel control. When you run a function from a
function panel, LabWindows/CVI verifies that the data type of the control matches the
prototype of the function.

Data types are divided into three classes: predefined data types, user-defined data types,
and VISA data types.
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Predefined data types are available by default in the LabWindows/CVI environment.
The predefined data types consist of intrinsic C data types and meta data types that

LabWindows/CVI defines.

Intrinsic C Data Types

The intrinsic C data types that LabWindows/CVI defines are as follows:

int

long

short

char

unsigned int
unsigned long
unsigned short
unsigned char
int[]

long ]

short []

char []
unsigned int []
unsigned long []
unsigned short []
unsigned char []
double

float

double []

float []

char *

char *[]

void *

When you create a control to represent an array of data, make the data type an intrinsic C data
type that ends with the square brackigts Donotselect a data type that ends with an asterisk

(*) . The brackets tell LabWindows/CVI that the control represents an array of data, not a
pointer. LabWindows/CVI can then perform the appropriate variable declaration and run-time
checking capabilities when the user operates the function panel.

When you define a function panel control with an intrinsic C data type, variables the user
declares in the control through theclare Variablecommand appear with that data type in

the dialog box. You must define the parameter with the same data type when you prototype
the function in the instrument driver include file.
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Meta Data Types

The meta data types are useful for parameters through which users can pass arguments of
more than one data type. The meta data typesuaneric Array , Any Array , Any Type ,

andvar Args . Each of these data types defines a set of multiple allowable data types. When
the user executes tBeclare Variablecommand on a control defined with a meta data type,
the user can select from a list of the allowable data types.

Numeric Array

Numeric Array specifies a parameter that can be any of the intrinsic C nhumeric array data
types. You must define the parametevaid * in the function prototype. An example of a
Numeric Array data type is in tiotX function of the User Interface library. TR&tX
function plots the values of any intrinsic C humeric array data type to a graph control on a
user interface panel. On the function panel, the X Array control is oNiyperic Array.

X Array is defined asoid * in the following function prototype.

int PlotX(int panel, int control, void *xArray, int numPoints,
int xDType, int plotStyle,
int pointStyle, int lineStyle,
int pointFreq, int color);

Any Array

Any Array specifies a parameter that can be any of the intrinsic C or user-defined array data
types. You must define the parametevag* in the function prototype. An example of an

Any Array  data type is in theemcpyfunction of the ANSI C library. This function copies

a specified number of bytes from a target buffer of any type to a source buffer. In the function
panel, the first parameter is the Target Buffer, which is of eyg&ype. The Target Buffer

is defined asoid * in the function prototype.

void *memcpy(void *, const void *, size_t);

Any Type

Any Type specifies a parameter that can be any of the intrinsic C or user-defined data types.
If the parameter is an output parameter, you must definevdichs in the function

prototype. If the parameter is an input parameter, you must define.it as in the function
prototype, and it must be the last parameter in the function. The Value output parameter of the
GetCtrlAttribute function in the User Interface Library is an example ofaineType

data type. The function obtains the value of a particular attribute for a particular user interface
control. Different attributes have different data types. Users pass the attribute value parameter
by reference, and it is therefore a pointer. Consequently, the attribute value parameter is of
typeAny Type and is defined amid * in the following function prototype shown below.

int GetCtrlAttribute(int panel, int control, int attribute,
void *value);
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The Value parameter of tigetCtrlAttribute function also applies to attributes of

different data types, but it is an input rather than an output parameter. Users pass this
parameter by value rather than by reference, and thus it can have different sizes. For example,
it might be arint or adouble . Consequently, the attribute value parameter is of Aype

Type and is defined &s.."  in the following function prototype.

int SetCtrlAttribute (int panel, int control, int attribute, ...);

Var Args

Var Args specifies a variable number of parameters that can be any of the intrinsic C or
user-defined data types. You must define the parameters as in the function prototype.
Theprintf  andscanf functionsinthe ANSI C library have examples oftlaeArgs data
type. Following the format string parameter in each function, you can specify one or more
parameters of different data types to match the type specifiers in the format siiimgt In,

the parameters are passed by valuscdnf , they are passed by reference and thus are really
pointers. For both functions, oNar Arg  function panel control is used, ahd"  appears

in the following function prototypes.

int printf (const char *, ...);
int scanf (const char *, ...);

User-Defined Data Types

LabWindows/CVI also lets you define data types and use them in function panels. You must
declare user-defined data types in the function panel file of an instrument driver, and you must
define the data type in the include file for the driver. Declare user-defined data types with the
Data Types command box in the Function Panel Editor.

For example, you can definevaveform_var data type for an instrument driver to represent
waveform data. Thiwaveform_var data type could be a structure that contains an array of
doubles to represent the individual points in the waveforiiiga  for the time of the first
point, and doat for the time between points.

Creating a User-Defined Data Type
Complete the following steps to create a user-defined data type for use in a function panel.
1. Define the data type withtgpedef statement in the instrument driver header file.

2. Add the data type to the instrument driver function panel file usingptiens»Data
Typescommand in the Function Panel Editor.

3. Using the previous example of thaveform_var data type, include the following code
in the include file for the instrument driver.

typedef struct {

double waveform_arr [500];
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float t_zero;
float t_delta;
} waveform_var;

4. Make thevaveform_var data type available in the function panel file. Select
Options»Data Typesin the Function Panel Editor and enter

waveform_var

in the Type box of the Edit Data Type List dialog box. Then clicladd.

Now you can select theaveform_var data type when you create function panel controls for
this instrument driver. Also, users can interactively declare a variabeform_var data
type from any function panel control that you definevageform_var

Refer to Chapter @;unction Panel Editarfor a discussion of the Edit Data Type List dialog
box.

User-Defined Array Data Types

Use care when you declare user-defined data types that are arrays. If you want to define a
user-defined array data type, square bradketsiust appear at the end of the type name in
the Edit Data Type List dialog box. The brackets enable the interactive variable declaration
and other capabilities of LabWindows/CVI function panels. For example, to declare an array
of waveform_var type from the example presented above, add

waveform_var [] (This example is correct because it includes brackets.)

in theType box of the Edit Data Type List dialog box and includetyipedef declaration
for waveform_var in the driver include file.

Examples of incorrect ways to define user-defined array data types are shown below.

Assume the following data type definitions are in an instrument driver header file.

typedef waveform_var * waveform_arr1;
typedef waveform_var waveform_arr2[100];

Then the following data type declarations in the Edit Data Type List dialog box are incorrect:

waveform_var * (This example is incorrect because it lacks brackets.)
waveform_arrl (This example is incorrect because it lacks brackets.)
waveform_arr2 (This example is incorrect because it lacks brackets.)
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VISA Data Types

The VISA I/0O library defines a special set of data types. The IVI Library also uses some of
these data types. The data types strictly define the type and size of the parameters and
therefore promote the portability of the functions to new operating systems and programming
languages.

A subset of the VISA data types has been defined for use in the development of
LabWindows/CVI instrument drivers and are accessible as user-defined data types. Table 3-1
shows these special data types for instrument drivers.

Table 3-1. VISA Data Types

VISA Type Name Definition
Vilnt16 Signed 16-bit integer
Vilnt32 Signed 32-bit integer
Vilint16 Unsigned 16-bit integer
ViuInt32 Unsigned 32-bit integer
ViReal64 64-bit floating-point number
Vilnt16]] An array ofVvilntl6 values
Vilnt32[] An array ofvilnt32  values
ViReal64[] An array ofViReal64 values
ViChar[] A string buffer
ViConstString A read-only string
ViRsrc An instrument driver resource descriptsttitg )
ViSession An instrument driver session handle
ViStatus An instrument driver return status type
ViBoolean Boolean value
ViBoolean[] An array ofViBoolean values

To use these special user-defined data types in an instrument driver, do the following:

1. Add the VISA data types to the function panel file by usingtpgons»Data Type
command in the Function Panel Editor. Then clickAde VISA Types button in the
Edit Data Type List dialog box.

2. Include the filepptype.h  in the instrument driver header file.
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Refer to Chapter G;unction Panel Editgrfor a discussion of the Edit Data Type List
dialog box.

Input and Output Parameters

Because most instrument drivers are designed to control a physical instrument, the input and
output function parameters often correspond to one or more of the controls on the face of the
instrument.

Define output parameters as follows:
1. Review the purpose of the function to determine the inputs and outputs.

2. Choose the data type of each parameter. The data type should be one that the application
program can use easily.

a. If aparameter is an array data type, select a data type with square ljrackeie
end of the data type name.

b. For output parameters, select the data type of the value that users pass by reference,
not the pointer to that data type. When users operate function panels interactively,
LabWindows/CVI knows to pass a variable by reference because the control is
defined as an output.

For example, if a function by the nameegmp_func has arexamp_out integer
output parameter, you prototype the function in the instrument driver include file as

examp_func (int *examp_out);

When you create a function panel for this function, create an output control for
examp_out and specify its data type @ms$ , not asnt* . When a user declares
variables interactively from the function panel, LabWindows/CVI creatég an
variable and automatically puts &' in front of the variable name to pass it by
reference.

3. Assign a meaningful name to each parameter.

Return Values

Instrument driver functions can also have a return value. Instrument drivers supplied by
National Instruments use function return values to implement an error-handling mechanism.
All instrument driver functions have a return value of tyf&atus  (32-bit unsigned

integer) that returns error and status information about the function call.

© National Instruments Corporation 3-17 LabWindows/CVI Instrument Driver Guide



Chapter 3

Developing an Instrument Driver

Required Instrument Driver Functions

All instrument drivers must contain functions that perform the following operations:
e Prefix _init
e Prefix _close

e Prefix _error_message

The VXIplug&play standard requires the following additional functions for instrument
drivers that control GPIB, VXI, or serial instruments:

e Prefix _reset
e Prefix _self test
e Prefix _revision_query

e Prefix _error_query

IVI instrument drivers must have the following additional functions:
e Prefix _InitWithOptions

e Prefix _GetErrorinfo

e Prefix _ClearErrorinfo

e Prefix _LockSession

e Prefix _UnlockSession

e Prefix _ReadlnstrData

e Prefix _WritelnstrData

IVI instrument drivers from National Instruments also must export functions by the name of
Prefix _lvilnit andPrefix _IviClose , but the driver mustot have function panels for
these functions. Therefix _init  function calls thePrefix _InitwithOptions function,
which in turn calls thérefix _lvilnit function. ThePrefix _close function calls the

Prefix _IviClose  function.

For a description of the implementation guidelines for the required instrument driver
operations, refer to tHeabWindows/CVI Online Help

Building the Function Tree

When users access an instrument driver fronirtiieument menu, they can select

instrument functions from one or more dialog boxes. The function tree shows the organization
of the functions in dialog boxes. You use the Function Tree Editor to create the function tree.
Chapter 5Function Tree Editardescribes the use of the Function Tree Editor.

In addition to specifying the appearance, the function tree also contains help information
that the user can access from the dialog boxes. Add this help information as you create the
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tree. Chapter 7Adding Help Informationexplains how to add help information to the
function tree.

Building the Function Panels

Users operate the function panels to execute instrument driver functions and to generate code
for an application program. Each primary function requires a function panel. A secondary
function can appear on one or more function panels. A function panel also can consist entirely
of secondary functions. The Function Panel Editor lets you build function panels by placing
controls on a blank panel in the position and order that you want them to appear. Chapter 5,
Function Tree Editgrdescribes the use of the Function Panel Editor.

The Function Panel Editor also lets you add online help information for each control
on a panel. Add this help information as you create each panel. Chajtkeling Help
Information explains how to add help information to a function panel.

Writing the Function Code

After you name the function and define its parameter list, you write the code to implement the
function. TheLabWindows/CVI User Manudlescribes the development tools available in
LabWindows/CVI for testing and debugging your code. The instrument driver you create uses
full C language source code.

To develop the instrument driver source code, follow the guidelines in Chapter 8,
Programming Guidelines for Instrument Drivers

Operating the Driver

After you create the (.obj or.dll ),.h,and.fp files, you can operate the instrument
driver. Load the driver using thestruments»Load command and operate every function
panel that you have created. Then, use the panels to generate a sample program to verify
operation of the driver. ChapterBoject Windowof theLabWindows/CVI User Manual

gives more details about operating instrument drivers.

Testing the Instrument Driver

Before you distribute an instrument driver, you should fully test it. Test it from within the
LabWindows/CVI interactive program and as a standalone application. A suggested testing
sequence for instrument drivers is outlined here.

Caution Be sure to save copies of the original instrument source files in a separate
directory.
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Load the instrument driver and execute all functions from the function panels.
Verify correct operation of all functions.

Create and run a sample application program that exercises all the functions in the driver
within LabWindows/CVI.

Verify correct operation of the application program.

5. Create and run a sample application that exercises all the functions in the driver within a
standalone application.

6. \erify correct operation of the application program.

Documenting the Driver

The final step in creating an instrument driver is to document the driverdddefile

describes the purpose of the driver, the function tree, and function panels. It also contains a
function reference list that explains the syntax of each function in the driver. Chapter 8,
Programming Guidelines for Instrument Drivec®ntains guidelines and suggestions for
documenting your instrument driver.
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This chapter describes the operation of the Attribute Editor. It describes the dialog boxes and
controls in the Attribute Editor and explains how to use the Attribute Editor to modify and
navigate through instrument driver source files that the Instrument Driver Development
Wizard generates.

Invoking the Attribute Editor

You invoke the Attribute Editor by selectiigols»Edit Instrument Attributes in a Source,
Function Tree Editor, or Function Panel Editor window. The Attribute Editor analyzes the
instrument driver source files to build a list of all attributes that the driver defines. In
particular, the Attribute Editor analyzes the contents oftleéx _InitAttributes

function and range tables in thefile for the driver. It also analyzes the contents of the
.sub and.h files.

Requirements for Using the Attribute Editor

The Attribute Editor makes certain assumptions about the driver files. Making these
assumptions enables the Attribute Editor to parse your files and present your attributes in a
simple, easy-to-use manner. If your driver files violate these assumptions, an error message
appears when you attempt to invoke the Attribute Editor. When you use the instrument driver
developer wizard to create your driver, the resulting files satisfy the requirements for using
the Attribute Editor. As you modify the files by hand, keep these requirements in mind. The
requirements are as follows:

« Allfour driver files must be in the same directory on your computer. The files must have
the same base filename and the.h , .fp , and.sub extensions.

 The.c file must define @®refix _InitAttributes function that contains the calls to
thelvi_AddAttribute functions that create the attributes for the driver. It also can
contain calls tavi_AddAttributelnvalidation and calls to the IVI Library

functions that install check, coerce, compare, and range table callbacks.

» All attribute ID parameters to these calls must be the actual defined constant names for
the attributes. The parameters must not be variables.

* In eachlvi_AddAttribute call, theattributeName parameter must be a literal string
that contains the defined constant name. It must not be a variable.
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¢ In eachlvi_AddAttribute call, theflags parameter must be 0 or one or more defined
constant names for attribute flags. If you pass multiple defined constant names, you must
separate them with a vertical baj.(

« All callback function pointer parameters to these calls must be the names of actual
callback functions rather than variables.

e The code irPrefix _InitAttributes must be syntactically correct.
e The code in each range table in your source file must be syntactically correct.

* For each range table in the file, the name of the range table entries array must be the
name of the range table followed Buytries

e The parameter names in callback function definitions must be the same as the parameter
names that the instrument driver developer wizard generates.

Limitations in Updates to Driver Files

When the Attribute Editor applies changes to the driver source and header files, it does not
retain comments in the following items:

« Range tables.

e The prototype portion of callback function definitions. The prototype consists of the
return type, function name, and parameter list, up through the opening curly brace of the
function body.

e #define statements.

e Calls to IVI Library functions in therefix _InitAttributes

When the Attribute Editor generates calls to VI Library functions in the

Prefix _InitAttributes function, it always useg as the name for the IVI session

handle parameter, and it always wraps the call witlcibekErr macro. Refer to the
LabWindows/CVI Online Helfor more information omgheckErr .
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Edit Driver Attributes Dialog Box

When you invoke the Attribute Editor, the Edit Driver Attributes dialog box appears, as shown
in Figure 4-1.

tu1 Edit Driver Attributes

Wersion Info 4 Add Attribute. .. |
DRIVER_MAJOR_VERSION
DRIVER_MINOR_VERSION |

DRIVER_REYISION sty
ENGINE_M&JOR_VERSION
ENGINE_MINOR_VERSION cop | cw |

EMGIME_REVISIOM

Error Info
FRIMARY_ERROR Move Up |
SECONDARY_ERROR
ERROR_ELABORATION nie
Advanced Session A0 e

WS4 RM_SESSION

I0_SESSION tove Down |
DEFER_UPDATE
RETURM_DEFERRED_WALUES | Edit |

Wertical Subzystenn
CHAMMEL_EMABLED |

FROBE_ATTEMUATION Fange Tables...
FROBE_SEMSE_WalLUE

PROBE_SENSE
VERTICAL RANGE Expand/Collapse |

Read Callback

Wwiite Callback

Compare Callback

' Range Check Calback
Cioerce Callback

Get Fange Table Callback Go To Range Table Source |

L4

VERTICAL_OFFSET
YERTICAL_COUPLIMG i
BAMDWIDTH Add Clags Attributes. ., |
INPUT_IMPEDANCE

Huarizantal Subsystem | Apply Close |

Figure 4-1. Edit Driver Attribute Dialog Box

Instrument Attributes List Box

The Instrument Attributes list box on the left side of the dialog box contains all

attributes for which the Attribute Editor found am AddAttribute call in the

Prefix _InitAttributes function. It also displays the inherent IVI attributes that

thesub file describes. The instrument driver developer wizard generates the descriptions of
the inherent attributes in theub file automatically.

The attributes are grouped hierarchically in the list box. You can have group labels on the first
and second level. You can have attributes at the first, second, or third level. The Attribute
Editor reads the hierarchy information from theb file. After you select an entry,
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double-click or press <Enter> to display the Edit Group or Edit Attribute dialog box,
depending on the selected entry.

When you select an attribute in the list box, you can expand or collapse it by pressing
<Space bar> or clicking on tfiexpand/Collapsebutton. When you expand an attribute, a list

of the different types of attribute callback functions appears under the attribute name. A
checkmark next to a callback type indicates that the Attribute Editor found the name of a
callback function in thévi_AddAttribute for the attribute or in a call to a function such
aslvi_SetAttrCoerceCallbackVilnt32 orlvi_SetAttrRangeTableCallback that
references the attribute. You can disassociate a callback function from an attribute by
removing the checkmark. If you add a checkmark on a callback type that did not initially have
one, the Attribute Editor associates a default callback function name with the attribute. When
you apply your changes, the Attribute Editor inserts the skeleton code for the new callback
function in your source file. You can toggle the checkmark by pressing <Space bar> or by
clicking on the checkmark.

Restrictions on Modifications to Inherent and Class Attributes

In the list box, special rules apply to inherent and class attributes. ReferMypie of
Attributessection in Chapter 2Y1 Architecture Overviewfor information on the distinction
between inherent, class, and instrument-specific attributes.

You cannot edit, expand, cut, or copy an inherent IVI attribute. You cannot move the items
within the Inherent 1VI Attributes group. You cannot edit the label or help text for the group.
You can, however, move the entire group up or down in the list box.

When you use the instrument driver developer wizard with a predefined instrument template,
the wizard generates all the instrument class attributes into your driver files. In general, you
can edit, expand, copy, and move class attributes freely. You also can cut class attributes. The
Attribute Editor prompts you for confirmation when you cut a class attribute that the class
driver include file indicates is fundamental to the class. When you cut an extended class
attribute, no confirmation is necessary.

Attributes List Box Command Buttons

This section describes the command buttons in the Edit Driver Attributes dialog box.
Use theAdd Attribute button to add a new attribute to the list box. The command invokes an
empty Edit Attribute dialog box in which you can enter the attribute information. Refer to the

Adding and Editing Instrument Attributeection later in this chapter for more information
on the Edit Attribute dialog box.
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Use theAdd Group button to add a new group label to the list box. The command invokes an
empty Edit Group dialog box in which you can enter the label and help text for the group.
Instrument driver users view the help text in the Select Attribute Constant dialog box that they
invoke in theGet/Set/CheckAttribute function panels.

Use theMove Up/Down buttons to move attributes up or down in the list box.

Use theMove Right/Left button to indent attributes left or right for logical grouping and
readability.

Use theEdit button to modify a group or attribute. The command invokes the Edit Group or
Edit Attribute dialog box for the currently selected item.

Use theRange Tabledutton to display a list of range tables in the driver. Refer tAdiaéng
and Editing Range Tablesection later in this chapter for more information.

Use theExpand/Collapsebutton to expand or collapse the currently selected attribute or
group.

Use theGo To Callback Sourcebutton to jump to a callback function in the driver source
file. The command finds the definition of the callback function that is currently selected in the
list box. Because this closes the Attribute Editor, the Attribute Editor prompts you to apply
any unsaved changes.

Use theGo To Range Table Sourcéutton to jump to a range table in the driver source file.
The command finds the definition of the range table for the attribute that is currently selected
in the list box. Because this closes the Attribute Editor, the Attribute Editor prompts you to
apply any unsaved changes.

Use theAdd Class Attributes button to add class attributes that your driver currently does

not implement. This can be useful if you previously deleted one or more class attributes or if
a new version of the class definition contains additional attributes. The Attribute Editor
identifies the class definition that your specific driver uses by searching your specific driver
header file for attinclude  statement that refers to a class header file. If the Attribute Editor
cannot find antinclude  statement for a class driver header file, the Add Class Attributes
button appears dim. When you executeAldd Class Attributes command, it uses the
predefined instrument template for the class that the instrument driver developer wizard uses.
It builds a list of the class attributes that are not currently in the list box. You can select one
or more attributes to add.

Use theApply button to update the , .h , and.sub files for the driver with the changes you
have made in the Attribute Editor. Examples of changes the Attribute Editor makes are
generating empty function definitions for callbacks you added, removing callbacks you
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deleted, adding or modifying range table entries, adetiefine  statements for attributes in
the header file, and modifying help text in thab file. You can apply your changes without
exiting the Attribute Editor.

When you invoke the Attribute Editor, your source file might reference callback functions or
range tables in therefix _InitAttributes function even though it contains no

definitions for them. When you execute #hgply command, the Attribute Editor creates
empty definitions for them.

The first time you execute thgply command after invoking the Attribute Editor, the

Attribute Editor backs up your instrument driver files before it applies your modifications. If
your driver files have unsaved changes, the Attribute Editor asks you if you want to save your
files before it backs them up. The Attribute Editor creates the backup files in the directory that
contains the driver files. On most platforms, it copies the driver files and appeaids to

each filename. The Attribute Editor overwrites any backup files that might already be in the
directory.

After theApply command updates your driver files with your modifications, the Attribute
Editor saves your driver files to disk. The Attribute Editor also purges all Undo information
for the.c and.h files.

Use theClosebutton to exit the Attribute Editor. TR®osecommand prompts you to apply
any unsaved changes.
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Adding and Editing Instrument Attributes

You add and edit instrument driver attributes by entering information in the Edit Attribute
dialog box, which appears in Figure 4-2.

an Edit Attribute

TKTDS5754 ATTR_ WERTICAL_RAMGE

|
Dezcriptive Hame: Wertical Range |
Data Type: fi ViR ealed |
Range T able: fl attrerticalF angeR angeT able | Edi... |
Drefault Walue: 2 |
Compare Precision: 1] |
Description: This channel-bazed atribute specifiies the absolute value of the

input range the ozcillozcope can acquire for the channel. The
unhits are voltz, For example, to acquire a sine wave which
zpahs between +10 and -10 valts, vou zet this attibute to 20.0
walts,

Flags: Wl ¥al WOT USER READARLE =
[WI_Wal_NOT_USER_WRITABLE
[WI_WAL_MULTI_CHANMEL —
[WI_val_WEVER_CACHE

[WI_WAL_ALwayws_CACHE

v WAl _USE_CALLBACKS_FOR_SIMULATION |

s

Attributes to Invalidate EUANNED ENAELED 4
twihen Walue Changes: PROBE_ATTEMUATION

PROBE_SEMSE_WaLUE

PROBE_SEMSE

WERTICAL_OFFSET

WERTICAL_COUPLING |

Advanced... | ] 4 I Cancel

Figure 4-2. Edit Attribute Dialog Box

When you apply your changes, the Attribute Editor saves this information into the,
and.sub files for your instrument driver.

« Constant Name—Specifies the defined constant name of the attribute. All attribute
constant names must begin WRREFIX_ATTR_, wherePREFIX s the instrument prefix.
You enter the rest of the name in this control.

» Descriptive Name—Specifies the name that appears for the attribute in the Select
Attribute Constant dialog box that users can invoke irG#ttSet/CheckAttribute
function panels.
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Data Type—Lets you select the data type of the attribute. The data type &éntbe ,
ViReal64 , ViString , ViBoolean , ViSession , andViAddr . You can us&/iAddr
only for attributes that you hide from the instrument driver user.

Range Table—Lets you select a static range table for the attribute. You can select an
existing range table in the ring control. If you do not want a range table, you can select
thenone entry in the ring control. The Range Table ring control is enabled only for
Vilnt32 andViReal64 attributes. The data type of the attribute must match the data
type that appears in the Edit Range Table dialog box for the range table that you select.

Default Value—Specifies the default value for the attribute. The IVI engine uses the
default value only when simulation is enabled and you obtain the value of the attribute
before you set it. In effect, the default value represents a simulated initial value for the
attribute. In the Default Value control, enter a valid C expression that is appropriate to the
data type of the attribute.

Edit button—Lets you invoke the Edit Range Table dialog box for the range table that
currently appears in the Range Table ring control. Whendhe entry appears in the
range table ring control, the label of the button changbete TheNew button brings

up the Edit Range Table dialog box for a new range table. ReferAddiey and Editing
Range Tablesection later in this chapter for more information on the Edit Range Table
dialog box.

Compare Precision—Lets you specify the number of digits of precision to use when
comparing a cache value that the VI engine obtained from the instrument against a value
you want to set this attribute to. The number of digits can be from 1 to 14. If you specify
0, the IVI engine uses the default, which is 14. Because you might want to enter a defined
constant for this value, the Compare Precision control is a string control. This control
applies only to/iReal64 attributes. Refer to th@omparison Precisiosection in

Chapter 2)VI Architecture Overviewfor more information.

Description—Specifies the help text that tkab file stores for the attribute. Instrument
driver users view the help text in the Select Attribute Constant dialog box that they invoke
in theGet/Set/CheckAttribute function panels. It is not necessary to enter help text
for attributes that you hide from the user.

Flags—A list of the flags that you can set for the attribute. You set a flag by adding
a checkmark next to its name. You can hide an attribute from the instrument driver
user by adding checkmarks to & VAL_USER_NOT_READABLEand
IVI_VAL_USER_NOT_WRITABLEflags. If these two flags are set when you apply your
changes, the Attribute Editor converts them tolthevAL_HIDDEN macro in your
source code. Refer to thdtribute Flagssection in Chapter 2YI Architecture

Overview for detailed information about each flag.

Attributes to Invalidate When Value Changes—Lists all the other attributes in

the instrument driver. Add a checkmark next to the attributes whose cache values
you want the IVI engine to invalidate when you change the value of the attribute
that you are currently editing. The Attribute Editor generates a call to
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Ivi_AddAttributelnvalidation for each attribute that has a checkmark.
Refer to thdVI State-Caching Mechanissection in Chapter 2YI Architecture
Overview for information about invalidation of attribute cache values.

* On All Same Channels—Lets you specify whether an attribute invalidation occurs on
all channels or only on the channel on which the value of the attribute you are currently
editing changes. Click on the button to toggle between the On All Channels and On Same
Channel state. If the item you select in the Attributes to Invalidate When Value Changes
list box has a checkmark, thall() or (Same) tag appears at the end of the item label. If
the item you select does not have a checkmark, the toggle button is dim. Notice that this
option has no effect unless the attribute you are editing and the attribute it invalidates are
both channel based.

« Advanced—Invokes the Edit Attribute Advanced dialog box, which appears in

Figure 4-3.
Read Callback TETDS 7844 erticalP angs_FeadCallback
‘white Callback TET DS 7Rdati erticalR ange_wiiteCallback

Compare Callback

Range Check Callback TETDS7R4atM erticalR ange_CheckCallback.

Coerce Callback,

i Edit Attribute Advanced [ x]
|
|
|
|
|
|

Get Range Table Callback

Cancel |

Figure 4-3. Edit Attribute Advanced Dialog Box

Use this dialog box to specify custom names for the attribute callback functions. The
instrument driver developer wizard constructs default names for attribute functions. The
Attribute Editor constructs default names in the same manner when you enable a callback
function for an attribute in the Edit Driver Attributes dialog box. You do not have to use
this dialog box unless you want to specify a callback function name other than the
default name.
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Adding and Editing Range Tables

Range tables define valid values for attributes. Generally,\omi32 andViReal64
attributes have range tables. Refer toRaage Tablesection in Chapter 2y Architecture
Overview for detailed information on range tables.

When you invoke the Attribute Editor, it finds all the range tables you define in your source
file. It also associates a range table to an attribute when you pass the address of the range table
to Ivi_AddAttributeVilnt32 andlvi_AddAttributeViReal64

The Attribute Editor does not associate range tables for attributes with data types other than
Vilnt32 andViReal64 . If you pass a variable name for the range table pointer parameter to
Ivi_AddAttributeVilnt32 or lvi_AddAttributeViReal64 , the Attribute Editor

maintains the association of the attribute with the range table pointer variable name. The
Attribute Editor assumes that the parameter is a variable name if you do not precede it with
an ampersandj and it does not find a range table of that name in the source file.

When you press theange Tablesbutton in the Edit Driver Attributes dialog box, the Range
Tables dialog box appears as shown in Figure 4-4.

ti1 Range Tables

attiMumdveragesF angeT able ;l Add Fange T able
attMumE nvelopesFA angeT able

athProbedttenuationk angeT able | Edit Range Table
athRuntHighT kreshaldA angeT able

athRuntLowT hreshaoldR angeT able Cut
athRuntPalarityR ange T able
athS ampletodeR angeT able Copy

athTriggerCouplingFR angeT able
athrTriggerHoldoffA angeT able
athTriggerLevelR angeT able
athTriggertodifierR angeT able
athTriggerSlopeR angeT able
attrTriggerT ypeRangeT able
athTw TriggerFieldR angeT able
athrTw TriggerLineR angeT able
attrT T riggerPolarityR angeT able
ath T+ TrigaerSignalTypeR anaeT able
attr/erticalCouplingR angeT able

S

atti'erticall angeR angeT able

attifidthConditionR angeT able ;I

aK Cancel |

Figure 4-4. Range Tables Dialog Box

Use theAdd Range Tablebutton to add a new range table. The command invokes an Edit
Range Table dialog box with default information.

Use theEdit Range Tablebutton to edit an existing range table. The command invokes the
Edit Range Table dialog box for the currently selected range table.
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The Edit Range Table dialog box appears as shown in Figure 4-5.

o1 Edit Range Table

Data Typpe: oK |
attrH orzRecordLengthMormB angeT al:| f' ViR ealsd4 |
¥ |
Table Type: Has Minimum  Haz Maximum ﬁl
f‘ Coerced | p |7
Custom Information:
hdin It Coerced Actusl CmdStr cmodtal
1 o0 100 00000000 i 0 S
i | e S0-H00000 i 2l tewsbore |
200 250 250 250.000000 i] MNew Below
250 400 400 400.000000 a —
400 500 500 500.000000 1] Cut
500 200 800 800.000000 a
800 1000 1000 1000.000 1] LCopy
1000 2000 2000 2000.000 ] .
2000 4000 4000 4000.000 a ;l SR
I inimun Y alue: b axinuim ¥ alue: Coerced Value: Actual Value:
1 100 | 100 | #4100 000000
Command Skring: Command Y alue:
| [0 |
Help Text:
|
|

Figure 4-5. Edit Range Table Dialog Box

In the Edit Range Table dialog box, you enter all the information that is necessary for the
Attribute Editor to generate a definition for the range table in the source file. For a discrete or
coerced range table, you also enter help text and an actual numeric value for each table entry.
Instrument driver users view the help text and actual values in the Select Attribute Constant
dialog box that they invoke in th&et/Set/CheckAttribute function panels. The

Attribute Editor also uses the actual values when it genetd#dise statements in the

driver header file for previously undefined constant names that you specify in the Discrete
Value or Coerced Value fields of table entries.

» Range Table Name-Specifies the name for the range table in your source code.

» Data Type—Lets you select the data type to use for the Actual Value controls for each
entry of a discrete or coerced range table. Remember that range tables always store
entries withviReal64 values. The Attribute Editor uses the data type to give you the
correct type of numeric control for the actual values and to write the actual values to the
.h and.sub filesin the correct format. The data type you select must match the data type
of the attributes you associate with the range table.
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e Table Type—Lets you select from Discrete, Ranged, or Coerced. Refer fRahge
Tablessection in Chapter 2Y1 Architecture Overviewfor detailed information on the
three types of range tables. Notice that when you switch table types, some of the other
controls on the dialog box change. In general, coerced and discrete tables are the most
common. When you use a ranged range table, you typically create only one entry in the
table.

* Has Minimum—Specifies whether the range table, as a whole, contains a meaningful
minimum value. For a coerced range table, the minimum value represents the minimum
coerced value.

« Has Maximum—Specifies whether the range table, as a whole, contains a meaningful
maximum value. For a coerced range table, the minimum value represents the maximum
coerced value.

< Display In Hex—Specifies whether to display the actual values in hexadecimal in the
Select Attribute Constant dialog box that users can invoke in the
Get/Set/CheckAttribute function panels. This control is dim when the data type is
ViReal64 .

« Custom Information—Specifies the contents of thestominfo  field of the range
table structure. If you do not want to use thetominfo  field, entervVi_NULL.
Otherwise, enter a string surrounded by double quotes.

« Entries—Contains the contents of each range table entry in a list box. The columns that
appear depend on the type of range table. When you select an entry in the list box, its
contents appear in the controls that are below the list box. You can add new entries to the
range table by using tiéew AboveandNew Belowbuttons that are to the right of the
list box.

e Minimum Value —Lets you specify the minimum value for the currently selected range
table entry. This control appears only when the Table Type is Coerced or Ranged. The
control lets you specify a text entry so that you can enter a defined constant, literal
value, or expression. The Attribute Editor stores the contents of this control in the
discreteOrMinValue field of thelviRangeTableEntry structure. Press <F4> to
insertPREFIX_VAL _at the beginning of the text in the control. Press <Enter> to display
a list of all defined constants in the driver header file that beginRREF/X_VAL .

¢ Maximum Value—Lets you specify the maximum value for the currently selected range
table entry. This control appears only when the Table Type is Coerced or Ranged. The
control lets you specify a text entry so that you can enter a defined constant, literal value,
or expression. The Attribute Editor stores the contents of this control imathéalue
field of thelviRangeTableEntry structure. Press <F4> to insBREFIX_VAL _at the
beginning of the text in the control. Press <Enter> to display a list of all defined constants
in the driver header file that begin WiHREFIX_VAL .
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» Coerced Value—Lets you specify the coerced value for the currently selected range
table entry. This control appears only when the Table Type is Coerced. The control
lets you specify a text entry so that you can enter a defined constant, literal value, or
expression. The Attribute Editor stores the contents of this controléndleadvalue
field of thelviRangeTableEntry structure. Press <F4> to insEREFIX_VAL_ at the
beginning of the text in the control. Press <Enter> to display a list of all defined constants
in the driver header file that begin wilREFIX_VAL .

» Discrete Value—Lets you specify the discrete value for the currently selected range
table entry. This control appears only when the Table Type is Discrete. The control
lets you specify a text entry so that you can enter a defined constant, literal value,
or expression. The Attribute Editor stores the contents of this control in the
discreteOrMinValue field of thelviRangeTableEntry structure. Press <F4> to
insertPREFIX_VAL _ at the beginning of the text in the control. Press <Enter> to display
a list of all defined constants in the driver header file that beginRREFIX_VAL .

e Actual Value—Lets you specify the actual numeric value of the expression you enter in
the Coerced Value or Discrete Value control. This control appears only when the Table
Type is Coerced or Discrete. Instrument driver users view the actual value in the Select
Attribute Constant dialog box that they invoke in Ge/Set/CheckAttribute
function panels. The Attribute Editor stores this value indtite file and, in some cases,
the header file for the driver.

« Command String—Lets you specify the command string you use to set the instrument
to the value that the currently selected range table entry defines. Enter a string surrounded
by double quotes, a defined constant name for a string, an empty stifhgyorL. The
Attribute Editor stores the contents of this control indineString field of the
IviRangeTableEntry structure.

 Command Value—Lets you specify the value to write to a register-based device to set
the instrument to the value that the currently selected range table entry defines. Enter a
literal integer value or a defined constant. The Attribute Editor stores the contents of this
control in thecmdValue field of thelviRangeTableEntry structure.

« Help Text—Contains the help text for the currently selected range table entry.
Instrument driver users view the help text in the Select Attribute Constant dialog box that
they invoke in theset/Set/CheckAttribute function panels. The Attribute Editor
stores the contents of this control in the drigab file.

@ Note If you define your range tables directly in the driver source code, you still must use
the Edit Range Table dialog to specify the actual values and help text for each table entry.
The Attribute Editor saves this information in g file.
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This chapter explains the function tree and the Function Tree Editor. It also describes the
Function Tree Editor menu bar, menus, and commands.

About the Function Tree and Function Tree Editor

The function tree defines the way functions are grouped in the dialog boxes. Users access the
function panels of an instrument driver through the Select Function Panel dialog box that they
select from thénstrument menu. You use the Function Tree Editor to create and modify the
function tree for an instrument driver.

To invoke the Function Tree Editor, sel&de»New»Function Tree (*.fp)or
File»Open»Function Tree (*.fp)

When you invoke the Function Tree Editor, a new Function Tree Editor window appears. If
you selecte®Dpento edit an existing function tree, the function tree for the file you selected
appears in the window. To edit the function panel of an instrument driver that is loaded in the
Instrument menu, seledhstrument»Edit. Then highlight the name of the instrument in the
selection list of the Edit Instrument dialog box and clickEkié& Function Tree button.

A function tree appears as shown in Figure 5-1.
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B3 c:\cvibBhinstiitktds754 fp _ (O]

File Edit Create |nstrument Tools Window Options Help
Tektrcmx TLLS 7540 4-CH Dacilloscope ﬂ

Initialize

Initialize With Options

Configursfion Functions

Acquisition Subsysten
Configure Acquisition
Configure Number of Averages
Configure Number of Envelopes
Configure Interpolation
Actual Sample Mode

Vertical Subsysten
Configure Vertical
Configure Chan Characteristics
Auto FProbe Sense Value

Horizontal fubsvsten
Configure Horizontal
Actual Record Length

Trigger Subsysten
Configure Trigger Source
Configure Edge Trigger
Configure TV Trigger ;I

27113 | Tektronix TDS 754A4-C 4-CH Oscilloscope | 4

Figure 5-1. Function Tree

If you selectedNew to create a new function tree, you see a blank Function Tree Editor
window.

Function Tree Editor Context Menu

The function tree context menu pops up when you right-click on a function panel window
node in the Function Tree Editor. The menu appears as shown in Figure 5-2.
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Figure 5-2. Function Tree Context Menu

The following menu options are the same or similar to options available through the menu bar
selections.

Edit Node is the same as th&dit»Edit Node command.

Edit Function Panel Window is the same as th&dit»Edit Function Panel Window
command.

Generate Source For Function Nodgenerates a function definition and declaration for
the currently selected function node. If a function definition already exists in the driver
source file, you are prompted for permission to update it. You can replace, insert above
or below, or skip without updating. Your choice is then also applied to the declaration in
the driver include file.

Go To Definition opens the driver source file and jumps to the definition of the function
that is currently selected in the function tree.

Go To Declaration opens the driver include file and jumps to the declaration of the
function that is currently selected in the function tree.
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Function Tree Editor Menu Bar

You can edit an existing tree or create a new tree with the Function Tree Editor. You have the
following options on the Function Tree Editor menu bar:

« File lets you create a new function tree, edit an existing function tree, save function panel
information into afp and.sub file on disk, or add function panels to a project.

< Edit lets you modify the entries on the function tree or add help information.

* Createlets you create a new function tree or add new functions and classes to an existing
function tree.

« Instrument lets you load instrument drivers, unload them, or select which function panel
to edit.

« Toolslets you generate function definitions and declarations into your source and include
files, jump to function definitions and declarations, genergie files for the function
tree, and invoke the instrument driver developer wizard and attribute editor.

e Window lets you select which window to make active.

« Options lets you select the help style, generate function prototypes, geneiatefde,
create a DLL project, and select whether to enableplid§&play style.

File
TheFile menu lets you create a new function tree, edit an existing function tree, save function
panel information into &p and.sub file on disk, or add function panels to a project. The

File menu operates like tliéle menu of the Project window. Refer to ChapteP®ject
Window in theLabWindows/CVI User Manu#ébr more information about tHéle menu.

For each IVl instrument driver,.sub file accompanies thé file. The.sub file contains
the information about the instrument driver attributes. You edit this information using the
attribute editor. When you save the contents .¢f afile, LabWindows/CVI also saves the
contents of thesub file automatically.

Edit
TheEdit menu lets you edit the entries in the function tree. You have the following options
in theEdit menu.
e Cut deletes the selected function or class from the tree and copies it to the clipboard.
« Copy copies the selected function or class from the tree to the clipboard.
« Paste Aboveinserts the contents of the clipboard into the tree above the selected node.
« Paste Belowinserts the contents of the clipboard into the tree below the selected node.
« Edit Node lets you edit the instrument, function, or class hame on the highlighted line.
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» Edit Help lets you add context-sensitive help information to the function tree. Refer to
Chapter 7Adding Help Informationto learn how to add help information.

» Edit Function Panel Window lets you edit the selected function panel window in the
Function Panel Editor. Refer to ChapteF@nction Panel Editarfor more information
on using the Function Panel Editor.

e .FP Auto-Load List allows you to specify other instrument drivers that the current
instrument driver depends on. LabWindows/CVI loads these instrument drivers
automatically when you load the current instrument driver. Refer té-EhAuto-Load
List section later in this chapter for more information.

@ Note When you cut or copy a class to the Function Tree Editor clipboard, all its subclasses
and functions are cut or copied as well. Similarly, when you paste the class, all its
subclasses and functions are pasted.

Find

TheFind command allows you to locate a particular text string in the function panel file. You
can search for text in node names; function names; control labels; control values; item labels
in ring, slide, and binary controls; message control text; and help text. When you search in
help text, you cannot search in any of the other items at the same time. The search begins at
the node that is currently selected.

If the Find command brings up a Help Editor window and you do not use the button bar, you
must return to the Function Tree Editor window to continue searching throughout the panel.
TheFind command in the Help Editor window searches only within the window. You can
return to the Function Tree Editor window by pressing <F7>. On the other haiihdhe
command in the Function Panel Editor window continues searching through the entire
function panel file.

Replace

TheReplacecommand operates the same adHind command except that you can replace
the search string with another search string.

.FP Auto-Load List

The .FP Auto-Load List command brings up a dialog box in which you can list simple

fp file names. Do not include drive or directory names. When you load the current
instrument driver, LabWindows/CVI tries also to load the instrument drivers identified by
thesefp file names.
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LabWindows/CVI looks for thesép files in the following sequence:

1. Ifthe.fp file is under the VXplug&playframework directory, LabWindows/CVI looks
for the.fp file using the following pathnames, wheggpfrmwk is the VXiplug&play
framework directory angrefix is the instrument prefix:
vppfrmwk \support\  prefix\prefix fp
vppfrmwkl\prefix\prefix fp

2. Itthen looks in the directory of the referencifpg file.

It then looks for them in the instrument directories list. You edit the instrument directories
list by selectingOptions»Instrument Directories in theProject window.

4. Finally, it looks for them in thiastr ~ directory under the directory where
LabWindows/CVI is installed.

If a.fp file cannot be found, the user is given a chance to look for it using a file dialog box.
If the user finds thefp file, the user is prompted to add the directory to the instrument
directories list. The user also is given the option to add the file to the project.

If an auto-loadedp file has no classes or function panels, it does not appear in the
Instrument menu. This is useful for support modules that contain no user-callable functions.

When the user seledtsstrument»Unload, all auto-loadedp files are listed in the dialog.
Auto-loaded instruments are not unloaded automatically when the dependent instrument is
unloaded.

Create

The Create menu lets you create a new instrument tree or add functions and classes to an
existing tree.

Instrument

The Create»Instrument command lets you create a new function tree. When you select
Instrument, a dialog box appears. Enter the following information in the Create Instrument
Node dialog box:

e The name of the instrument (up to 40 characters).

e The prefix that you want LabWindows/CVI to add to the beginning of each function
name. The prefix cannot exceed eight characters. Do not include the underscore (_)
separator in your prefix. LabWindows/CVI adds an underscore (_) separator to the prefix
before appending the function name to it.

The instrument name you enter in the Create Instrument Node dialog box appears at the
bottom of the Function Tree Editor window. T@reate Class or Function Panel

Window line appears beneath the instrument name. Add functions and classes to the function
tree using the Function and Class commands.
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Class
Use theClasscommand to add a new class to a function tree.

When you select th€lasscommand, a dialog box appears. Enter the name that you want
to appear in the Select Function Panel dialog box that appears when the user selects the
instrument from thénstrument menu.

Adding a Class to an Empty Tree or Class

Complete the following steps to add a class to an empty tree.

1. Select the line that contai@seate Class or Function Panel Window

2. Select th&€reate»Class The Create Class Node dialog box appears.

3. Complete the Create Class Node dialog box. The class appears in the function tree
window. The new class name takes the place oftbate Class or Function
Panel Window message on the selected line.

Inserting a Class into an Existing Tree

In the function panel hierarchy, you can insert up to eight levels of classes. Complete the
following steps to insert a class into a function tree.

1. Select an existing function or class at the level you want to place the new class.
2. SeleciCreate»Class The Create Class Node dialog box appears.

3. Complete the Create Class Node dialog box. The new class is inserted on the line below
the existing function or class. The class exists at the same level in the tree as the function
or class that originally occupied the line.

@ Note A function tree can contain a combination of up to 32,000 functions and classes.

Function Panel Window

SelectCreate»Function Panel Windowto add a new function to a function tree.

When you select theunction Panel Windowcommand, a dialog box appears. Enter the
following information in the Create Function Panel Window Node dialog box.

1. Inthe Name text box, enter the name that you want to appear in the Function Panel
Selection dialog box when the instrument is chosen frormgieument menu.

2. Inthe Function Name text box, enter the actual code name used in the instrument driver
for the function being added. This function name must be valid for the current language.
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Note The name of every function in an instrument driver begins with a common prefix.
Do not enter the prefix of the function name. LabWindows/CVI automatically adds the
prefix to each function name. You specify the prefix by selec@irgate»Instrument.

Adding a Function to an Empty Tree or Class

Complete the following steps to add a function to an empty tree or class.
1. Select the line that contai@seate Class or Function Panel Window

2. SelectCreate»Function Panel Window The Create Function Panel Window Node
dialog box appears.

3. Complete the Create Function Panel Window Node dialog box. The new function
name appears in place of theeate Class or Function Panel Window message
on the selected line.

Inserting a Function into an Existing Tree
Complete the following steps to insert a function at any level in an existing function tree.
1. Select an existing function or class at the level you want to place the new function.

2. SelecCreate»Function Panel Window The Create Function Panel Window Node
dialog box appears.

3. Complete the Create Function Panel Window Node dialog box. The new function is
inserted on the line below the existing function or class. The function exists at the same
level in the tree as the function or class that originally occupied the line.

Instrument

Use thenstrument menu to load and edit an instrument driver and to edit a function in the
loaded instrument driver. THestrument menu operates like thestrument menu on the

main LabWindows/CVI menu bar except that the instrument function tree you select appears
in a Function Tree Editor window. Tiestrument menu lists the loaded instrument drivers.

Load

Selectinstrument»Load to add a new instrument driver to thetrument menu. Thé.oad
command operates like ti@e»Opencommand. When you select thead command, the

Load Instrument dialog box appears. Enter the appropriate information to select an existing
function panel file.

LabWindows/CVI Instrument Driver Guide 5-8 www.ni.com



Chapter 5 Function Tree Editor

Unload

Selectinstrument»Unload to remove one or all instrument drivers from bhgtrument
menu. When you select thinload command, the Unload Instrument dialog box appears.
In this dialog box, you have the following options.

» Use the mouse or the cursor keys and space bar to individually select which instrument
drivers to unload.

« Select all instrument drivers by clicking on fibeck All button.

» Deselect all instrument drivers by clicking on @leeck Nonebutton.

» Click on theOK button to unload the selected instrument drivers.

e Click on theCancelbutton to return without unloading any instrument drivers.

Edit
TheEdit command lets you invoke the Function Panel Editor or modify the relationship

between the function panel file and its associated program file. When you select
Instrument»Edit, the dialog box shown in Figure 5-3 appears.

oy Edit Instrument

Tektranix TDS 7544/C 4-CH Dscilloscape | i |

Attach and Edit Source |

Detach Program |

Beattach Program |

Edit Function Tree |

_VI Done |

Figure 5-3. Edit Instrument Dialog Box

The Edit Instrument dialog box presents the following options:

« Show Info lets you display the names of the current function panel file and the
attached program file. It also shows whether these files are in the current project and if
the program file is compiled. The attached program file contains the functions that are
called when users operate the function panel.
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« Attach and Edit Sourcesearches the directory that contains the function panel file for
a filename that has the same prefix as the function panel file anéxension. If the
file is found, a new Source window opens with the file displayed in it, and the source file
is attached to the function panel. If the file is not found, you are prompted to create a new
source file and a blank Source window appears.

« Detach Programdetaches the program file from the function panel.

« Reattach Programattaches a program file to a function panel. It searches the directory
that contains the function panel file for a filename that has the same prefix as the function
panel file and aobj ,.dll , or.c extension. If a file is found, the program attaches it to
the function panel.

« Edit Function Tree invokes the Function Tree Editor.
« Doneexits the Edit Instrument dialog box without modifying the function panel.

Tools
The Tools menu presents the following options:

« Create ActiveX Automation Controller generates a new instrument driver for an
ActiveX Automation Server. When you seldaols»Create ActiveX Automation
Controller, LabWindows/CVI displays the ActiveX Automation Controller Wizard.

e Create IVI Instrument Driver initiates the instrument driver developer wizard. Refer
to Chapter 3Peveloping an Instrument Drivefor more information on the instrument
driver developer wizard.

« Edit Instrument Attributes initiates the attribute editor. Refer to ChapteAttibute
Editor, for more information on the attribute editor.

¢ Generate IVI C++ Wrapper generates @pp file for the function tree. This file
contains the definition of a C++ class for the instrument driver. A wrapper function is
generated for each function in the function tree. Required C++ member functions, such
as constructors and destructors, are also generated. The generated class references classes
that are defined iivibase.hpp  andiviexcpt.hpp  , which are located in the
cvilinclude directory. You can edit these classes to customize the generated wrapper
class. This command is available only for IVI drivers.

« Enable Auto Replaceenables the updating of instrument driver source files to
reflect changes to function names in the function tree. This option is global to
LabWindows/CVI, so enabling it in one Function Tree Editor window enables it for all
Function Tree Editor windows. This command is dimmed for function trees that have not
yet been saved.

When this option is enabled and not dimmed, LabWindows/CVI updates the instrument
driver.c , .h, and.sub files to reflect changes you make to function names or the
instrument prefix in the Function Tree Editor window or Function Panel Editor window.
When you change a function name, you are prompted for permission to update your
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instrument driver to reflect the new name. When you change the instrument prefix, you
are prompted for permission to update your instrument driver to reflect the new prefix.

» Generate New Source For Function Tregenerates function definitions and
declarations into your driver source and include files. For each function panel in the
function tree, the source:() file is searched for the function definition. The heade) (
file is searched for the function declaration. If a function definition or declaration cannot
be found in the appropriate file, an empty function shell is generated in the file.

» Go To Definition opens the driver source file and jumps to the definition of the function
that is currently selected in the function tree.

» Go To Declarationopens the driver include file and jumps to the declaration of the
function that is currently selected in the function tree.

» Source Code Controlcontains menu items that you can use to perform operations with
your source code control system. LabWindows/CVI does not provide a source code
control system. If you have one that implements the standard Source Code Control
Interface, you can attach a LabWindows/CVI project to your source code control system
usingOptions»Source Code Control Optionsn the Project window.

Window

TheWindow menu lets you select which window to make active. Wredow menu
operates like th&vindow menu of the Project window. Refer to ChaptaP@ject Window,
in theLabWindows/CVI User Manudior more information about th&indow menu.

Options

The Options menu lets you operate the function tree or select the help styl@pfiuas
menu presents the following options.

« .FP File Formatallows you to select the format for the current function panel file as well
as the default format for new function panel files. Two function panel file formats are
available. Table 5-1 lists the features of the two formats.

Table 5-1. FP File Format Features

CVI15.0.1 and CVI5.5 and

Feature earlier format later format
Maximum Instrument Prefix Length 8 31
Maximum Function Name Length 31 79
Maximum Class Name Length 31 79
Maximum Window Name Length 31 79
Maximum Type String Length 50 80

© National Instruments Corporation 5-11 LabWindows/CVI Instrument Driver Guide



Chapter 5

Function Tree Editor

Table 5-1. FP File Format Features (Continued)

CVI5.0.1 and CVI 5.5 and

Feature earlier format later format

Default Text for Output Controls Not supported Supported
Function Qualifiers Not supported Supported
Set Precision on Numeric Controls Not supported Supported

Help Stylelets you choose the help stiNlew (Recommendeddr Old (LabWindows
DOS)when you are editing context-sensitive help information of the function tree.

The new and old help styles differ significantly. The old help style maintains
compatibility with function panels created in LabWindows version 2.3 or earlier. This
help style uses the DOS/IBM character set so that it can display special extended
ASCII characters that many older instrument drivers use. Also, the old style gives help
information for the entire function panel window, not the individual function panels
within a function panel window.

The new help style uses the standard Windows character set and gives help information
for each individual function panel. In addition, the new help style automatically generates
control name and data type information when displaying control help and automatically
generates a function prototype when displaying function help. Also, the help text editor
for the new style help uses word-wrap mode.

Changing the help style only changes how the program interprets help information. If you
use special extended ASCII characters in your help information and then change to the
new style, you must change the help text to a Windows-compatible character set.

Use the new help style whenever possible.

Transfer Window Help to Function Help helps you convert your function panel from
old to new style. For each function panel window, the window help text is transferred to
the first function unless the function already has help text.

Generate Function Prototypesreates an untitleth window that contains prototypes
for the functions in the function tree.

Generate Documentationcreates a window that containglec file for the function
panel file.

Generate Windows Helpcreates a project filehpj ) and two source filesrff
and.whh ) that you can use with Microsoft Windows Help Compiler to create a Windows
help file. You are prompted to choose the output language as either C or Visual Basic.

Generate ODL File creates an Object Description Languagel () file for the
instrument driver. Thendl file can be input to th®lkTypeLib program that comes
with the Microsoft OLE 2 SDK. This is useful when you create a DLL version of the
instrument driver. Th&lkTypeLib program creates a type library that describes the
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function entry points in the DLL. Refer to td E 2 Programmers Reference, Volume 2
from Microsoft Press for information on using type libraries.

* Generate DEF Filegenerates alef file for the instrument driver. External compilers
use thedef file to compile your instrument driver into a DLL. The file contains entries
to export each function in the function tree.

e TheCreate DLL Project command creates a LabWindows/CVI projeaf ( ) file that
can be used to create a dynamic link librady ( ) from the program file associated with
the function panelfp ) file. When you execute this command, you are prompted to enter
a pathname for the project file. After the file is written, you are asked if you want to load
the project immediately. If you do, your current project is unloaded. Refer to the
Preparing Source Code for Use in a Dké&ction in Chapter Zompiler/Linker Issugs
in theLabWindows/CVI Programmer Reference Mararahore information on creating
DLLs.

* VXlplug&play Style affects the contents of the DLL project that you create using the
Create DLL Project command. If th&/XIplug&play Style command is enabled,
Create DLL Project adds project settings that allow the DLL, import libraries, and
distribution kit you create to conform to various aspects of thephg&play
specification. You can modify all these settings using commands Buttee menu of
the Project window. The following list describes the default settings.

— Thelnstrument Driver Support Only command is enabled.
— Inthe Create Dynamic Link Library dialog box:

e “ 32“ isappended to the base filename of the DLL but not to the base filename
of the import libraries.

* Inthe Import Library Choices dialog box, tBenerate import library for all
compilers option is enabled.

e Inthe Type Library dialog box:
— TheAdd type library resource to DLL option is enabled.
— Thelnclude links to help file option is enabled.

— Function panel fileis set to the full pathname of tkfp file of the
current Function Tree Editor window.

* Inthe Change dialog box in tli&ports section:
— TheExport What option is set tanclude File Symbols

— TheWhich Project Include Fileslist contains the name of the include
file associated with thegp file of the current Function Tree Editor
window.
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— In the Create Distribution Kit dialog box:

¢ Thelnstall Run-Time Engine option is disabled. The instrument driver
support DLL is included in the file groups instead. If you need the
LabWindows/CVI Run-time Engine for the soft front panel executable,
you must enable this option manually.

« File groups are created that contain all the files that are required of a
VXI plugé&play instrument driver installation. For example, only the import
libraries for Visual C/C++ and Borland C/C++ are included, and their directory
names arensc andbc . Files that you must create independently are also named
in the file groups, even if they do not currently exist. These files include the
following:

— A \Visual Basic include file, which you can create by selecting
Options»Generate Visual Basic Includeén the Source window

— A documentation file, which you can create by selecting
Options»Generate Documentation

— A help file, which you can create by selectidgtions»Generate
Windows Help and the Windows Help Compiler

— A knowledge base file as defined in the WKig&play specification

— Files for a soft front panel executable (an empty file group is created
for this)

— In the Advanced dialog box:
¢ TheUse Custom Scriptoption is enabled.
e Script Filenameis set tacvilbin\vxipnp.inf

« Executable Filenameis left empty. After you create a soft front panel
executable and add it to the soft front panel file group, click o8elextbutton
to specify the soft front panel executable asBkecutable Filename

e Thelnstallation Title names are set tanstrumentprefix >Instrument
Driver
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Function Tree Editor Examples

These examples teach you about creating and editing function trees, specifically creating a
function tree with multiple classes, cutting and pasting functions and classes in a function
tree, and cutting and pasting functions and classes between the function trees of different
drivers.

Example—Multiple Classes in a Function Tree

In this example you create a function tree with several nested classes. Before beginning,
invoke the Function Tree Editor by selectifige»New» Function Tree (*.fp)

Complete the following steps to create a new instrument and function tree as follows:
1. SelectCreate»Instrument.

2. Enter the nameunction Tree Examples as the Name artecke  as the Prefix. Click
onOK.

SelectCreate»Function Panel Window

Enter the nameunction1  as the Name arfdnl as the Function Name. Click @K.
SeleciCreate»Class

Enter the name€lass 1 as the Name. Click c@K.

Select the line beneath the nabtess 1

SeleciCreate»Function Panel Window

© © N o 0~ W

Enter the nameunction2  as the Name arfdn2 as the Function Name. Click @K .
10. SelecFile»Save .FP File Asand save the file asltcls
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The new function tree is shown in Figure 5-4.

To view the structure of the function tree as it is seen by the user of the driver, select the

B ¢ \cvifShinstrimltcls.fp
File Edit Create |nstument Tools Window Optiohs Help

Functinn Tree Exanples =]
Function 1
Clzss 1

Function 2

»

4.4 | Function Tree Ezamples |

Figure 5-4. Sample Function Tree

instrument name from tHastrument menu.

Example—Cutting and Pasting Functions and Panels

5

Frequently, you want to copy a function in a function tree and its associated function panel to

a new position within the function tree.

Complete the following examples to cut and paste a function within a function tree.

N

3.
4,
Suppose that instead of moving the function, you want to replicate it. Because the function is

still in the Function Tree Editor clipboard, you can move the selection to theGiasae
and selecEdit»Paste Above The name-unction 1

Position the selection on the nammction 1
SelectEdit»Cut. The function disappears from the tree and is stored on the clipboard.
Position the selection on the nafuction 2

SelecEdit»Paste Above The function now appears undgass 1

Note Pasting functions and classes within the Function Tree Editor copies all items
associated with the function or class, including controls and function panel help.
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Using Existing Function Panels in a New Driver

Complete the following steps to copy some of the function panels from this driver to a new
driver.

1. SelectFile»New»Function Tree (*.fp) A new blank function tree window appears on
the screen.

SeleciCreate»Instrument.

Name the instrumentew Instrument  and typenew in the prefix box. Click oK.
SelecWindows»Function Tree and select the file calleditcls

Position the selection on the itaiass 1

Selectdit»Copy.

Return to thélew Instrument  file through theNindow menu.

Position the selection on the line beneath the name of the instrument.

© © N o G A~ D

SelectEdit»Paste BelowClass 1 and its associated functions appear in the new tree.

When you paste a class into a new tree, all information associated with the class and the
functions of the class are retained.

Example—Editing Items in the Function Tree

In this example you edit the names displayed in the function tree. You edit all the function tree
items by selecting:dit»Edit Node.

Complete the following steps to change the name of the instrument driver and its prefix:
1. SelectNew Instrument

2. Selectdit»Edit Node. The Edit Instrument Node dialog box originally used to create
the instrument appears.

3. Change the name of the instrumentree #2 and the prefix taree2 . Click onOK.

The changes in the instrument driver name appears at the top of the function tree in the
Function Tree Editor as well as at the bottom of the window. The changes to the prefix are
reflected in the Generated Code Window in each function panel.
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This chapter describes how to create and modify instrument driver function panels using the
Function Panel Editor.

Invoking the Function Panel Editor

You can invoke the Function Panel Editor from the Function Tree Editor or from a function
panel.

Invoking from the Function Tree Editor
To invoke the Function Panel Editor from the Function Tree Editor:
1. Highlight the function that corresponds to the function panel you want to edit.
2. Selectdit»Edit Function Panel Window on the Function Tree Editor menu bar.

You also can invoke the Function Panel Editor with the shortcut key <F8> or by
double-clicking on the function name.

Invoking from a Function Panel

To edit a function panel that you are currently operating, s8lgtbn»Edit Function Panel
Window on the Function Panel menu bar. If the current function panel is for a library that is
in theLibrary menu, you cannot use tEelit Panel command.
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Function Panel Editor Menu Bar

When you invoke the Function Panel Editor to create a new function panel, a screen similar

to the one shown in Figure 6-1 appears.

55 ¢<Model Name - I¥] Instr. Driver Core> - Set Attribute ¥iSession =l E3
File Edit Create Wiew Instument Tools Window Options  Help
, =
' AR AcArARAr AUAEd B ok = e
= GenPuip_SetbthibuteViSession
Channel Mame Attribute 10 Attribute Value

Instrument Handle

Status

ViStatus Status =

GenPurp SetAttributeViSession (ViSes=ion Instrument_Handle
ViConstString Channel_Namnle,JJ

]

Figure 6-1. Function Panel Editor

The following items appear on the function panel:

e The Function Panel Editor menu bar appears at the top of the screen above the function

panel.

¢ The Instrument Name and Function Panel Name appear in the title bar of the function

panel window.

e The Function Name appears in the title bar of the function panel.

e The Function Name appears with an empty argument list in the Generated Code window,

below the Function Panel Editor window.
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You have the following options in the Function Panel Editor menu bar.

» File lets you create a new function tree, edit an existing function tree, save function panel
information into afp and.sub file on disk, or add function panels to a project.

« Edit lets you modify controls, panels, and functions, add context-sensitive help
information, or align and distribute objects.

» Createlets you add controls, function panels, or a common control panel to the function
panel window.

* View lets you select another panel in the current instrument or from the panel list.

« Instrument lets you select a panel that you want to edit from a different instrument
driver.

» Toolslets you generate function definitions and declarations into your source and include
files, jump to function definitions and declarations, and invoke the instrument driver
developer wizard and attribute editor.

* Window lets you select which window to make active.

« Options lets you invoke the Function Tree Editor, operate the function panel, or toggle
the scroll bars.

File
TheFile menu lets you create a new function tree, edit an existing function tree, save function
panel information into & and.sub file on disk, or add function panels to a project.

The File menu operates like téle menu of the Project window. Refer to ChaptePi@ject
Window of theLabWindows/CVI User Manu&br more information about thiile menu.

For each IVI instrument driver,.sub file accompanies thép file. The.sub file contains
the information about the instrument driver attributes. You edit this information using the
attribute editor. When you save the contents .¢f afile, LabWindows/CVI also saves the
contents of thesub file automatically.

Edit
TheEdit menu lets you edit the objects on a function panel window. You have the following
options in theEdit menu.
» Cut Controls deletes the selected controls and copies them to the clipboard.
« Copy Controls copies the selected controls to the clipboard.
» Pasteinserts the contents of the clipboard into the selected function panel.

» Cut Paneldeletes the selected panel from the function panel window and copies it to the
clipboard.

« Copy Panelcopies the selected panel to the clipboard.
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< Edit Control lets you edit attributes of a control.

« Change Control Typelets you change the type of an existing control.

< Edit Function lets you edit a function.

« Alignment lets you align controls on a function panel.

« Align Horizontal Centers repeats your previous alignment operation.

« Distribution lets you distribute controls on a function panel.

< Distribute Vertical Centers repeats your previous distribution operation.
« Find allows you to locate a particular text string in the function panel file.

« Replaceallows you to replace a particular text string in the function panel file with
another text string.

e Control Help lets you create or modify help information for a specific control.

¢ Function Help or Window Help lets you create or modify help information for the
function.

Cut Controls

TheCut Controls command removes the selected controls from the function panel and places
the controls and their associated help information on the clipboard. The contents of the
clipboard stay in place when you change panels.

Copy Controls

The Copy Controls command copies the selected controls and their associated help
information to the clipboard. The contents of the clipboard stay in place when you change
panels.

Paste

The Pastecommand copies objects from the clipboard and places them on a function panel
window. You can paste the same object as many times as you need to.

You cannot paste a return value control on a function panel that already contains one.
A function panel can contain only one return value control.
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Cut Panel

The Cut Panel command removes the selected panel from the function panel window and
places the panel, its controls, and all the associated help information on the clipboard. The
contents of the clipboard stay in place when you change function panel windows.

Copy Panel

TheCopy Panelcommand copies the selected panel, its controls, and all the associated help
information to the clipboard. The contents of the clipboard stay in place when you change
function panel windows.

Edit Control

You can modify an existing control withdit Control . When you seledEdit Control, you
see the same series of dialog boxes you use to create the conti@te@tesection later in
this chapter discusses the proper use of these dialog boxes.

Change Control Type

You can change the type of a control withange Control Type When you seledhange
Control Type, a dialog box appears that lists the available control types.

Select the desired control type from the dialog box. When you select a new control type, you
see the same series of dialog boxes that you use to create the conttokdthsection later
in this chapter gives more information about using these dialog boxes.

If you change a control type from slide to ring, or vice versa, the new control type retains the
option list associated with the old control.

Edit Function

You can modify an existing function panel widit Function. When you seledidit
Function, you see the same series of dialog boxes you use to create the pafetdibe
section later in this chapter discusses the proper use of these dialog boxes.

Alignment

Alignment lets you align the selected controls. Rignment command operates like the
Alignment command in the User Interface Editor. Refer to Chaptesdr Interface Editor
Window of theLabWindows/CVI User Manu&br more information about th&lignment
command.
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Align Horizontal Centers

Align Horizontal Centers repeats your previous alignment operation. Align Horizontal
Centerscommand operates like tiddign Horizontal Centers command in the User
Interface Editor. Refer to ChapterUdser Interface Editor Windavef theLabWindows/CVI
User Manualfor more information about th&lign Horizontal Centers command.

Distribution

Distribution lets you distribute the selected controls. Thgtribution command operates
identically to theDistribution command in the User Interface Editor. Refer to Chapter 4,
User Interface Editor Windavef theLabWindows/CVI User Manuébr information about
theDistribution command.

Distribute Vertical Centers

Distribute Vertical Centers repeats the previous distribution. Thistribute Vertical
Centerscommand operates like tBéstribute Vertical Centers command in the User
Interface Editor. Refer to ChapterUdser Interface Editor Windavef theLabWindows/CVI
User Manualfor more information about tHaistribute Vertical Centers command.

Find

TheFind command allows you to locate a particular text string in the function panel file. You
can search for text in node names; function names; control labels; control values; item labels
in ring, slide, and binary controls; message control text; and help text. When you search in
help text, you cannot search in any of the other items at the same time. The search begins at
the function tree node for the current Function Panel Editor windowFifldecommand

always searches all controls on the panel regardless of whether any are currently selected.

If the Find command brings up a Help Editor window and you do not use the button bar, you
must return to the Function Panel Editor window or Function Tree Editor window to continue
searching throughout the function panel file. Hred command in the Help Editor window
searches only within the window. You can return to the Function Panel Editor window by
pressing <F8>. You can return to the Function Tree Editor window by pressing <F7>.

Replace

TheReplacecommand operates the same agHiihed command except that you can replace
the search string with another search string.

Control Help

You can add or modify context-sensitive help information for a particular control with
Control Help. Refer to Chapter Adding Help Informationfor more information about
adding help to a function panel.
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Function Help or Window Help

You can add or modify context-sensitive help information for the entire function panel
with Function Help or Window Help. Function Help corresponds to new style help and
Window Help corresponds to old style help. Refer to Chapté&iusiction Tree Editarfor

more information on how to set the help style of the instrument driver. Refer to Chapter 7,
Adding Help Informatiopfor more information about adding help to a function panel.

Create

The Create menu lets you add controls to a function panel. There are nine control types in
theCreate menu: input, slide, binary, ring, numeric, output, return value, global variable, and
message.

Function Panel Window, Function Panel,
and Common Control Panel

The function panel window is a collection of panels that represent all functions that users can
interactively call from that window. Two types of panels are associated with a function panel
window: function panels and common control panels. You can create controls on either type
of panel.

A function panel graphically represents a single function. Function panels can contain any of
the nine different control types. A function panel can have only one return value control. The
function panel window can contain more than one function panel.

A common control panel contains controls that are common to all functions represented by
function panels in the function panel window. Common control panels are useful only when
you have multiple function panels in the function panel window. Controls on the common
control panel appear as the first parameter of every function associated with a function panel
window. A function panel window can contain only one common control panel. You could
use a common control with an instrument driver that allows multiple instruments of the same
model type to exist on a GPIB board. In this case, the common control panel can contain a
control that is an index to specify which instrument is addressed.

@ Note In general, National Instruments recommends that you have only one function panel
per window and no common control panels.

© National Instruments Corporation 6-7 LabWindows/CVI Instrument Driver Guide



Chapter 6 Function Panel Editor

Input

An input control accepts a variable name or value entered from the keyboard. When you select
Create»Input, the dialog box shown in Figure 6-2 appears.

1 Create Input Control

|
Parameter Paositian: e‘ 1

|
|
Data Type: 31 int |
|
|

Default Yalue: 0
Cantral Width e

coce_|

Figure 6-2. Create Input Control Dialog Box

You see the following items in the dialog box:
e Control Label specifies the label that appears above the control on the panel.

« Parameter Positionlets you select the location of the control value in the function
parameter list. For a control in a common control panel, Parameter Position specifies the
control value in the parameter lists of all function panels in a function panel window.
The first position is one (1).

For a control on a function panel, Parameter Position specifies the control value in the
parameter list after the controls in the common control panel. The first position after
the controls in the common control panel is one (1). If there is no common control panel,
the first position is one (1).

« Data Typelets you select the data type of the item entered in the input control. The data
type can be one of any of the data types listed ilDdta Typesection in Chapter 3,
Developing an Instrument Driver

« Default Value specifies the default for the input control, which must be a valid value,
a constant name, or any other valid C expression.

e Control Width lets you specify the width of the control in pixels. The minimum allowed
is 24. The maximum allowed is 2,048.
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Slide

A slide control looks like a mechanical slide switch. A slide control specifies a parameter
value depending upon the position of the cross-bar of the slide control. When you select
Create»Slide the dialog box shown in Figure 6-3 appears.

i Create Slide Control

|
Parameter Position: el 1
[Data Type: el int
Default ' alue: fl

Label v alue Pairz... |
Cancel_|

Figure 6-3. Create Slide Control Dialog Box

You see the following items in the dialog box:
« Control Label specifies the label that appears above the control on the function panel.

« Parameter Positionlets you select the location of the control value in the function
parameter list. For a control in a common control panel, Parameter Position specifies
the control value in the parameter lists of all function panels in a function panel window.
The first position is one (1).

For a control on a function panel, Parameter Position specifies the control value in the
parameter list after the controls in the common control panel. The first position after
the controls in the common control panel is one (1). If there is no common control panel,
the first position is one (1).

» Data Typelets you select the data type of the values in the slide control. The data type
can be one of any of the data types listed irlthg Typessection in Chapter 3,
Developing an Instrument Driver

« Default Value lets you select the default for the slide control, which must be one of the
labels specified in the Edit Label/Value Pairs dialog box.
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¢ When you click on theabel/Value Pairsbutton, the Edit Label/Value Pairs dialog box
shown in Figure 6-4 appears.

ti Edit Label/¥alue Pairs

W alue: |

Inzert Mew ltenm:

Below Above

=l cu |
Copy |

¥

ak |
_'I Cancel |

Figure 6-4. Edit Label/Value Pairs Dialog Box

Use this dialog box to specify the label and value associated with each cross-bar position
on the slide control. A slide control can have up to 32 labels and associated values.

You see the following items in this dialog box:
— Label specifies a label that appears on the slide control.

— Value specifies the value, constant name, or expression associated with the label
entered in the Label text box.

— Thelist box below theabel andValue text boxes displays the labels and the values
of items that appear on the slide control.

Adding a Label and Value to the Slide Control List

Complete the following steps to add a label to the slide control list.

1. Type the label in thieabel text box and press <Enter>. The highlight moves t&/#hee
text box.

2. Type the value in thealue text box. You can use a constant name or any other valid
C expression.

3. Press <Enter> to add the label and value to the slide control list.

LabWindows/CVI adds the label and value after the label and value line that is currently
selected in the list box.
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Dialog Box Command Buttons

You perform all operations on the items in the list box by entering information int@kied
andValue text boxes and selecting one of the command buttons above or to the right of the
list box in the dialog box. You can select the following command buttons:

Below inserts a blank line below the selected line in the list box.

Above inserts a blank line above the selected line in the list box.

Cut removes the selected line from the list and places it in the clipboard.
Copy copies the selected line to the clipboard.

Pasteinserts the label and value line contained in the clipboard below the selected line
in the list box.

OK accepts the entries in the list box, then removes the dialog box.

Cancelcancels changes, removes the current dialog box from the screen, and returns you
to the Create Slide Control dialog box.

Binary

A binary control operates like a mechanical on/off switch. A binary control gives a parameter
value one of two predefined values, depending on whether the control is in the up or
down position. When you seleCteate»Binary, the dialog box shown in Figure 6-5 appears.

w1 Create Binary Control

|
Parameter Position: el 1 |
[Data Type: el int |
Default Yalue: ={] |

On/Off Settings.... |
Cancel_|

Figure 6-5. Create Binary Control Dialog Box

You see the following items in the Create Binary Control dialog box:

Control Label specifies the label that appears above the control on the panel.

Parameter Positionlets you select the location of the control value in the function
parameter list. For a control in a common control pdPelameter Positionspecifies

the control value in the parameter lists of all function panels in a function panel window.
The first position is one (1).
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For a control on a function pan€larameter Positionspecifies the control value in the
parameter list after the controls in the common control panel. The first position after
the controls in the common control panel is one (1). If there is no common control panel,
the first position is one (1).

Data Typelets you select the data type of the values in the binary control. The data type
can be one of any of the data types listed irDth& Typesection in Chapter 3,
Developing an Instrument Driver

Default Value lets you select the default for the binary control, which must be either the
On or Off label.

When you select th@n/Off Settingsbutton, the Edit On/Off Settings dialog box shown
in Figure 6-6 appears.

a1 Edit On/OFf Settings

OM YWalue: 1
OFF Yalue: 10

|
oif |
|
|

Ok Cancel |

Figure 6-6. Edit On/Off Settings Dialog Box

— ON Text specifies the label that appears next to the upper (on) position of the binary
control.

— OFF Text specifies the label that appears next to the lower (off) position of the
binary control.

— ON Value specifies the value, constant name, or valid C expression you want to
associate with the On label.

— OFF Value specifies the value, constant name, or valid C expression you want to
associate with the Off label.
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Ring
A ring control shows the user an option list. A ring control displays only one item at a time

from its list of options. When you seleRing from theCreate menu, the dialog box shown
in Figure 6-7 appears.

i1 Create Ring Control

|
Parameter Position; el 1 |
Drata Type: el int |
|
|

Default ' alue: el
Contral Width: 2128

Label v alue Pairz... |
Cancel_|

Figure 6-7. Create Ring Control Dialog Box

You see the following items in the Create Ring Control dialog box:
» Control Label specifies the label that appears above the control on the function panel.

» Parameter Positionlets you select the location of the control value in the function
parameter list. For a control in a common control pdPelameter Positionspecifies
the control value in the parameter lists of all function panels in a function panel window.
The first position is one (1).

For a control on a function pan@arameter Positionspecifies the control value in the
parameter list after the controls in the common control panel. The first position after
the controls in the common control panel is one (1). If there is no common control panel,
the first position is one (1).

» Data Typelets you select the data type of the values in the ring control. The data type
can be one of any of the data types listed irthg Typessection in Chapter 3,
Developing an Instrument Driver

» Default Value lets you select the default for the ring control, which must be one of the
labels specified in the Edit Label/Value Pairs dialog box.

e Control Width lets you specify the width of the control in pixels. The minimum allowed
is 24. The maximum allowed is 2,048.
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¢ When you click on theabel/Value Pairsbutton, the Edit Label/Value Pairs dialog box
shown in Figure 6-8 appears.

ti Edit Label/¥alue Pairs

W alue: |

Inzert Mew ltenm:

Below Above

_'I Canicel |

Figure 6-8. Ring Control Edit Label/Value Pairs Dialog Box

Use this dialog box to specify the label and value associated with each entry in the ring
control. A ring control can have up to 32,000 labels and associated values.

You see the following items in this dialog box:
— Label specifies a label that appears on the ring control.

— Value specifies the value, constant name, or expression associated with the label
entered in th&abel text box.

— The list box below theabel andValue text boxes displays the labels and the values
of items that appear on the ring control.

Adding a Label and Value to the Ring Control List

Complete the following steps to add a label to the ring control list:

1. Type the label in thieabel text box and press <Enter>. The highlight moves t¥shee
text box.

2. Type the value in thealue text box. You can use a constant name or any other valid
C expression.

3. Press <Enter>to add the label and value to the ring control list.

LabWindows/CVI adds the label and value after the label and value line that is currently
selected in the list box.
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Dialog Box Command Buttons

You perform all operations on the items in the list box by entering information intaktet
andValue text boxes and selecting one of the command buttons above or to the right side of
the list box. You can select the following command buttons:

* Belowinserts a blank line below the highlighted line in the list box.

« Aboveinserts a blank line above the highlighted line in the list box.

« Cut removes the highlighted line from the list and places it in the clipboard.
» Copy copies the highlighted line to the clipboard.

« Pasteinserts the label and value line contained in the clipboard below the highlighted
line in the list box.

» OK accepts the entries in the list box, then removes the dialog box.

» Cancelcancels changes, removes the current dialog box from the screen, and returns you
to the Create Ring Control dialog box.

Numeric

A numeric control is an input control that lets you increment a control using the up and
down arrows. When you seleCteate»Numerig the dialog box shown in Figure 6-9
appears.

&1 Create Mumeric Control

Cantral Label: |
Parameter Position: ei 1 |

Toper 2 float |
Diefault Yalue: 2 0.0 |
Dizplay Format: fl Floating Paint |
Preciziorn: el 2 |

Walue Set... |
Cancel_|

Figure 6-9. Create Numeric Control Dialog Box

You see the following items in the Create Numeric Control dialog box:
e Control Label specifies the label that appears above the control on the function panel.

» Parameter Positionlets you select the location of the control value in the function
parameter list. For a control in a common control pdPelameter Positionspecifies
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the control value in the parameter lists of all function panels in a function panel window.
The first position is one (1).

For a control on a function pan®arameter Positionspecifies the control value in the
parameter list after the controls in the common control panel. The first position after
the controls in the common control panel is one (1). If there is no common control panel,
the first position is one (1).

Data Typelets you select the data type of the values in the numeric control. You can
choose from the following data types:

int

short

char

unsigned int

unsigned short

unsigned char

double

float

or choose a user-defined data type for which you have specified an intrinsic type.

Default Value lets you select the default for the numeric control, which must be a valid
member of the value set.

Display Format lets you select the output format. You can display integers, longs, and
shorts in decimal, hexadecimal, octal or ASCII. You can display doubles and floats in
either scientific or floating-point notation.

Precisionlet you select how many digits that the control displays to the right of the
decimal point.

When you click on th&alue Setbutton, the Edit Value Set dialog box shown in
Figure 6-10 appears.

v Edit Yalue Set

:

Magimum: 5| 2147453645 00 |
Ine Walue: fh.[ll:l |

Ok Cancel |

Figure 6-10. Edit Value Set Dialog Box
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You see the following items in the Edit Value Set dialog box:
— Minimum lets you select the minimum value the numeric control accepts.
— Maximum lets you select the maximum value the numeric control accepts.

— Inc Value lets you select the amount the numeric control value increments or
decrements when the user presses the up or down arrows. The Vatu¥dhue
must divide evenly into the range of the numeric control.

Output

An output control displays the results of a function call. When you seteate»Output,
the dialog box shown in Figure 6-11 appears.

1 Create Dutput Control

Parameter Position: fi 1

|
|
Data Type: ei int |
Default Walue: |
Dizplay Format: fl Decimal |
Contral Width: =3 |

Cancel |

Figure 6-11. Create Output Control Dialog Box

You see the following items in the Create Output Control dialog box:
« Control Label specifies the label that appears above the control on the panel.

« Parameter Positionlets you select the location of the control value in the function
parameter list. For a control in a common control pdPelameter Positionspecifies
the control value in the parameter lists of all function panels in a function panel window.
The first position is one (1).

For a control on a function pan®arameter Positionspecifies the control value in the
parameter list after the controls in the common control panel. The first position after
the controls in the common control panel is one (1). If there is no common control panel,
the first position is one (1).

» Data Typelets you select the data type of the variable or value displayed in the output
control. The data type can be one of any of the data types listeddatth@&ypesection
in Chapter 3Peveloping an Instrument Driver
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Default Value lets you specify the default value that the control displays. you can leave
this item blank.

Display Format lets you select the format in which the output control displays values.
You can display integers, longs, shorts, and chars in decimal, hexadecimal, octal or
ASCII. You can display doubles and floats in either scientific or floating-point notation.
If the data type ishar* , void * , a meta data type, or an array, the display format
control is not valid.

Control Width lets you specify the width of the control in pixels. The minimum allowed
is 24. The maximum allowed is 2,084.

Return Value

A return value control displays a value returned from a function. You can use a return value
control only if the function has a non-void data type. When you sefeate»Return Value
the dialog box shown in Figure 6-12 appears.

v Create Return Yalue Control [ x] I
Cantrol Label: |
Data Type: fl int |
Dizplay Format; fl Decirnal |
Control width: =lE3 |

Catcel |

Figure 6-12. Create Return Value Control Dialog Box

You see the following items in the Create Return Value Control dialog box:

L]

Control Label specifies the label that appears above the control on the function panel.

Data Typelets you select the data type of the variable or value displayed in the return
value control. The data type can be any data type other than an array type or a meta data

type.

Display Format lets you select the format in which the return value control displays
values. You can display integers, longs, shorts, and chars in decimal, hexadecimal, octal
or ASCII. You can display doubles and floats in either scientific or floating-point
notation. If the data type ¢har* orvoid * , the display format control is not valid.

Control Width lets you specify the width of the control in pixels. The minimum allowed
is 24. The maximum allowed is 2,048.
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Glohal Variable

A global variable control displays the value of a global variable defined in LabWindows/CVI
when users operate the function panel. When you seleate»Global Variable, the dialog
box shown in Figure 6-13 appears.

ow1 Create Global Wariable Control

Global Vanable Mame:

|
|
Data Type: el int |
|
|

Dizplay Eormat: el Decimal
Contral Width: 2%

Carcel |

Figure 6-13. Create Global Variable Control Dialog Box

You see the following items in the Create Global Variable Control dialog box:
« Control Label specifies the label that appears above the control on the panel.

» Global Variable Name specifies the name of the variable whose contents are shown in
the global control.

» Data Typelets you select the data type of the item entered in the input control. The
data type can be one of any of the data types listed DatseTypesection in Chapter 3,
Developing an Instrument Driver

« Display Format lets you select the format in which the global variable control displays
values. You can display integers, longs, shorts, and chars in decimal, hexadecimal, octal
or ASCII. You can display doubles and floats in either scientific or floating-point
notation. If the data type &har * ,void * , a meta data type, or an array, the display
format control is not valid.

»  Control Width lets you specify the width of the control in pixels. The minimum allowed
is 24. The maximum allowed is 2,048.

Message

You can place text anywhere on the panel with a message control. This serves as an online
documentation tool for panels. When you sel&r&ate»Messagea dialog box appears.

Enter the desired text into the message text control and click Qkthoeitton. To enter a new

line in the message text control, press <Ctrl-Enter>. The text appears on the panel, and you
can position it like any other control.
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View
Use theView menu commands to view the current instrument driver function panels or the
most recently used function panels. The commands give easy access to function panels within
an instrument driver. Refer to Chaptettsing Function Panelsn theLabWindows/CVI
User Manua] for more information on th&iew menu.

Instrument

Use thdnstrument menu to load and edit instrument drivers and to specify which instrument
driver function panel to edit. THastrument menu operates identically to thestrument

menu on the Function Tree Editor menu bar. Refer to Chaptemstion Tree Editgrfor

more information about thastrument menu.

Tools
The Tools menu presents the following options:

« Create ActiveX Automation Controller generates a new instrument driver for an
ActiveX Automation Server. When you select reate ActiveX Automation
Controller command, LabWindows/CVI displays the ActiveX Automation Controller
Wizard.

e Create IVI Instrument Driver initiates the instrument driver developer wizard. Refer
to Chapter 3Developing an Instrument Drivefor more information on the instrument
driver developer wizard.

< Edit Instrument Attributes initiates the attribute editor. Refer to ChapteAtdribute
Editor, for more information on the attribute editor.

« Enable Auto Replaceenables the updating of instrument driver source files to reflect
changes to function names in the function tree. This option is global to
LabWindows/CVI, so enabling it in one Function Tree Editor window enables it for all
Function Tree Editor windows. This command is dimmed for function trees that have not
yet been saved.

When this option is enabled and not dimmed, LabWindows/CVI updates the instrument
driver.c , .h , and.sub files to reflect changes you make to function names or the
instrument prefix in the Function Tree Editor window or Function Panel Editor window.
When you change a function name, LabWindows/CVI prompts you for permission to
update your instrument driver to reflect the new name. When you change the instrument
prefix, LabWindows/CVI prompts you for permission to update your instrument driver

to reflect the new prefix.

e Generate Source For Function Panalenerates function definitions and declarations in
your driver source and header files. If a function definition already exists,
LabWindows/CVI prompts you for permission to update it. You can replace, insert above
or below, or skip without updating. Your choice also applies to the declaration.
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Go To Definition opens the driver source file and jumps to the definition of the function
that is currently selected in the function tree.

Go To Declaration opens the driver include file and jumps to the declaration of the
function that is currently selected in the function tree.

TheWindow menu lets you select which window to make active. Wredow menu
operates like th&vindow menu of the Project window. Refer to ChaptdPi@ject Window
in theLabWindows/CVI User Manudior more information about th&indow menu.

Options

The Options menu lets you invoke the Function Tree Editor or operate the current function
panel. TheDptions menu includes the following items:

Data Types

Toolbar

Default Panel Size
Panels Movable

Toggle Scroll Bars

Edit Function Tree
Operate Function Panel

Data Types

TheData Typescommand lets you specify the names of user-defined data types. Data types
you specify with théata Typescommand appear in the Data Type Ring control on the Edit
Control dialog boxes for input, slide, binary, ring, output, and global variable controls.

5

Note The.h file for the instrument driver must define the types that you specify with the
Data Typescommand.
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When you seledDptions»Data Typesthe dialog box in Figure 6-14 appears.

o Edit Data Type List

Tope:
Vilntlk |

Vilnt32 ‘l Move Up

VilInt32
ViRealfd Move Down
Vilntle[]
Filnt32[] Change...
ViRealbd[]
ViRsrc
ViSe==sion
WiChar[]
ViStatus
ViBoolean
ViBoolean[ ]
ViCon=tString

Delete...

Add Y154 Types

;I [Done

| B

Intrinzic Data Type: ﬁ unzigned shaort Help... |

Figure 6-14. Edit Data Type List Dialog Box

The items in the Edit Data Type List dialog box are as follows:
« Type specifies the name of a user-defined data type.

« Intrinsic Data Type allows you to associate each user defined data type with one of the
intrinsic C data types that you can use in a numeric control. If you select an item other
thanNone, you can use the user-defined data type as the data type for a numeric control.

e Add places the name in tfig/pe control in theData Typelist.
« Move Up moves the selected entry up one line inDia¢a Type list.
¢ Move Down moves the selected entry down one line inDha&a Type list.

e Changedisplays a dialog box that prompts you to change the selected entnDiatthe
Type list.

« Deleteremoves an entry in tHgata Typelist.
« Add VISA Types adds the special set of data types defined by the VISA 1/O library.
+ Doneaccepts edits to tHeata Type list and returns to the Function Panel Editor.
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Toolbar

TheToolbar command displays a dialog box that prompts you to select which icons appear
in the Function Panel Editor tool bar.

Default Panel Size

TheDefault Panel Sizeeommand sizes and positions the function panel so that it exactly fills
up the default function panel window size.

Panels Movable

The Panels Movablecommand lets you specify whether panels are movable within a
Function Panel Editor window. Panels are never movable in operate mode.

Toggle Scroll Bars

TheToggle Scroll Barscommand adds or removes horizontal and vertical scroll bars from a
function panel.

Edit Function Tree
TheEdit Function Tree command invokes the Function Tree Editor.

Operate Function Panel

The Operate Function Panelcommand lets you operate the current function panel window.

Moving Controls
When you create a control, the new control always appears in the same location on the
function panel. You can position a control anywhere on a function panel.
Complete the following steps to move a control using the keyboard.

1. Press <Page Up> and <Page Down> to move the highlight to the function panel that
contains the control.

Press the <Tab> key to move the highlight to the control.
3. Pressthe arrow keys to move the control up, down, left, or right to the location you want.
Press <Ctrl> and the arrow keys to position the control precisely.

To move a control using the mouse, click the mouse button on the control you want to move
and drag the control to the desired location.
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Moving Controls between Function Panels
You can move a control from one function panel page to another using the clipboard.

Complete the following steps to move a control from one page to another.
Select the desired control.

SelectEdit»Cut Controls.

3. Move to the new function panel.

4. SelectEdit»Paste

n

Selecting Multiple Controls

To select multiple controls, click and drag the mouse selector box around the controls you
want to select.

Function Panel Editor Examples

The following examples teach you about creating and editing function panel windows,
specifically creating a function panel window with one function panel, creating controls on a
function panel, changing the type of control, and cutting and pasting controls on a panel and
between panels.

Example—Creating a Function Window

In this example, you create a function panel without writing any code. The example panel
controls an oscilloscope with two channels and configures the vertical sensitivity, coupling,
and invert setting of the oscilloscope.

Complete the following steps to create a new instrument and panel.
1. SelecfFilexNew»Function Tree (*.fp)
2. SelecCreate»Instrument.

3. EnterFunction Panel Examples as theNameandpanel as thePrefix. Click
onOK.

4. SelectCreate»Function Panel Window
EnterConfigure as théNameandconfig as the~unction Name Click onOK.

6. Selectth&€onfigure node in the function tree and sel&dit»Edit Function Panel.
A new function panel window that contains a single function panel appears on the screen.
Notice that the code name of the function appears in the Generated Code window,
preceded by the prefix.

7. SelecCreate»Binary.
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8. Complete the Create Binary Control dialog box as shown in Figure 6-15.

w1 Create Binary Control

Parameter Position:

|
|
Data Type: i |
|

On A0 Settings... |
Cancel_|

Figure 6-15. Channel Create Binary Control Dialog Box

Drefault ' alue:

9. Click on heOn/Off Setting button and complete the Edit On/Off Settings dialog box as
shown in Figure 6-16. Click o0®K in both dialog boxeand position the control on the
panel.

& Edit On/Off Settings

Ok Text:
OFF Text:
O Walue:

ak. Cancel |

Figure 6-16. Channel Edit On/Off Settings Dialog Box

10. SelecCreate»Input.
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11. Complete the Create Input Control dialog box as shown in Figure 6-17. Cliik and
position the control on the panel.

iy Create Input Control

Control Label: Walks/Div |
Parameter Position: fl 2 |
Data Type: f‘ double [] |
Default Value: 1.0 |
Cantral Width 296 |

Catcel |

Figure 6-17. Volts/Div Create Input Control Dialog Box

12. SelecCreate»Slide
13. Complete the Create Slide Control dialog box as shown in Figure 6-18.

v Create Slide Control

Cantrol Label: Coupling |
Parameter Paosition: e‘ 2 |
' |

|

BT 2ine
Default Yalue: fl oC

Labelvalue Pairs... |
Cancel_|

Figure 6-18. Coupling Create Slide Control Dialog Box
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14. Click onLabel/Value Pairsand complete the Edit Label/Value Pairs dialog box as
shown in Figure. Click o®K in both dialog boxes and position the control on the panel.

tw Edit Label/¥alue Pairs

Walue: |

Inzert Mew ltam:

Below Above
AL 0 - Cut |
GMD 1 _I -
(] 2 T |
Paszte

oK |
;I Cancel |

Figure 6-19. Coupling Edit Label/Value Pairs Dialog Box

15. SelecCreate»Binary.
16. Complete the Create Binary Control dialog box as shown in Figure 6-20.

w1 Create Binary Control

Cantral Label: invert |

Parameter Position: ei 4 |

Data Type: fi int |

Diefault Value: ={0]] |
On A0 Settings... |

Cancel |

Figure 6-20. Invert Create Binary Control Dialog Box
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17. Click on theOn/Off Settings button and complete the Edit On/Off Settings dialog box
as shown in Figure 6-21. Click @K in both dialog boxes and position the control on
the panel.

Edit On/Off Settings

Figure 6-21. Invert Edit On/Off Settings Dialog Box

You now see the function panel shown in Figure 6-22.

&5 Function Panel Examples - Configure

B ##le]. el

Figure 6-22. Function Panel Window
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Example—Changing Control Type

In this example, you change the type of the Volts/Div control from an input control to a slide
control. Follow these steps:

1. Be sure the function panel window from the previous example is active, in edit mode.
Position the selection on thélts/Div control.

2. Selectdit»Change Control Type The dialog box shown in Figure 6-23 appears.

tw Change Input Control Type
ih

Binary

Ring

Humeric
COutput

Fieturn Y alue
Global W ariable

[ ]

ok, Cancel |

Figure 6-23. Change Input Control Type Dialog Box

3. SelectSlide and click onOK. The Edit Slide Control dialog box appears.
Click onLabel/Value Pairs. The Edit Label/Value Pairs dialog box appears.
5. Complete the dialog box as shown in Figure 6-24 and clic®kn

tw Edit Label/¥alue Pairs

Label |5 |

Walue: 5.0 |

Inzert Mew ltern:

Below Above

Ik .
o 20
oy

[ ]

Figure 6-24. Volts/Div Edit Label/Value Pairs Dialog Box
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6.

Function Panel Editor

Click onOK of the Edit Slide Control dialog box to replace the Volts/Div input control

with a slide control.

Suppose that you meant this control to be a ring control instead of a slide control. Follow
these steps:

Eal e

5.

Position the selection on thelts/Div control.
Selectdit»Change Control Type
SelecRRing. The Edit Ring dialog box appears.

Click onLabel/Value Pairs, leaving all other items unchanged. The Edit Label/Value
Pairs dialog box appears. Notice that the slide control label value pairs remain.

Click onOK.

A ring control replaces theolts/Div slide control on the function panel.

Example—Cutting and Pasting Controls

You frequently might want to cut and paste controls. In this example, you copy controls from
one panel to another. Complete the following steps to copy a control.

1.

© N o g A

Be sure the function panel from the previous example is active and in the Edit mode.
Position the selection on thelts/Div control.

SelectEdit»Control Help f or click the secondary mouse button on the control.
Enter the following text in the Help Editor dialog box:

This control specifies the volts per division setting of the
oscilloscope.

Selectile»Save .FP Fileand then seleétile»Closein the Help Editor dialog box.
With the selection still on théolts/Div control, selecEdit»Copy Controls.
SelectEdit»Paste

With the selection on the new control, seledit»Edit Control .

Change the Ring Control LabelYolts/Div 2 and the parameter positionzo

Notice in the Generated Code window thatdbefig function now has an additional
parameteny/olts/Div 2

Complete the following steps to create a new function panel and copy a control to the panel.

1.
2.

SeleciOption»Edit Function Tree.

Create a function panel window with the following parameters. NigpePanel in the
Namebox andnew_panel in theFunction Namebox.

Position the selection on tenfigure  node.
Select EditEdit Function Panel Windowto return to the Configure panel.
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Position the selection on the contvtlts/Div 2.

SelectEdit»Cut Controls.

Press <Ctrl-Page Down> to move to the New Panel function panel.
Selectdit»Paste

© N o O

The control appears on the panel. View the help information by seléditx@Control Help .
Notice that the help information is copied with the control.
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This chapter describes the types of help information available from an instrument driver and
how you can create help information.

New Style Versus 0ld Style Help

LabWindows/CVI has two styles of online help for instrument drivers: new (Recommended)
and old (LabWindows DOS). The old help style maintains compatibility with help
information created in LabWindows version 2.3 or earlier. This help style uses the DOS/IBM
character set so it can display special extended ASCII characters used by older instrument
drivers.

The new help screen style uses the standard Windows character set and automatically displays
the control help with control name and data type information.

There is also a difference in the type of help information that can be displayed. In either
new or old style help, you can view instrument help, function class help, and control help.
However, the help information for functions is displayed differently between the two styles.
This difference has an effect only when you have multiple function panels on a single function
panel window. In the new style, you can access function help for each function panel. In
the old style, you can access the function panel window help, which describes all the
functions contained in that function panel window.

National Instruments recommends that you use the new help style for all help information for
instrument drivers that you create in LabWindows/CVI. ChaptBuBg¢tion Tree Editar

gives more information on new and old style help. Most of the discussion in this chapter
assumes you are using the new style help.
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Help Options

The user of an instrument driver can view the following types of help information listed in

Table 7-1.
Table 7-1. Types of Help Information
Type of Help Location of Help
Instrument help function class and function help dialog boxes

Function class help | dialog box that appears when a user selects an instrument from
thelnstrument menu

Function help Help menu in the function panel window menu bar

(New style help only)

Function panel dialog box that appears when a user selects an instrument from
window help thelnstrument menu (Directly editable only in old style help. In

the new style help, it is generated from the function help for gach
function in the window)

Control help Help menu in the function panel window menu bar

Editing Help Information

There are four types of help information that you can enter: instrument, class, function, and
control. You can edit instrument and class help from the Function Tree Editor and function
and control help from the Function Panel Editor. Each of the editors lditamenu in the

menu bar. Sele&dit»Edit Help in the Function Tree Editor to add instrument and class help.
SelectEdit»Function Help andEdit»Control Help in the Function Panel Editor to add
function panel and control help.
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Complete the following steps to add help information:

1. From either the Function Tree Editor or the Function Panel Editor, select the item to
which you want to add help information.

2. Selectdit»Edit Help, Edit»Function Help, or Edit»Control Help in the menu bar.
The Help Editor window shown in Figure 7-1 appears.

& Help Editor: Error Code M=l &3
File Edit Toolz ‘Window Help

File: choviblhgenpurplgenpurp.fp
Wwitdow Marne: Error-Cuery

Control Mame: Ermor Code

This control returns the srror code read from the instrumnent's _‘I
ErTor gueus.

Figure 7-1. Help Editor Dialog Box

The Help Editor window contains a scrollable text box. You can scroll through the displayed
text using the arrow keys or the scroll bars.

You see the following items on the Help Editor window menu bar:

* File lets you load, save, and manipulate files.

e Edit lets you edit the help text in the window.

» Toolslets you jump back to the function panel or function tree node that the help text in
the window applies to.

*  Window lets you specify which window to make active.
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File

Edit

Tools

Adding Help Information

TheFile menu lets you create a new function tree, edit an existing function tree, save function
panel information into & and.sub file on disk, or add function panels to a project.
TheFile menu operates like thgle menu of the Project window. Refer to ChapteFise

Project Windowin theLabWindows/CVI User Manudlor more information about theile

menu.

For each IVl instrument driver,.sub file accompanies thé file. The.sub file contains
the information about the instrument driver attributes. You edit this information using the
attribute editor. When you save the contents .¢f afile, LabWindows/CVI also saves the
contents of thesub file automatically.

You see the following items in tHedit menu:
e Cut deletes the selected text in the window and copies the text to the clipboard.

« Copy copies the selected text in the window to the clipboard without deleting the selected
text.

« Pasteinserts the contents of the clipboard into the window at the location of the cursor.
« Deletediscards the selected text in the window without copying it to the clipboard.

* Find locates a particular text string in the Help Editor window.

« Replacereplaces particular text in the Help Editor window with other text.

* Revertreturns the most recently saved version of help text to the window.

You see the following items in tA@ols menu:

< Function Treebrings up the Function Tree Editor window and jumps to the function tree
node that contains the current help text.

« Function Panelbrings up the Function Panel Editor window for the function panel that
contains the current help text. If the help text applies to a particular control on the
function panel, th&unction Panelcommand selects the control.

Window

TheWindow menu lets you select which window to make active. Wiredow menu
operates like th@&Vindow menu of the Project window. Refer to ChaptePi@ject Window
in the LabWindows/CVI User Manuglor more information about th&indow menu.
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Instrument Help

When you are viewing help information for a function class or function panel window, click
thelnstrument Help button to see help information about the instrument driver as a whole.

You can add instrument help information in the Function Tree Editor. Complete the following
steps to enter the help information for the instrument.

1. Inthe Function Tree Editor, select the instrument node at the top of the function tree.

2. Selectdit»Edit Help . The Help Editor window appears. Alternatively, you can click on
the instrument node with the right mouse button to display the Help Editor window.

3. Enter the help text into the Help Editor window.

Function Class Help

To display help information about a class of function panel windows, select the class in the
Select Function Panel dialog box and click onttieép button.

You enter function class help information from the Function Tree Editor. Complete the
following steps to add help information:

1. Select the class node in the function tree.

2. Selectdit»Edit Help in the Function Tree Editor menu bar. The Help Editor window
appears. Alternatively, you can click on the class node with the right mouse button to
display the Help Editor window.

3. Enter the help text into the Help Editor window.

Function Help (New Style Help Only)

When you use the new help style, you can display help information that pertains to a specific
function panel by selectingelp»Function in the Function Panel menu bar. Alternatively,

you can click on the background of the function panel with the right mouse button to display
the function panel help.

When you use the new help style, you enter function panel help information from the Function
Panel Editor. Complete the following steps to add function panel help:

1. Activate the function panel.

2. Selectdit»Function Help in the Function Panel Editor menu bar. The Help Editor
window appears. Alternatively, you can click on the background of the function panel
with the right mouse button to display the Help Editor window.

3. Enter the help text into the Help Editor window.
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Refer to Chapter B;unction Tree Editarfor more information on changing between the new
and old style help modes.

Function Panel Window Help (Old Style Help Only)

When you use the old help style, you can display help information that pertains to a function
panel window by selectingelp»Window in the Function Panel menu bar. Alternatively, you
can click on the background of the function panel window with the right mouse button to
display the function panel help.

When you use the old help style, you enter function panel window help information from the
Function Panel Editor. Complete the following steps to add function panel window help.

1. SelectEdit»Window Help in the Function Panel Editor menu bar. The Help Editor
window appears. Alternatively, you can click on the background of the function panel
window with the right mouse button to display the Help Editor window.

2. Enter the help text into the Help Editor window.

Refer to Chapter B;unction Tree Editarfor more information on changing between the new
and old style help modes.

Control Help

You can display help information for a specific function panel control by selecting the control
and selectingdelp»Control in the Function Panel menu bar. Alternatively, you can click on
the control with the right mouse button to display the control help.

You enter control help information from the Function Panel Editor.

Complete the following steps to add help information for a function panel control.
1. Select the control.

2. Selectedit»Control Help in the Function Panel Editor menu bar. The Help Editor
window appears. Alternatively, you can click on the control with the right mouse button
to display the Help Editor window.

3. Enter the help text into the Help Editor window.

Help Information Examples

The following examples teach you about creating and editing help information, specifically
adding instrument and panel help information from the Function Tree Editor, adding panel
and control help information from the Function Panel Editor, and cutting and pasting help
information between controls.
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Example—Adding Help Information in the Function Tree Editor

In this example, you add instrument and function class help information to a function tree.
Complete the following steps to create a new instrument and function tree.

1. Chooseile»New»Function Tree (*.fp)
2. ChooseCreate»Instrument.

3. TypeHelp Information Examples as the Name anlp as the Prefix.
ClickonOK.

ChooseCreate»Class

EnterClass 1 as the Name. Click 00K .
Select the line beneath the nadiass 1
ChooseCreate»Function Panel Window

© N o g &

EnterFunction 1  as the Name arfdn1 as the Function Name. Click @K .

The new function tree appears as shown in Figure 7-2.

B Untitled1_fp Mi[=] E3

Eile Edit Create |nstrument Tools ‘Window Options Help

Kelp Infromation Examples =
Clzss I

Function 1

s

3.3 | Help Information Ezamples |

Figure 7-2. Sample Function Tree
The first level of help information is associated with the name of the instrument driver.

Complete the following steps to add help information to the top level of the tree.
1. Select the namigelp Information Examples

2. Selectdit»Edit Help, or click on the instrument name with the right mouse button.
The Help Editor window appears.
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3. Enter the following help information.

This driver was created to illustrate how to add help text to an
instrument driver.

4. Selectrile»Save .FP FilehenFile»Closeto save the text and remove the Help Editor
window.

Complete the following steps to add help informatioGitess 1
1. Select the nam@lass 1

2. SelecEdit»Edit Help or click on the class name with the right mouse button. The Help
Editor window appears.

3. Enter the following help information.

An example function class. The functions in this class are:
Function 1—The only function in the class.

4. Selectrile»Save .FP FilehenFile»Closeto save the text and remove the Help Editor
window.

Complete the following steps to view the help information.

1. SelectHelp Information Examples from thelnstrument menu. The Select
Function Panel dialog box appears.

SeleciClass 1 and click orHelp to display the Class Help window.
Click onInstrument Help to display the Instrument Help window.
Click onDoneto exit the Instrument Help window.

Click onDoneto exit the Class Help window.

o gk wDd

Click onCancelto exit the Select Function Panel dialog box.

Example—Adding Help Information in the Function Panel Editor

In this example, you add help information to function panels and function panel controls from
the Function Panel Editor. Double-click Banction 1~ from the previous example.

Complete the following steps in the Function Panel Editor to modify the help information for
the function panel.

1. SelectEdit»Function Help from theEdit menu. The Help Editor window appears.

2. Enter the following help information.
This function is the only function in Function Class.

3. Selectrile»Save .FP FilehenFile»Closeto save the text and remove the Help Editor
window.

Help information also is associated with each of the controls in a function.
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Complete the following steps to add a control to the current panel.
1. SelecCreate»Input.

2. Enterinput Control for theControl Label.

3. Click onOK.

Complete the following steps to add help information to the control.
1. Select the control.

2. Selectdit»Control Help . Alternatively, click the right mouse button on the control.
The Help Editor window appears.

3. Enter the following text in the Help Editor window.
This control is an input control on the Function 1 function panel.

5. Selecfrile»Save .FP FilehenFile»Closeto save the text and remove the Help Editor
window.

You have now added help information to all possible locations. Sefeins»Operate
Function Paneland then view the help information for the function panel.

Example—Copying and Pasting Help Text

In this exercise, you copy text between function panels, controls, and instruments. The
clipboard retains its contents as you move between controls, function panels, and even
instruments. Help text also stays with a control or function panel that is cut, copied, or pasted.

Complete the following steps to copy the help information between controls on different
panels.

1. Create a new function panel window from the Function Tree Editor.Fyjgion 2
in the Name box anfiin2 in the Function Name box.

2. TheFunction1 function panel should be on the screen in Edit mode. Double-click on
Function 1  in the Function Tree Editor.

3. SeleciCreate»Global Variable.

TypeStatus in theControl Label box andbsta in theGlobal Variable Namebox.
Leave all other items at their default settings. CliclOst.

5. Add the following help information to the Global Control.
This control displays the status of GPIB function calls.

Errors:

0 Success

non-zero See the STATUS control on any GPIB Library
function panel

6. SelecfFile»Save .FP filethenFile»Closeto save the text.
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Select the Status control. SelEdit»Copy Controls.
Press <Ctrl-Page Down> to display thaction 2  function panel.
9. SelectEdit»Paste The Status control appears on the function panel.

10. SelecOptions»Operate Function Paneknd view the help information. Notice that the
help information stays with a control when you copy that control.

Complete the following steps to copy the help teithout copying the control
1. SelecOptions»Edit Function PanelWindow.
2. SelectCreate»Global Variable.

3. Complete the Create Global Variable Control dialog box as follows.Hiype in the
Control Label box andberr  in theGlobal Variable Namebox. Leave all other items
at their default settings. Click @DK.

Select théStatus control.
Selectdit»Control Help or click the right mouse button on the control.

4
5
6. Select all the text in the dialog box.
7. SelectEdit»Copy.

8. Selectrile»Close

9. Select the Error control.

10. SelecEdit»Control Help or click the right mouse button on the control.
11. Selectdit»Paste The help information appears in the window.

12. Modify the text so it reads as follows:

This control displays the value of the GPIB global error variable.
The control displays the value of the error only when the STATUS
control is non-zero.

Errors:

0 Success

non-zero See the ERROR control on any GPIB Library
function panel

In these examples, you have learned to copy or move text from one control to another. Use the
same methods to copy and move help text between various locations. For example, copying
and moving panel, instrument, window, and control help within an instrument driver or across
instrument drivers.
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Programming Guidelines
for Instrument Drivers

This chapter contains general procedures and guidelines for creating IVI instrument drivers.
If you write instrument drivers for general distribution, these guidelines help ensure that your
driver behaves correctly, has a standard look and feel, and works on multiple platforms and
operating systems. This chapter shows you how to handle common situations you might
encounter. This chapter contains specific guidelines for GPIB, VXI, and RS-232 instruments.
However, you can apply this information to instruments that use other 1/O interfaces.

The examples in theabWindows/CVI Online Helfiustrate many of the procedures and
guidelines in this chapter.

Generating Driver Files

Always use the Instrument Driver Development Wizard to create your initial instrument
driver files. You can use the wizard to create your driver files from a template or an existing
driver. Refer to Chapter Bleveloping an Instrument Drivefor information about using the
Instrument Driver Development Wizard to create your instrument driver files.

Selecting a Template

Table 8-1 lists the templates that the Instrument Driver Development Wizard uses. Select a
template that best matches the capabilities of your instrument.

© National Instruments Corporation 8-1 LabWindows/CVI Instrument Driver Guide



Chapter 8

Programming Guidelines for Instrument Drivers

Table 8-1. Instrument Driver Class Templates

Template

Description

General Purpose
Template

Use this template only for instruments types for which

there is no class template. The template contains all
functions and attributes that 1Vl and \fdug&play
require. It also has utility routines that implement typig
low-level driver operations

Digital Multimeter
Template

Controls basic operations such as setting the
measurement function, range, and resolution. It also
includes advanced features such as configuring the tri
count and sample count and taking multipoint
measurements.

the

al

yger

Function Generator
Template

Controls basic operations such as outputting standar
waveforms. It also includes the ability to generate
arbitrary waveforms and configure the modulation.

Oscilloscope Template

Controls basic operations such as acquiring waveforn
using edge triggering and transferring waveform data|
from the instrument. It also includes features such as
configuring advanced acquisition types and trigger mo
and performing waveform measurements.

des

DC Power Supply
Template

Controls basic operations such as outputting DC pow
and configuring the over-voltage and over-current
protection. It also includes advanced features such a:
producing transient waveforms and monitoring the out]
voltage and current.

er

5

put

Switch Template

Controls basic channel connect and disconnect
operations. It also includes advanced switch features
as scanning.

such

Note The instrument class templates incorporate all the features of the general purpose
template as well as the features in Table 8-1.
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Procedures for Customizing Wizard-Generated
Driver Files

After you create the instrument driver files, you customize them to match the requirements of
your instrument. To customize the instrument driver files, you can modify the existing
attributes and functions, delete the attributes and functions that the instrument does not use,
or add new attributes and functions.

Refer to thdnstrument Driver AttributeandUser-Callable Functionsections later in this
chapter for more information and guidelines regarding attributes and functions.

Modifying Existing Attributes and Functions

When you use a template or modify an existing driver, the majority of your effort is to modify
the existing attributes and functions. If you develop your driver from a template, the code
contains extensive examples with instructions that help you customize the driver.

Complete the following steps to modify an attribute.

1. Edit the range table with the Range Tables dialog box of the attribute editor. Verify that
the table represents the range of values your instrument accepts.

2. Ifyou add new entries to the range table, fill in the actual value and help text information.

If you delete range table entries that use defined constants that the driver does not
otherwise reference, you must manually delete the constants from the header file.

4. Edit the attribute with the attribute editor. Verify that the attribute help information is
accurate for your instrument.

5.  Modify the implementation of the attribute callbacks.
Delete any modification instructions.
Test the attribute.

Complete the following steps to modify an instrument driver function.

Edit the function panel help.

Edit the function panel. Verify that all control help accurately describes your instrument.
Modify the function code to work with your instrument.

Delete any modification instructions.

S

Test the function.
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Deleting the Attributes and Functions

In many cases the template or existing driver contains attributes and functions that your
instrument does not use. You can delete attributes and functions from your instrument driver.

Complete the following steps to delete an attribute.

1.

Use the Range Tables dialog box of the attribute editor to delete the range tables for the
attribute.

If you delete range table entries that use defined constants that the driver does not
otherwise reference, you must manually delete the constants from the header file.

Use the attribute editor to delete the attribute callbacks and the defined constant for the
attribute ID.

Apply the changes in the source file.

Caution Never manually remove range tables from the source file. Always use the Range
Tables dialog box to delete range tables. Information regarding range tables resides in
multiple instrument driver files. Manually removing range tables can cause the instrument
driver to become unsynchronized.

Complete the following steps to delete an instrument driver function.

1.
2.
3.

Delete the function prototype from the header file.
Delete the function from the source file.
Delete the function node from the function tree.

Adding New Attributes and Functions

Your instrument probably requires attributes or functions that the wizard did not create. You
can add these attributes and functions to your instrument driver.

Complete the following steps to add a new attribute.

1.
2.

Create the attribute with the attribute editor.

Create a range table for the attribute from the Edit Attribute dialog box. Fill in the actual
value and help text information for each entry in the range table.

Edit the help for the attribute.

Place the new attribute in the appropriate position in the attribute hierarchy in the Edit
Driver Attributes dialog box.

Apply the changes in the source.

Use theGo To Callback Sourcecommand button to find the callback definitions in the
source file. Create the function body for each callback.

Test the new attribute.
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Complete the following steps to add a new instrument driver function.

Insert the new function in the appropriate position in the function tree.

Edit the function panel help.

Edit the function panel. Create all function panel controls and edit all control help.
Declare the new function in the instrument driver header file.

Insert the function code in the instrument driver source file.

o g A~ DD

Test the new function.

General Modifications

If you generate the driver files from a wizard template, comments at the beginning of the
source file give you additional instructions for customizing the driver files. Read these
comments and perform the corresponding modifications.

If you create the driver files from a class template, the source file also contains instructions
for modifying the driver for that type of instrument.

Instrument Driver Attributes

This section contains additional explanations and guidelines for implementing instrument
driver attributes. This section also contains extensive examples that illustrate common
approaches for implementing attributes.

Attribute ID Values

Each attribute in your instrument driver must have a macro that defines the ID value for the
attribute. There are three types of attributes in your instrument driver:

» Attributes that the IVI engine defines

* Attributes that the instrument class defines

» Attributes that only your instrument driver defines

You redefine the IVI engine and instrument class attributes using your instrument driver

macro prefix. The following example shows how to redefine attribute IDs for IVI engine
attributes. The example usg&445" as the macro prefix.

#define FL45_ATTR_RANGE_CHECK IVI_ATTR_RANGE_CHECK
#define FL45_ATTR_QUERY_INSTR_STATUS IVI_ATTR_QUERY_INSTR_STATUS
#define FL45_ATTR_CACHE IVI_ATTR_CACHE
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The following example shows how to redefine attribute IDs for instrument class attributes.

#define FLA5_ATTR_FUNCTION IVIDMM_ATTR_FUNCTION
#define FL45_ATTR_RANGE IVIDMM_ATTR_RANGE
#define FL45_ATTR_RESOLUTION IVIDMM_ATTR_RESOLUTION

The IVI engine and the instrument class headers have unigue values for the attributes IDs that
they define. Each new attribute that your instrument driver creates must have a unique 1D
value as well. The IVI engine header file defines attribute ID bases for this purpose. Use the
IVI_SPECIFIC_PUBLIC_ATTR_BASE macro to define public attributes in the instrument

driver header file. The following example shows how to define public attribute ID values.

#define FL45_ATTR_ID_QUERY_RESPONSE \
(IVI_SPECIFIC_PUBLIC_ATTR_BASE + 0L)
#define FL45_ATTR_HOLD_THRESHOLD  \
(IVI_SPECIFIC_PUBLIC_ATTR_BASE + 1L)
#define FL45_ATTR_HOLD_ENABLE \
(IVI_SPECIFIC_PUBLIC_ATTR_BASE + 2L)

The header file defines each attribute ID valu&BSPECIFIC_PUBLIC_ATTR_BASE plus
an offset. For each public attribute that you create, you increment the offset.

Use theVI_SPECIFIC_PRIVATE_ATTR_BASE macro to define the ID values for hidden
attributes. Place the ID definitions for hidden attributes in the instrument driver source file.
The example below shows how to define private attribute 1D values.

#define FL45_ATTR_OPC_TIMEOUT \
(IVI_SPECIFIC_PRIVATE_ATTR_BASE + 1L)

The source file defines each attribute ID valu&/asSPECIFIC_PRIVATE_ATTR_BASE
plus an offset. For each hidden attribute you create, you increment the offset.

Attribute Value Definitions

You define values for public attributes in your instrument driver header file. Typically, the
instrument class defines values for the attributes that it defines. You redefine the class values
using the macro prefix for your instrument driver. The following example shows how to
redefine class attribute values for use with your instrument driver. The examplEL4S8s

as the macro prefix.

#define FL45_VAL_DC_VOLTS IVIDMM_VAL_DC_VOLTS
#define FL45_VAL_AC_VOLTS IVIDMM_VAL_AC_VOLTS

#define FL45_VAL_DC_CURRENT IVIDMM_VAL_DC_CURRENT
#define FL45_VAL_AC_CURRENT IVIDMM_VAL_AC_CURRENT

If you add additional values that the instrument class does not define for an attribute, you must
ensure that the values are unique. Where possible, the instrument class defines extended value
bases for each attribute. You can add new attribute values starting at these bases. The
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following example shows how to add instrument-specific values for the measurement
function attribute of a DMM.

#define FL45_VAL_NEW_FUNCTION \
(IVIDMM_VAL_FUNC_SPECIFIC_DRIVER_EXT_BASE +1)

The example adds an offset to thiebDMM_VAL_FUNC_SPECIFIC_DRIVER_EXT_BASE
macro to create a unique attribute value. For each new value that you add, you increment the
offset.

Simulation

When the user enables simulation, your driver must not perform any instrument I/O. For
attributes, you typically perform instrument I/O only in the read and write callbacks. By
default, the IVI engine does not invoke the read and write callbacks during simulation.
Therefore, you generally do not have to worry about simulation when you implement the
callbacks for your attributes. However, you must prevent instrument 1/O in attribute callbacks
when simulating in the following situations:

* You perform instrument I/O in a callback other than the read or write callback. This does
not include calling the set and get attribute functions.

*  You perform instrument I/O in a read or write callback and the
IVI_VAL_USE_CALLBACKS_FOR_SIMULATIONflag is set for the attribute.

The following example shows how to use WieSimulating function to determine
whether to simulate instrument I/O.

if (!lvi_Simulating(vi)) /* call only when the session is locked */

{

/* Perform instrument /O here */

}

Data Types

The IVI engine allows you to create attributes with only a subset of the data types you can use
with instrument drivers. Table 8-2 shows what data types you can use for attributes.

Table 8-2. Data Types You Can Use for Attributes

Attribute Access Data Type
Public and Hidden attributes Vilnt32
ViReal64
ViString
ViBoolean
ViSession
Hidden attributes only ViAddr
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@ Note CreateviAddr attributes only for internal use within the instrument driver.

Callbacks

This section describes special requirements you must consider when you implement the
attribute callbacks.

Read and Coerce Callbacks for ViString Attributes

In general, the read and coerce callbacks have a reference parameter in which they
return the result of the operation to the IVI engine. You use an alternative mechanism
in read and coerce callbacks fdg6tring  attributes. For these attributes, you use the
Ivi_SetValinStringCallback function to return the string that the callback reads
or coerces.

The following example shows how to return a string to the IVI engine from the read callback
for avistring  attribute.

static ViStatus _VI_FUNC exampleAttridQueryResponse_ReadCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld,
const ViConstString cacheValue)

{
ViStatus error = VI_SUCCESS;
ViChar rdBufferlBUFFER_SIZE];
ViUInt32 retCnt;
viCheckErr( viPrintf (io, "*IDN?"));
viCheckErr( viRead (io, rdBuffer, BUFFER_SIZE-1, &retCnt));
rdBuffer[retCnt] = 0;
checkErr(Ivi_SetVallnStringCallback (vi, attributeld, rdBuffer));
Error:
return error;
}

You use the same technique to return the result of the coerce callback to the VI engine for
ViString  attributes.

Write Callbacks

Write callbacks receive the new setting for the attribute indhee input parameter. You can
assume that the IVI engine has already checked and coerced the value. Thus, the write
callback only has to write the value to the instrument.
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For message-based instruments, the write callback must build complete and independent
command strings. Each command string must be valid regardless of any other command
strings the driver might send beforehand or afterwards. This is particularly important if you
want your instrument driver to support deferred updates with buffered 1/0. When processing
deferred updates, the buffered 1/0 callback buffers the command strings from multiple
Ivi_SetAttribute operations into one command string. For the instrument to interpret the
command string correctly, you must begin all commands with the complete header
information and separate the individual commands with the appropriate termination character.

Reading Strings From the Instrument

The following two examples show the proper techniques for reading data into string variables
when you use théiScan andviRead functions.

Using viScanf

You typically use theiScanf function to read data from an instrument and parse the data in
one step. When you use thiécanf function to read data from the instrument into a string
variable, you must guard against writing past the end of the string variable. Use the following
technique to read data from the instrument and place it in a string variable.

ViChar rdBuffer[BUFFER_SIZE];
Vilnt32 rdBufferSize = sizeof(rdBuffer);

viChecKErr( viPrintf (io, "FUNC?;"));
viCheckErr( viScanf (io, "FUNC %#s", &rdBufferSize, rdBuffer));

checkErr( Ivi_GetVilnt32EntryFromString (rdBuffer,
&attrFunctionRangeTable, value, VI_NULL,
VI_NULL, VI_NULL, VI_NULL));

TheviScanf statement in the example shows how to use tmedifier. The format string
instructs VISA to place the data that follows the lit€&taNCin therdBuffer string variable.
The# modifier specifies the size of the buffer into whichlgzanf function places the
data. When VISA parses tilremodifier, it consumes the first parameter that follows the
format string. This parameter is the address of a variable that contains the size of the
rdBuffer. The example shows how to declare and initializedBaifferSize variable. After
theviScanf function executes, thelBufferSize variable contains the number of bytes,
including the ASCII NUL byte, that théScanf function wrote into thedBuffer variable.

Drivers that the Instrument Driver Development Wizard create contaBUtheER_SIZE
macro, which has the value 512. The example illustrates how you can use this macro to
declare the number of bytes in a local string variable.
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Using viRead

If you use theviRead function to read character data, you must account for the fact that the
ViRead function does not null-terminate character data. You must null-terminate the
character data explicitly.

Often, instruments return a carriage return or a line feed at the end of strings. Functions such
asScan or lvi_GetVilnt32EntryFromString use these characters for termination.
However, the templates do not assume that instruments have this behavior.

The following example illustrates how to use tiRead function.

ViChar  rdBuffer[BUFFER_SIZE];
VilInt32 retCnt;

viCheckErr( viwrite (io, "*IDN?", 5, VI_NULL));
viCheckErr( viRead (io, rdBuffer, BUFFER_SIZE-1, &retCnt));
rdBuffer[retCnt] = 0;

checkErr( Ivi_SetVallnStringCallback (vi, attributeld, rdBuffer));

The example declareg@Buffer character array with a size ®FFER_SIZE The example
passe8UFFER_SIZE-1 to theviRead function as the maximum number of bytes to store
in rdBuffer. TheviRead function terminates when it reaBSFFER_SIZE-1 bytes or
encounters a termination character. The exampleBI$ESER_SIZE-1 so that if the
maximum number of bytes are read, enough room remains in the array to append the
ASCII NUL byte. After the function executes, thretCnt variable contains the number of
bytes theviRead function stored in thedBuffer character array. The next line shows how
to use theetCnt variable to null-terminate the stringiridBuffer .

Caution Never pass a buffer that is not null-terminated to
Ivi_SetVallnStringCallback

Range Table Callbacks

Range table callbacks return the address of a range tablerantfeTablePtr reference
parameter. These callbacks must guard against returning bad range table addresses to the
IVI engine. If a range table callback cannot determine which range table to use or encounters
an error, the callback must retirln NULL as the range table address. The following example
shows how to structure the shell of a range table callback.

static ViStatus _VI_FUNC exampleAttrRange_RangeTableCallback
(ViSession vi, ViConstString channelName,
ViAttr attributeld,
IviRangeTablePtr *rangeTablePtr)

ViStatus error = VI_SUCCESS;
IviRangeTablePtr tbIPtr = VI_NULL,;
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Vilnt32 function;

/*
NOTE: Insert code here to select the correct range table. Set
the tbIPtr local variable to the address of the range table.

*/

Error:
*rangeTablePtr = tbIPtr;
return error;

}

The example creates a lotdRangeTablePtr variable calledblPtr and initializes it to
VI_NULL. The comment shows where to insert the code that determines the correct range
table and sets the value of théPtr variable. In the error block, the example shows how to
set thaangeTablePtr output parameter to the address thattitittr variable contains. If the
example encounters an error beforettiiBtr variable is set, this approach guarantees that
therangeTablePtr reference parameter retuivisNULL . Otherwise, the function returns the
appropriate range table address.

Range Tables

You create range tables to describe the possible values for an attribute. You typically use static
range tables for this purpose. If the user initializes multiple instruments with the driver, each
IVI session shares the static range tables. Therefore, the driver must not programmatically
change the values of a static range table. Doing so changes the range table for all sessions.

If you must modify a range table programmatically, you must dynamically allocate the range
table with thavi_RangeTableNew function and then store the range table address with the
IVI session. Thettributes with a Changing Valid Rangection later in this chapter shows

an example of this technique.

Attribute Examples

The section shows techniques you can use to implement source code for your instrument
driver attributes. The section covers three common attribute types. For each attribute type,
an example shows how to implement the range table and the write and read callbacks.

Attributes that Represent Discrete Settings

A typical type of attribute is one that represents a set of discrete instrument settings. The
attribute that controls the measurement function of a DMM is an example of this type of
attribute. The following example shows a range table for a measurement function attribute.
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static IviRangeTableEntry attrFunctionRangeTableEntries[] =

{

k

{EXAMPLE_VAL_DC_VOLTS, 0,0, "DCV CMD", 0},
{EXAMPLE_VAL_AC_VOLTS, 0,0, "ACV CMD", 0},
{EXAMPLE_VAL_DC_CURRENT, 0, 0, "DCA CMD", 0},
{EXAMPLE_VAL_AC_CURRENT, 0, 0, "ACA CMD", 0},
{EXAMPLE_VAL_2_WIRE_RES, 0, 0, "2WRES CMD", 0},
{IVIl_RANGE_TABLE_LAST_ENTRY}

static IviRangeTable attrFunctionRangeTable =

{

k

IVI_VAL_DISCRETE,
VI_FALSE,

VI_FALSE,

VI_NULL,
attrFunctionRangeTableEntries

The range table type i8I_VAL_DISCRETE . The range table defines the possible discrete
settings and the corresponding command strings for the attribute. The following example

shows a typical write callback that uses the discrete range table.

static ViStatus _VI_FUNC exampleAttrFunction_WriteCallback

(ViSession vi, ViSession io,
ViConstString channelName,

ViAttr attributeld, Vilnt32 value)

ViStatus error = VI_SUCCESS;
ViString cmd;

checkErr( Ivi_GetVilnt32EntryFromValue (value,

&attrFunctionRangeTable,

viCheckErr( viPrintf (io, ":FUNC %s;", cmd));

Error:

return error;

}

VI_NULL, VI_NULL,
VI_NULL, VI_NULL, &md, VI_NULL));

The write callback assumes that the value it receives iratbe parameter is valid. The write
callback for the attribute performs the following operations:

1. Uses thévi_GetVilnt32EntryFromValue

function to search the range table for the

command string that corresponds to the value it receives irathe parameter.

2. Formats and writes the command string to the instrument.
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The example shows how to build the complete command string from a command header
(":FUNC), the command string found in the range table, and a termination charatter ("

The following example shows a read callback for the attribute.

static ViStatus _VI_FUNC exampleAttrFunction_ReadCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, Vilnt32 *value)

ViStatus error = VI_SUCCESS;

ViChar rdBuffer[BUFFER_SIZE];

Vilnt32 rdBufferSize = sizeof(rdBuffer);

viChecKErr( viPrintf (io, "FUNC?;"));

viCheckErr( viScanf (io, "FUNC %#s", &rdBufferSize, rdBuffer));

checkErr( Ivi_GetVilnt32EntryFromString (rdBuffer,
&attrFunctionRangeTable, value, VI_NULL,
VI_NULL, VI_NULL, VI_NULL));

Error:
return error;

}

The read callback performs the following operations:

1. Sends a command stringfONC?) that instructs the instrument to return the current
measurement function setting.

2. Parses the response, discarding any header information.
Finds the corresponding value in the range table and seisltieeoutput parameter.

You can usually structure the read and the write callbacks so that they use the same range
table.

Attributes with discrete settings are oftéimt32  attributes. You can use this technique for
ViReal64 attributes as well. HowevevjReal64 attributes usually represent a continuous
range of instrument settings or a continuous range that the instrument coerces to a group of
discrete settings. Refer &itributes that Represent a Continuous Raag@Attributes that
Represent a Continuous Range with Discrete Settorgaore information on these types of
attributes.
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Attributes that Represent a Continuous Range

Another common type of attribute represents a continuous range of valid instrument settings.
The data type for this kind of attribute is usuallReal64 but also can beiint32 . The
attribute that controls the trigger delay of a DMM is an example of this type of attribute.

The following example shows a range table for an attribute with a continuous range.
static IviRangeTableEntry attrTriggerDelayRangeTableEntries[] =

{
{0.0, 10.0, 0, "™, 0},
{IVI_RANGE_TABLE_LAST_ENTRY}
J2

static IviRangeTable attrTriggerDelayRangeTable =

{
IVI_VAL_RANGED,
VI_TRUE,
VI_TRUE,
VI_NULL,
attrTriggerDelayRangeTableEntries

h

The range table type i8I_VAL_RANGED. The range table defines the range of values the
instrument accepts for the attribute. The following example shows the write callback.

static ViStatus _VI_FUNC exampleAttrTriggerDelay_ WriteCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, ViReal64 value)

ViStatus error = VI_SUCCESS;

viCheckErr (viPrintf (io, ":TRIG:DEL %Lf;", value));
Error:

return error;

}

The write callback assumes that the value it receives wratbe parameter is valid. The write
callback uses this value to format and write the command string to the instrument. The
example shows how to build the complete command string from a command header
(":TRIG:DEL "), the value held in thealue parameter, and a termination charactget)("
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The following example shows the read callback.

static ViStatus _VI_FUNC exampleAttrTriggerDelay_ReadCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, ViReal64 *value)

{
ViStatus error = VI_SUCCESS;
viCheckErr( viPrintf (io, "TRIG:DEL?"));
viCheckErr( viScanf (io, "%Lf", value));
Error:
return error;
}

The read callback performs the following operations:

1. Sends a command stringRIG:DEL? ") that instructs the instrument to return the
current trigger delay setting.

2. Parses the response and setsdhee output parameter.

Attributes that Represent a Continuous Range
with Discrete Settings

Another common attribute type represents a continuous range, but the instrument only uses a
set of discrete values that are within the range. Instruments can implement these attributes in
two ways.

e The instrument accepts only the discrete values that fall within the range.
* The instrument accepts any value within the range but coerces the value internally.

For either case, this example shows how to implement this type of attribute in your driver.

An example of this type of attribute is the measurement resolution attribute for a DMM.
The example below shows a coerced range table.

static IviRangeTableEntry attrResolutionRangeTableEntries[] =

{
{0.0, 3.5, 3.5, "LOW", 0},
{3.5, 4.5, 4.5, "MID", 0},
{4.5, 5.5, 5.5, "HIGH", 0},
{IVI_RANGE_TABLE_LAST_ENTRY}
I3
static IviRangeTable attrResolutionRangeTable =
{

IVI_VAL_COERCED,
VI_TRUE,
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VI_TRUE,
VI_NULL,
attrResolutionRangeTableEntries

k

The range table type igl_VAL_COERCED The range table defines the possible ranges, the
coerced values that the instrument uses for each range, and the corresponding response
strings. The following example shows the write callback.

static ViStatus _VI_FUNC exampleAttrResolution_WriteCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, ViReal64 value)

{ ViStatus error = VI_SUCCESS;

viCheckErr (viPrintf (io, ":RES %Lf;", value));
Error:

return error;
}

The write callback assumes that the value it receives ivatlne parameter is valid and is a
coerced value that the instrument accepts. The write callback uses this value to format and
write the command string to the instrument. This example shows how to build the complete
command string from a command headeRES"), the value held in thealue parameter, and

a termination character; (™).

The following example shows the read callback.

static ViStatus _VI_FUNC exampleAttrResolution_ReadCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, ViReal64 *value)

{
ViStatus error = VI_SUCCESS;
ViChar rdBufferflBUFFER_SIZE];
Vilnt32 rdBufferSize = sizeof(rdBuffer);
viCheckErr (viPrintf (io, ":RES?;"));
viCheckErr (viScanf (io, "%#s", &rdBufferSize, rdBuffer));
checkErr (lvi_GetViReal64EntryFromString (rdBuffer,
&attrResolutionRangeTable, value, VI_NULL,
VI_NULL, VI_NULL, VI_NULL));
Error:
return error;
}
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The read callback performs the following operations:

1. Sends a command strindRES?") that instructs the instrument to return the current
resolution setting.

2. Reads the response.
3. Finds the corresponding value in the range table andaatsoutput parameter.

This example shows how to use a range table to convert the instrument response to a
corresponding value that the function can return. In many cases, the function can return the
actual value that the instrument sends. In this case you can modifgdiie® statement to

read the string, parse the response, and s&tthe output parameter in one step. The
following example shows an alternative way to useviBeanf function.

viCheckErr( viScanf (io, "%Lf", value));

Attributes with a Changing Valid Range

The previous three examples use a single static range table to describe the valid values for the
attribute. In many cases, the valid value for an attribute depends on other instrument settings.
For these cases, a single range table is not adequate. There are two approaches for this kind
of attribute.

« Use multiple static range tables.
e Use a dynamic range table.

A major advantage of these approaches is that the IVI engine still performs the checking and
coercion operations for the attribute. In both of these approaches, the driver installs a range
table callback, and the VI engine uses the range table callback to obtain the correct range
table.

In some cases, it is not possible to describe the valid values and coercion rules for an attribute
with range tables. Refer to tlheck, Coerce, and Compare Callbaskstion later in this
chapter for information on how to structure check and coerce callbacks.

The following sections illustrate how to use multiple static range tables and use a dynamic
range table.

Using Multiple Static Range Tables

If the number of static range tables necessary to describe the valid values for the attribute is
fairly small, do the following:

« Create a static range table for each configuration.

» Install a range table callback that selects the correct range table for the current
configuration.
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The measurement range attribute of a DMM is a common example of this type of attribute.
The valid values for the measurement range attribute often depend on the current setting of
the measurement function attribute. The following example shows typical range tables for the
measurement range attribute. For simplicity, this example shows the range tables that
correspond only to the volts DC and resistance settings for the measurement function.

static IviRangeTableEntry VDCRangeTableEntries[] =

{
{00, 0.1, 0.1,"R1",0},
{01, 1.0, 1.0,"R2", 0},
{ 1.0, 10.0, 10.0,"R3", 0},
{10.0, 100.0, 100.0, "R4", 0},
{100.0, 1000.0, 1000.0, "R5", 0},
{IVI_RANGE_TABLE_LAST_ENTRY}
h
static IviRangeTable VDCRangeTable =
{
IVI_VAL_COERCED,
VI_TRUE,
VI_TRUE,
VI_NULL,
VDCRangeTableEntries,
h
static IviRangeTableEntry ohmsRangeTableEntries[] =
{
{ 0.0, 100.0, 100.0,"R1", 0},
{ 100.0, 1000.0, 1000.0,"R2", 0},
{ 1000.0, 10000.0, 10000.0, "R3", 0},
{10000.0, 100000.0, 100000.0, "R4", 0},
{100000.0, 1000000.0, 1000000.0, "R5", 0},
{IVI_RANGE_TABLE_LAST_ENTRY}
h
static IviRangeTable ohmsRangeTable =
{
IVI_VAL_COERCED,
VI_TRUE,
VI_TRUE,
VI_NULL,
ohmsRangeTableEntries,
h

The driver uses théDCRangeTable when the measurement function is set to volts DC and
theohmsRangeTable when the measurement function is set to resistance. The following
example shows a range table callback that selects the correct range table.
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static ViStatus _VI_FUNC exampleAttrRange_RangeTableCallback
(ViSession vi, ViConstString channelName,
ViAttr attributeld,
IviRangeTablePtr *rangeTablePtr)

ViStatus error = VI_SUCCESS;
IviRangeTablePtr tblPtr = VI_NULL;
Vilnt32 function;

checkErr (lvi_GetAttributeVilnt32 (vi, VI_NULL,
EXAMPLE_ATTR_FUNCTION, 0, &function));
switch (function)
{
case EXAMPLE_VAL DC VOLTS:
tbIPtr = &VDCRangeTable;
break;
case EXAMPLE_VAL 2 WIRE_RES:
tbIPtr = &ohmsRangeTable;
break;
default:
viCheckErr (IVI_ERROR_INVALID_CONFIGURATION);
break;

}

Error:
*rangeTablePtr = tblPtr;
return error;

}

The range table callback performs the following operations:

1. Gets the current value of the measurement function attribute.

2. Uses awitch statement to select the correct range table.

3. Sets theangeTablePtr output parameter to the address of the range table.

You install the range table callback for the attribute after you create the attribute with the
Ivi_AddAttribute function as follows:

checkErr( Ivi_AddAttributeViReal64 (vi, EXAMPLE_ATTR_RANGE,
"EXAMPLE_ATTR_RANGE", 1.0, 0,
exampleAttrRange_ReadCallback,
exampleAttrRange_WriteCallback, VI_NULL,

0));
checkErr (Ivi_SetAttrRangeTableCallback (vi, EXAMPLE_ATTR_RANGE,
exampleAttrRange_RangeTableCallback));
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The following example illustrates how to get the correct range table in a write callback by
declaring a variable of typeiRangeTablePtr and passing its address to the
Ivi_GetAttrRangeTable function.
static ViStatus _VI_FUNC exampleAttrRange_WriteCallback

(ViSession vi, ViSession io,

ViConstString channelName,

ViAttr attributeld, ViReal64 value)

ViStatus error = VI_SUCCESS;
ViString cmd;
IviRangeTablePtr rangeTablePtr;

checkErr( Ivi_GetAttrRangeTable (vi, "', EXAMPLE_ATTR_RANGE,
&rangeTablePtr));

checkErr( Ivi_GetVilnt32EntryFromValue (value, rangeTablePtr,
VI_NULL, VI_NULL, VI_NULL, VI_NULL, &cmd,
VI_NULL));

viCheckErr (viPrintf (io, ":RANG: %s;", cmd));

Error:
return error;

}

You use the same technique to get the range table in the other callbacks for the attribute.

Using Dynamic Range Tables

If the number of range tables is excessively large or if the values in the range table are the
result of a calculation, do the following:

1. Dynamically allocate a range table with tieRangeTableNew  function.

2. Pass the range table pointer toltheAddAttribute function call that creates the
attribute.

3. Install a range table callback for the attribute. The callback gets the address of the
dynamic range table with thei_GetStoredRangeTablePtr function, sets the

values in the range table for the current instrument configuration, and returns the range
table address in thangeTablePtr output parameter.

The following example shows how to create a range table dynamically, pass the address of the
range table to thii_AddAttribute function, and install a range table callback.

IviRangeTablePtr tablePtr = VI_NULL;
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checkErr(lvi_RangeTableNew (vi, 10,1, VI_TRUE, VI_TRUE, &tablePtr));

checkErr (lvi_AddAttributeViReal64 (vi,
EXAMPLE_ATTR_DYNAMIC_RANGE_TABLE,
"EXAMPLE_ATTR_DYNAMIC_RANGE_TABLE", 0, O,
exampleAttrDynamicRangeTable_ReadCallback,
exampleAttrDynamicRangeTable_WriteCallback, tablePtr, 0));

checkErr (lvi_SetAttrRangeTableCallback (vi,
EXAMPLE_ATTR_DYNAMIC_RANGE_TABLE,
exampleAttrDynamicRangeTable_RangeTableCallback));

The following example shows how to manipulate dynamic range tables in a range table
callback.

static ViStatus _VI_FUNC
exampleAttrDynamicRangeTable_RangeTableCallback
(ViSession vi, ViConstString channelName,
ViAttr attributeld, IviRangeTablePtr *rangeTablePtr)

{
ViStatus error = VI_SUCCESS;
IviRangeTablePtr tblPtr = VI_NULL;
viCheckErr( Ivi_GetStoredRangeTablePtr (vi,
EXAMPLE_ATTR_DYNAMIC_RANGE_TABLE,
&tblPtr));
/* Set the values in the range table here. */
Error:
*rangeTablePtr = tblPtr;
return error;
}
The range table callback performs the following operations:
1. Gets the range table address you pass twiti#eldAttribute function for the
attribute.

Sets the entries in the range table that are appropriate for the current configuration.
Returns the address of the range table imahgeTablePtr output parameter.

Check, Coerce, and Compare Callbacks

The IVI engine supplies default callbacks that perform the basic check, coerce, and compare
operations for attributes. The default check and coerce callbacks use the range table or range
table callback the driver installs for an attribute to check and coerce values for the attribute.
The default compare callback uses the comparison precision the driver passes in the
Ivi_AddAttributeViReal64 function to perform the compare operation.
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In some cases, it is not possible to describe the checking, coercion, or comparison rules for
an attribute by using a range table or a comparison precision value. Usually, the driver must
perform operations additionto those that the default check, compare, or coerce callbacks
perform. In these cases, you can take the approach that the following example illustrates.
static ViStatus _VI_FUNC exampleAttrRange_CheckCallback

(ViSession vi, ViConstString channelName,
ViAttr attributeld, ViReal64 value)

ViStatus error = VI_SUCCESS;
[* Perform additional checking here */

checkErr( Ivi_DefaultCheckCallbackViReal64 (vi, channelName,
attributeld, value));
Error:
return error;

}

The callback first performs the additional operations and then calls the appropriate default
callback in the IVI engine. Table 8-3 shows the attribute callbacks for which you can use this
approach.

Table 8-3. Attribute Callbacks that Can Call the Appropriate Default Callback

Attribute Data Type Default Callbacks Supported

Vilnt32 check callback
coerce callback

ViReal64 check callback
coerce callback
compare callback

ViBoolean coerce callback

User-Callable Functions

You add user-callable functions to your instrument driver to control the instrument operations
that you want to make available to users. All user-callable functions have a function panel
interface and return error and status information. The functions that you develop can merely
manipulate your instrument driver attributes, or they can perform instrument I/O directly. This
section gives explanations and guidelines for implementing user-callable functions in your
instrument driver.
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Instrument Driver Function Structure

When you develop user-callable functions, you must develop them in a fashion that is
consistent with the state-caching, simulating, multithread safety, and error handling features
of other drivers in the National Instruments IVI driver library. To make developing
user-callable functions easier, LabWindows/CVI defines a standard function structure.

The following example illustrates the general structure of a user-callable function.

JRHr * * * * *kk * * * * *

* Function:  Fl45_StdFunction
* Purpose: This function shows a standard approach for error
* handling.

ViStatus _VI_FUNC FI45_ StdFunction (ViSession vi)

{
ViStatus error = VI_SUCCESS;

/* Perform instrument function here */

Error:
return error;

}

This standard function includes the following features:

« The function declares a local variable with the namer and a type o¥iStatus . The
declaration initializes the variableW SUCCESS The function records error and status
information in the variable.

A Caution The function contains a label nam&dror:" . When the function encounters
an error, the function sets theror variable and jumps to th&ror label. The code
following theError label is called th&rror  block.

* The last line of code in the function isedurn  statement that returns the value of the
error variable. The function must have no otleturn  statements.

This structure encourages a consistent clean-up and error handling strategy for the function.
The function localizes all cleanup and error handling irEthe block. If the function
encounters an error, it jumps to teor block, handles the error, and performs any
necessary clean-up operations, such as freeing temporary data you dynamically allocate. If
the function does not encounter an error, the program flows throughdhe block and still
performs the clean-up operations.

The IVI engine defines a set of error macros that you use when you implement your
instrument driver functions. These macros help you determine when an error occurs, set the
appropriate error information, and jump to theor block. Refer to théabWindows/CVI

Online Helpfor detailed information on how to use the error macros.
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You fill in the standard function structure with the code that performs the operation for your
instrument. You can divide the function code you write into the following steps:

Lock the instrument driver session.

Check parameters.

Set or get attribute values.

Perform instrument 1/O if you are not simulating.

a e

Create and return simulated data if the function has output parameters and you are
simulating.

Check the instrument status.

o

7. Unlock the session.
Return the value of theror variable.

The following example illustrates all the steps just listed.

J* * * * *kk KKk * * * * * *

* Function:  Fl45_Measure
* Purpose: This function sets the measurement function and reads
* a measurement.

ViStatus _VI_FUNC FI45_Measure (ViSession vi, Vilnt32 function,
ViReal64 *reading)

{
ViStatus error = VI_SUCCESS;

ViChar rdBufferlBUFFER_SIZE];
Vilnt32 retCnt;

checkErr( Ivi_LockSession (vi, VI_NULL));
if (reading == VI_NULL)
viCheckParm( IVI_ERROR_INVALID_PARAMETER, 3,
"Null address for Reading.");

viCheckParm( Ivi_SetAttributeVilnt32 (vi, FL45_ATTR_FUNCTION,
function),2, “Function”);

if ('lvi_Simulating(vi))
{
[* perform io */
ViSession io = lvi_lOSession();
checkErr( Ivi_SetNeedToCheckStatus (vi, VI_TRUE));
viCheckErr( viwrite (io, "VAL1?", 5, VI_NULL));
viCheckErr( viRead (io, rdBuffer, BUFFER_SIZE-1, &retCnt));
rdBuffer[retCnt] = 0;

if (Scan (rdBuffer, "%f", reading) != 1)
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viCheckErr( VI_ERROR_INV_RESPONSE);
}

else

{

[* simulate output parameters */
*reading = rand ();

}
checkErr( FI45_CheckStatus (vi));

Error:
Ivi_UnlockSession(vi, VI_NULL);
return error;

@ Note This example is not the actual measure function from the Fluke 45 instrument driver.
It has been modified to illustrate all the possible features of a user-callable function.

TheFl45_Measure example performs the following operations:

Locks the IVI session.

Verifies that theeading output parameter address is non-NULL.

Sets th&L45 _ATTR_FUNCTIONattribute to the value déinction.

Performs instrument I/O if thei_Simulating function returns/I_FALSE.

a s~ b

Creates simulated data for tteading output parameter if thei_Simulating
function returns/I_TRUE.

Checks the instrument status.
Unlocks the VI session.
8. Returns the value @fror.

The following sections reference this example to discuss the various features of a
user-callable instrument driver function.

Locking/Unlocking the Session

In general, user-callable functions lock the IVI session at the beginning of the function and
unlock the IVI session before returning. THé5 Measure example shows how to use the
Ivi_LockSession andlvi_UnlockSession functions for this purpose.

A Caution You must not attempt to lock or unlock the IVI session inPifedix_init ,
Prefix_InitWithOptions , Prefix_Ivilnit , andPrefix_IviClose functions.
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Refer to theabWindows/CVI Online Helfor detailed information on how to use the locking
functions.

Parameter Checking

An important step for user-callable functions is to check the parameters of the function. You
must consider the following four types of parameters when range checking.

e Thevi session parameter

« Input parameters that the function passes to one afiti8etAttribute functions
* Input parameters that the function uses directly

* Reference parameters

You do not check thei session parameter in the function. TWieLockSession reports
an appropriate error if the session is invalid.

You do not check parameters that you pass to one of tisetAttribute functions. The
IVI engine invokes the check callback for the attribute to check these values. You use the
viCheckParm macro to report errors that the IVI engine returns.

You do check parameters that the function uses directly. If the parameter checking has a
significant performance penalty, check the parameters only ¥ittRangeChecking
function returns/I_TRUE. You use th&iCheckParm macro to report an error.

In most cases, user-callable functions use input parameters to set attributes, and the 1VI engine
checks the values. Therefore, user-callable functions typically do not range check parameters
explicitly.

You must verify that reference parameter addresses are not NULL. You always perform this
type of checking regardless of the value thatith®angeChecking ~ function returns. If

the address is NULL, you use tii€heckParm macro to report the error and set the error
elaboration string ttNull address for <parameter name>."

TheFl45_Measure example illustrates the following:
e Thelvi_LockSession reports an appropriate error if thieis invalid.

* The IVI engine checks the value of thumction parameter when the
Ivi_SetAttributeVilnt32 function executes.

e The function always checks the address held imehding reference parameter. If
reading is NULL, the function sets the error elaboration stringiteladdressfor
Reading" .
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Accessing Attributes

You typically implement user-callable functions by manipulating attributes. Many
user-callable functions only calli_SetAttribute functions. When you call one of the
Ivi_SetAttribute or lvi_GetAttribute functions, you must consider the following:

« Call thelvi_GetAttribute andlvi_SetAttribute functions rather than the
Prefix _GetAttribute andPrefix _SetAttribute functions that your driver
exports. ThePrefix_ functions are for the instrument driver user only.

« Always call the get and set attribute functions regardless of whether you are simulating.
Thus, place calls to the get and set attribute functions outside of any
simulation/non-simulation block. The IVI engine handles simulation for attributes,
including the validation of attribute values.

TheFl45_Measure example shows how to set the measurement function attribute.

Performing Direct Instrument 1/0

If a user-callable function performs direct I/O to the instrument, the function must not perform
the 1/0 when simulating. Use tihé_Simulating function to determine whether
simulation is enabled.

Before performing direct instrument I/O, use WielOSession  function to obtain the I/O
session handle for the instrument and pASSRUE to thelvi_SetNeedToCheckStatus
function.

TheFl45_Measure example illustrates how to perform direct instrument I/O in a
user-callable function.

Simulating Output Parameters

When simulating, user-callable functions must return simulated data in output parameters.
The IVI engine handles simulation for you in thie GetAttribute functions. The VI
engine returns the state of the attribute. Therefore, if the function obtains the value for an

output parameter by calling one of thie GetAttribute functions, the function doewt
have to create simulated data.

A user-callable function is responsible for creating the simulated data if the function uses
direct instrument I/O to obtain the value for the output parameter when simulation is disabled.

TheFl45_Measure example illustrates how to create and to return simulated data for output
parameters.
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Checking the Instrument Status

In general, you call therefix _CheckStatus utility function before th&rror block in all
user-callable functions. This rule does not apply to the following functions:

Prefix _init

Prefix _InitWithOptions

Prefix _close

Prefix _lviClose

Prefix _error_query

Prefix _error_message

ThePrefix _CheckStatus function is a utility function that calls the check status callback.
Drivers that you develop from an IVI template already have a check status utility function.
The check status utility function calls the check status callback when the following conditions
are true:

*  Thelvi_QuerylnstrStatus function returnsg/I_TRUE.
¢ Thelvi_NeedToCheckStatus function returng/|_TRUE.
e Thelvi_Simulating function returns/I_FALSE.

The IVI engine sets a flag for the instrument session whenever it calls a read or write callback.
The flag indicates that instrument 1/0 has occurred.l\ihBeedToCheckStatus

function returns the value of this flag. TReefix _CheckStatus function uses the
Ivi_NeedToCheckStatus function to determine if instrument 1/O has occurred since the
driver last checked the instrument status. If no instrument 1/0O has occurred, the check status
utility function does not check the instrument status. This enables the check status utility
function to query the instrument status only when necessary.

Therefore, whenever a user-callable function performs direct instrument 1/O, it must call the
functionvi_SetNeedToCheckStatus before performing the 1/O. This causes the

Prefix _CheckStatus utility function to query the instrument status the next time it
executes.

TheFI45_Measure example shows how to use thie SetNeedToCheckStatus function
and thePrefix _CheckStatus utility function to perform status checking in user-callable
functions.
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Functions that Only Set Attributes

Not all user-callable functions perform direct instrument I/O. Some functions only set
attributes. Examples of such functions are the high-level functions that configure groups of
related attributes. You must structure such functions so that they set the attributes in the
correct order for the instrument.

@ Note The configuration functions enable the instrument driver user to set multiple
attributes without having to understand the order dependencies between the attributes. The
IVI state-caching mechanism prevents redundant instrument I/O from occurring in the
configuration functions.

The following example shows a function that only sets attributes.

/
* Function:  Fl45_Configure
* Purpose: Configures the common attributes of the DMM.
/

ViStatus _VI_FUNCFI45_Configure (ViSessionvi, Vilnt32 measFunction,
ViReal64 range, ViReal64 resolution,
ViReal64 acMinFreq, ViReal64 acMaxFreq)

ViStatus error = VI_SUCCESS;
checkErr( Ivi_LockSession (vi, VI_NULL));

viCheckParm( Ivi_SetAttributeVilnt32 (vi, VI_NULL,
FL45_ATTR_FUNCTION, 0, measFunction), 2,
"Measurement Function");

viCheckParm( Ivi_SetAttributeViReal64 (vi, VI_NULL,
FL45_ATTR_RANGE, 0, range), 3, "Range");

viCheckParm( Ivi_SetAttributeViReal64 (vi, VI_NULL,
FL45_ATTR_RESOLUTION, 0, resolution), 4,

"Resolution");
/*
Set the AC min/max frequencies only if configuring an AC
measurement
*/
switch (measFunction)
{

case FL45_VAL_AC_VOLTS:

case FL45_VAL_AC_CURRENT:

case FL45_VAL_AC_PLUS_DC_VOLTS:
case FL45_VAL_AC_PLUS_DC_CURRENT:
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viCheckParm( Ivi_SetAttributeViReal64 (vi, VI_NULL,
FL45_ATTR_AC_MIN_FREQ, 0, acMinFreq), 5,
"AC Min Frequency");

viCheckParm( Ivi_SetAttributeViReal64 (vi, VI_NULL,
FL45 ATTR_AC_MAX_FREQ, 0, acMaxFreq), 6,
"AC Max Frequency");

break;

}
checkErr( FI45_CheckStatus (vi));

Error:
Ivi_UnlockSession(vi, VI_NULL);
return error;

}

Notice the following important features of the example function.

e The function doegsot perform parameter checking.

* The function doesot have a simulating or non-simulating block.
¢ The functiondoescheck the instrument status.

Initialization Functions
There are two special considerations regarding the initialization functions.

¢« Donotcall lvi_LockSession or Ivi_UnlockSession in thePrefix _init
Prefix _InitWithOptions , andpPrefix _Ivilnit functions.

e Check the instrument status in only ¥refix _Ivilnit function.

Channel Strings

IVI drivers use channel strings to identify the channels of an instrument. Typically, the
Prefix _lvilnit function calls thevi_BuildChannelTable function to specify the
valid channel strings for the instrument driver.

For a multi-channel instrument, you typically use channel strings sugt2as, 4, orAl

throughA4 andDO0 throughD15. If your instrument has a front panel, use the channel names
from the front panel. For message-based devices, the front panel channel name is usually the
same as the component of the instrument command string that identifies the channel. If the
instrument commands use different strings to identify channels, do the following:

e Use the front panel channel names as the channel strings.

« Create a utility function that converts a front panel channel name to the appropriate
command string component for the instrument.

If your instrument does not support multiple channels, you mustLlusas the only valid
channel string.
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Close Functions

There are four special considerations regarding the close function.

* InthePrefix _IviClose function, set thévi ATTR_I0_SESSION attribute to
VI_NULL before calling the&iClose function.

e Do not calllvi_LockSession or lvi_UnlockSession in thePrefix _IviClose
function.

* InthePrefix _close function, calllvi_UnlockSession before calling
Ivi_Dispose

* Do not check the instrument status.

Developing Portable Instrument Drivers

An important consideration in developing an instrument driver is making the driver portable
across multiple compilers and operating systems. There are established guidelines for the
development of portable instrument driver code. The primary issues in developing portable
instrument driver code involve data types, the declaration of user-callable functions, and the
use of Scan and Formatting functions.

Instrument Driver Data Types

A subset of the VISA data types exists for use in the development of LabWindows/CVI
instrument drivers. Use only these data types when defining instrument driver function
parameters. The data types strictly define the type and size of the parameters and therefore
enhance the portability of the functions to new operating systems and programming
languages. Refer to Table 8-4 for a list of VISA data types.

Table 8-4. VISA Data Types

VISA Type Name Definition
Vilnt16 Signed 16-bit integer
Viuint16 Unsigned 16-bit integer
Vilnt32 Signed 32-bit integer
ViUInt32 Unsigned 32-bit integer
ViReal64 64-bit floating-point number
Vilnt16[] An array ofVvilnt16 values
Vilnt32[] An array ofvilnt32  values
ViReal64][] An array ofViReal64 values
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Table 8-4. VISA Data Types (Continued)

VISA Type Name Definition
ViChar[] A string buffer
ViConstString A read-only string
ViRsrc A VISA resource descriptosifing )
ViSession A VISA session handle
ViStatus A VISA return status type
ViBoolean Boolean value
ViBoolean[] An array ofViBoolean values

Declaring Instrument Driver Functions

The VISA 1/O library also defines th&/I_FUNC macro that you must use when prototyping
the user-callable functions of an instrument driver. Table 8-5 contains the macro definition for
each platform.

Table 8-5. VISA I/0 Library Macros

LabWindows/ Outside the
CVvI LabWindows/CVI
Environment Environment Windows
Macro (Windows 3.1) (Windows 3.1) 95/NT UNIX
_VI_FUNC _pascal _far _pascal _export __stdcall

The macro resolves differences between various platforms. UsgItf@NC macro to
define the calling convention of all user-callable functions.

The following example of an instrument driver function prototype uses the VISA data types
and macros.

ViStatus _VI_FUNC tek2430a_read_waveform (ViSession instrSession,
ViReal64 wvfm[],ViReal64 *xin,
ViReal64 *trig_off);
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Using Scan and Fmt Functions

In devices that manipulate large arrays of data, such as oscilloscopes or arbitrary waveform
generators, the instrument driver developer usually transfers data from computer to
instrument or from instrument to computer in a binary format to improve throughput and
performance. When you transfer data in a binary format, you must manipulate arrays of
binary data, typically integer arrays. Under normal circumstances, manipulating arrays

of binary data is not a problem. However, the differences between operating systems and
programming languages in which the drivers might be used in the future require more
attention in this area. Specifically, LabWindows/CVI is a multi-platform application and

must account for byte ordering on different platforms. With this in mind, you must give
special consideration to code segments that handle binary instrument data.

The following important rules exist for developing portable instrument driver code using
Scan andFmt functions.

« Ifyou are using &can or Fmt statement to manipulate binary data that has been received
from an instrument or that will be sent to an instrument, usenaadifier on the side of
theScan or Fmt statement that represents the binary data.

Theo modifier describes the byte ordering in relation to Intel ordering.

Example: Intel [001]
Motorola [010]

* Whenever you are scanning or formatting binary data, use an array of eithsrotype
long , or one of the VISA data types, rather than sinialy. The representations of
shorts, longs, and the VISA data types are the same on all LabWindows/CVI1 platforms.

* When using &can or Fmt statement to scan or format data in to or out of an array of
typeshort , long , or one of the VISA data types, use thmodifier to represent the
width of the data. When you are scanning or formatting data in to or out of an array of
typeint , do not use thb modifier to represent the width of the data.

The following code example shows the correct way to scan binary data that you receive from
an instrument. In the code example, ¢iiead function transfers the binary waveform
information from the instrument to tleend buffer. Then theScan function parses the binary
information and places it in théintl6 arraywavefrm . Notice the following:

« Theo modifier is on the side of thgécan statement that represents the binary data that
you receive from the instrument.

« Theb modifier is used on both sides of thean function. It represents the size of the
binary data and the element size of waefrm array.

Vilnt16 wavefrm[4000];
ViUInt32 retCnt;

ViCheckErr (viRead (10, cmd, 1024, &retCnt));
Scan (cmd, “%*d[zb2010]>%*d[b2]", 512, 512, wavefrm);
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Error-Reporting Guidelines

One of the most important operations performed in an instrument driver is reporting the status
of each operation. Each user-callable routine is a function with a return value of the type
ViStatus  that returns the appropriate error or warning value.

Table 8-6 presents a scheme for determining error values. It lists predefined error codes for
instrument drivers.

Table 8-6. Suggested Error Values

Value Meaning

0 No error occurred.

Positive values Completion or warning codes, such as warnings for instrument
driver features that are not supported by the device or I/O
completion codes the VISA 1/O libraries return.

Negative values Errors that are detected in an instrument driver, such as the
range-checking of function parameters or I/O errors the VISA
I/O libraries report.

Refer toLabWindows/CVI Online Helfpr a complete list of VI error codes that you can use
in your driver.

The defined names for completion and error codes in Tables 8-7 and 8-8 are resolved in the
file vpptype.h . By including the filevpptype.h  in your instrument driver header file, you

can use these defined names in your instrument driver, and users of your driver can use them
in their application programs.

Table 8-7. Instrument Driver Completion and Warning Codes

Completion Code Description Error Number
VI_SUCCESS No error: the call was successf —
VI_WARN_NSUP_ID_QUERY Identification query not 0x3FFC0101L

supported
VI_WARN_NSUP_RESET Reset not supported O0x3FFC0102L
VI_WARN_NSUP_SELF_TEST Self-test not supported 0X3FFC0103L
VI_WARN_NSUP_ERROR_QUERY| Error query not supported Ox3FFC0104L
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Table 8-7. Instrument Driver Completion and Warning Codes (Continued)

Completion Code Description Error Number
VI_WARN_NSUP_REV_QUERY Revision query not supported | 0x3FFC0105L
— Instrument-specific warnings | 0x3FFC0800 to
Ox3FFCOFFF

Table 8-8. Instrument Driver Error Codes

Status Description Error Numbers
VI_ERROR_FAIL_ID_QUERY Instrument identification query | OxBFFC0011L
failed
VI_ERROR_INV_RESPONSE Error interpreting instrument O0xBFFCO0012L
response
VI_ERROR_PARAMETER1 Parameter 1 out of range OxBFFCO0001L
VI_ERROR_PARAMETER2 Parameter 2 out of range OxBFFC0002L
VI_ERROR_PARAMETERS3 Parameter 3 out of range OxBFFCO0003L
VI_ERROR_PARAMETER4 Parameter 4 out of range OxBFFCO0004L
VI_ERROR_PARAMETERS Parameter 5 out of range OxBFFCO005L
VI_ERROR_PARAMETERG6 Parameter 6 out of range OxBFFCO0006L
VI_ERROR_PARAMETER7 Parameter 7 out of range OxBFFCO0007L
VI_ERROR_PARAMETERS8 Parameter 8 out of range OxBFFCO0008L
— Instrument-specific errors O0xBFFC0800 to
OxBFFCOFFF

VI_ERROR_INV_RESPONSEKETTror in interpreting an instrument respor)ge an important
error code. This error occurs wheSean statement tries to parse data from an erroneous
instrument response. In the following coste,ERROR_INV_RESPONSIS returned if the
scan does not place data in tieader andwvfm variables.

if (Scan (in_data,

“051027i[b1u]>%3i[b1]%1024f

", header, wvfm) 1= 2)

ViCheckErr (VI_ERROR_INV_RESPONSE)

Refer to theerror ReportingandError Macrossections in theabWindows/CVI Online Help
for additional guidelines on reporting errors.
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General Programming Guidelines

The following guidelines relate to general programming practices.

Base your instrument driver on an existing instrument driver or one of the class templates.
Avoid declaring function names that exceed 31 characters.

Choose an instrument prefix to precede all user-callable function and global variable
names. The prefix uniquely identifies the instrument driver.

Make the base filename of the instrument driver files the same as the prefix for the
instrument driver and the base filename of.the file. For example, the filenames for
a driver might beek2430a.fp , tek2430a.sub ,tek2430a.c , andtek2430a.h

Use only the VISA /O library to perform instrument 1/0O where possible.
Use only the VISA data types.

Include the filevpptype.h  in the include file for your instrument driver. Include the file
visa.h in the source code for your instrument driver.

Declarevoid any function that does not return a value. You must include a return value
control in a panel for functions that return values.

Avoid declaring large arrays within instrument drivers because arrays use large amounts
of memory.

Do not use th&mtOut, printf , and User Interface functions.

Avoid using Advanced Analysis Library functions in instrument drivers. Many
LabWindows/CVI users do not have the Advanced Analysis Library.

Test all the instrument drivers you create. Test them in LabWindows/CVI and in
standalone applications.

You must not declare global or static local variables. Instead, create attributes to store
the data.

If it is an error for the user to set an attribute when the instrument is in certain
configurations, you must check for these conditions in the check callback rather than the
write callback. Because the default check callback only uses the range table, you must
create a custom callback for this purpose. However, you can call the
Ivi_DefaultCheckCallback function in your custom callback.

Use only the IVI memory allocation functions to dynamically allocate memory in your
instrument driver.

Function Panels

The function panels link the user and the user-callable functions. Function panels let users
interactively control the instrument and develop application programs. You should create
function panels with the user in mind. Make the panels look like other instrument drivers in
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the LabWindows/CVI Instrument Library. Arrange controls neatly and center them on the
panel. Place the instrument ID control in the lower left corner. Place the error return control
in the lower right corner of every function panel. When your function panels resemble others
in the library, users feel more comfortable with your instrument driver.

Function Tree Hierarchy

The function tree defines the relationship between each function panel. Users think in terms
of high-level application operations suchi@igalize , Configure , Measure , and so

on. Group the functions in the function tree accordingly. Make function trees from similar
instruments look similar.

For example, Figure 8-1 shows the Fluke 45 instrument driver function tree.

B c:\temp\FI45.Ip M[=]
File Edit Create Instument Toolz Window Options Help

Fard

Initiali=
Initialize With Options
Anolfioseion Funcelons
Measure
Confraura fXon Funcfrons
Conf igure
Conf igure Trigger
Conf igure Compare Hode
Conf igure Decibel Hode
Configure Hold Hodifier
Configure Min-Haxz Hode
Configure REelative Hode
Sttt theck dEErihure
SimE drfrrhuis
Set Attribute Vilnti?Z
Set Attribute ViRealdd
Set Attribute ViBoolean
Set Attribute ViString
Set Attribute ViSession
Set Attribute Vikddr
mEe drirrhues
Get Attribute Vilnt3?Z
et Attribute ViRealfd
et Attribute ViBoolean
Get Attribute ViString
Get Attribute ViSession
Get Attribute Viiddr
Lheck derribule
Check Attribute ¥ilnt3?Z
1-61 | Fluke 45 Dual Display Multimeter |

-

SN

Figure 8-1. Fluke 45 Digital Multimeter Function Tree
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The functions are easy to understand, and the instrument driver user can immediately
incorporate them into an application program. Develop your function tree with an application
in mind and place the functions in the natural order in which they will be used. Again, keep
your function tree consistent with others in the LabWindows/CVI Instrument Library so that
users feel familiar with your instrument driver.

Documentation Guidelines

Writing useful documentation is an essential step in developing instrument drivers. Proper
documentation helps the user understand the instrument driver and its functions. Instrument
driver documentation consists of the following:

¢ Online help from within LabWindows/CVI function trees and function panels.

¢ A .doc file you distribute with the instrument driver files. It is an ASCI| file that contains
the online help from the function panels.

Online Help

5

Users consult the online help of an instrument driver frequently. Relevant help information in
a consistent format makes using the instrument driver easier. Include online help at every level
of the instrument driver.

The following examples present the types of help information found in the Fluke 45
instrument driver. Use these example help screens as a guide when editing online help for
your instrument driver.

Note You should add help text when you create or edit the function tree or function panels.
Online help text is stored as part of tige file.
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Instrument driver help describes the instrument driver. Figure 8-2 shows instrument help
for the Fluke 45 instrument driver.

& Help Editor: Fluke 45 Dual Display Multimeter

Mi[=]
File Edit Toolz ‘Window Help
File: FL45.FF
Instrurnent Mame: Fluke 45 Dual Digplay Multimeter
Thiz instrument module provides programming support for the _ﬂ
Fluke 45 Digital Multimeter.

The driwer contains all the

functions that IVI and VEIplugiplay require. In addition, the
driver contains high-lewvel function= that take a measurement in
a =ingle operation. The driwer al=o containzs lower-lewvel
functions that you can use to configure the instrument.

initiate
neasurenshts, and retrieve data in separate operations.

Figure 8-2. Fluke 45 Instrument Help
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Function class help briefly describes all the functions and subclasses beneath the selected
function class. Figure 8-3 shows function class help from the Fluke 45 instrument driver.

&5 Help Editor: Configuration Functions =] B3
File Edit Toolz ‘Window Help

File: FL45.FP

Clase Mame: Configuration Functions

Thi= cla== contains function= that configure the DMM. The class;l
includes high-lewel function= to configure the baszic measuremnent

operation, trigger. compare mnode, decibel mnode,
minsmax modse, and relative node.

hold mode.
low—-lewvel =et, get.

The cla=ss also contains the
and check attribute functions |

Figure 8-3. Fluke 45 Function Class Help
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* Function panel help describes the function call. Figure 8-4 shows the function panel help
from the Fluke 45 instrument driver.

=5 Help Editor: init [_ (O] =]
File Edit Toolz ‘Window Help

File: c:\temp\Fl45.fp
Window Mame: Initialize

Function Mame: init

Thiz function performs the following initialization actions:

|»

— Creates & new IVI instrument driwver =session.

— Opens a session to the specified device u=sing the interface
and address =pecified in the Resource_Hame control.

— Performs an identification query on the Instrument.
— Fesets the instrument to a known state.

— Sends initialization commands to set the instrument to the
=ztate necessarv for the operation of the instrument driver.

— Returns an Instrument Handle which is used to differentiate
between different sessions of this instrument driver.

— Each time this function i= invoked a UTnigue Session is opened. |
It i= pos=ible to have more than one =s=es=zion open for the zane
resource . _'I

Figure 8-4. Fluke 45 Function Panel Help
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e Control help contains a description of the parameter, the valid range, and the default

value. Figure 8-5 shows an example of function panel control help from the Fluke 45
instrument driver.

&5 Help Editor: Resource Name =] B3
File Edit Toolz ‘Window Help

File: :\empFl45.fp
Wwindow Mame: [nitialize

Control Hame: Resource Wame

Pa=z=z the resource name of the dewice to initialize. =
Refer to the following table below for the exact grammar to use

for this paramater. Optional fields are shown in sgquare
brackets ([]).

Interface Syntax

GFIB GPIB[board]: : <primary address:
[ :zecondary addresz]. . INSTR

U=ze the GPIB keyword for GPFIE instrument=. If vou do not —
specify a value for an optional field. the following walues are

uzed
Optional Field Value
board
=zecondary address none (31}
=
Figure 8-5. Fluke 45 Function Panel Control Help
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e Status help contains a description of the parameter and the possible error values.
Figure 8-6 shows an example of status control help from the Fluke 45 instrument driver.

=5 Help Editor: Status [_ (O] =]
File Edit Toolz ‘Window Help

File: c:\temp\Fl45.fp
Window Mame: Initialize

Control Mame: Status

REeports the =status of this operation. a

To obtain a text description of the s=tatus code. or if the
returned code is not listed below, call the Fl45_error message
function. To obtain additional information concerning the error
condition, use the Fl45_GetErrorInfo and Fl45_ClearErrorinfo
functions.

Status Codes:

Status Description

0 HNo error (the call was successful).

AFFFO0005 The =specified termination character was read.
3FFF0008 The specified number of byvtes was read.

AFFC0101  ID Querv not supported.
AFFC0102 Re=set not supported.

Figure 8-6. Fluke 45 Function Panel Status Control Help

.doc File
The.doc file is an ASCII text file that contains the following information:
e A brief description of the instrument
» A function tree layout
* Assumptions made by the driver developer
+ Alist of the LabWindows/CVI libraries that are referenced in the driver
* Adescription of each function, including the following:
— Syntax
— Purpose
— Parameter types
— Function type
—  Error codes
* A description of each attribute

© National Instruments Corporation 8-43 LabWindows/CVI Instrument Driver Guide



Chapter 8 Programming Guidelines for Instrument Drivers

You should give thedoc file the same base filename as fpe file for the instrument driver.

You can generate.doc file by selectingOptions»Generate Documentatiorin the
Function Tree Editor window.

Programming Guidelines for VXI Instruments

When developing drivers for VXI register-based devices, you must consider the following:

* When you create a driver from a template, the driver contains the
Prefix _ReadInstrData  andPrefix _WritelnstrData functions. These functions
enable the instrument driver user to transfer character data to the instrument. You must
delete the functions from the function panel file when you develop a driver for a
register-based device.

« Range table entries include a command value field. Instrument drivers for register-based

devices use this field to store the register value that corresponds to the entry in the range
table.

Instrument Driver Checklist

All instrument drivers you add to the LabWindows/CVI Instrument Library must conform
to the recommendations for programming style, error handling, function tree organization,
function panels, and online help. The following form is an abbreviated version of the form
used to check all instrument drivers that are submitted for inclusion in the LabWindows/CVI
Instrument Library. Use this form to verify that your instrument driver is complete and
correct.
I. Function Tree

A. Has a logical structure and follows the instrument driver internal design model

B. Has all required instrument driver functions

C. Contains a function panel window for every user-callable function

D. Has help text for all function tree nodes
Il. Each Function Panel

A. Has an Instrument Handle control in the lower left corner

B. Has a Status return value control in the lower right corner

C. Presents all controls in a neatly organized manner
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D. Defines a reasonable default value or no default value, whichever is appropriate,
for each control

E. Uses the proper display format for each control, such as hexadecimal format for
controls that represent the contents of status registers

_____F. Help text includes the following:
1. Exists for the function and for all controls
2. lIsin the correct format, which includes:
______a. Description
__ b. Vvalid range and default value

c. The status control help has all error/warning status codes that
the function might return

3. Have deleted all modification instructions
lll. Source File
_____A.Includes standard instrument driver comments:
1. Instrument manufacturer and name
__ 2. Author identification
___ 3. Modifications history
_____B.Includes theisa.h and instrument driver header files
__ C. Declares all functions that are not user-callabttads
_____D. Contains declarations for omtic ~ functions
_____E. Defines ID constants and values only for hidden attributes
_____F. Defines the prototype for each user-callable function:
1. Includes thevl_FUNC macro before the function name

2. Uses only VISA data types for parameters
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3. Defines the return value type\éStatus

4. Declares arrays with square brackgt3,(such a¥/iReal64
readingArrayf[]

G. Uses the following structure for each user-callable function:
1. Locks and unlocks the instrument driver session
2. Checks parameters when necessary

3. Calls thévi_Get/SetAttribute functions outside
simulating/non-simulating blocks

4. Performs direct instrument I/O in a non-simulating block

5. Creates and returns simulated data for output parameters when
necessary

6. Calls the internadrefix _CheckStatus function
__ H.Uses VISA for all instrument 1/O, if possible
1. Correctly uses thiScanf andviRead operations
_____|. Scans or formats binary instrument data for multiplatform use
_____J. Checks aBcan function calls for errors
K. Reports all errors using appropriate error codes
L. Usesthe IVI error macros properly
______M.Does not modify the contents of static range tables programmatically

N. Does not perform screen 1/O, such as writing to the Standard Output, reading
from the Standard Input, or calling the LabWindows/CVI User Interface library

O. Never calls thexit function
P. Includes complete and descriptive comments

Q. You have deleted all modification instructions
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IV. Include file

Al lIncludes thepptype.n andivih  header files

______ B. Declares only user-callable instrument driver functions

_____ C. Defines ID constants and values only for public attributes

____ D. Defines all necessary constants, including attribute values and error codes
_____E. Correctly formats function prototypes:

1. Include the macrovi_FUNC before the function name

2. Use only VISA data types for function parameters

3. Define the return value type\dStatus

4. Declare arrays with square brackgt9,(such a¥iReal64
readingArray([]

F. You have deleted all modification instructions
V. Document file
A. The LabWindows/CVI-generated document file is properly edited

B. Unsupported platform information is removed

C. The document file contains no redundant information such as variable name and
variable type
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This chapter shows you how to create an VI instrument driver. The following examples in
this chapter can serve as models for your instrument driver development.

» Example 1—Creating driver files with the Instrument Driver Development Wizard
» Example 2—Editing instrument driver attributes
— Maodifying attributes that the wizard creates
— Modifying attribute callback functions
— Deleting attributes that the instrument does not use
« Example 3—Editing high-level instrument driver functions
— Editing instrument driver functions the wizard creates
— Deleting instrument driver functions that the instrument does not use
e Example 4—Adding new attributes and functions
* Example 5—Creating the instrument driver documentation
— Creating the instrument drivetoc file
— Creating Windows Help
» Example 6—Modifying an existing VI driver to work with a new instrument

Examples 1 through 5 build on each other. Together, they illustrate all the steps to create a
complete VI instrument driver. These examples use the Fluke 45 Digital Multimeter—a
GPIB message-based device. For simplicity, these examples implement only a subset of the
capabilities of the Fluke 45. The examples show how to create the following functions and
attributes.

« All the functions that IVI and VXlug&play require

e TheFl45_Fetch function

e TheFl45_ConfigureHold function

* The attributes for the measurement function, hold enable, and hold threshold

You do not always have to start with the procedure that Example 1 illustrates. In many cases,

you can modify an existing driver for a similar instrument. Example 6 shows how to use the
wizard to generate new instrument driver files from an existing driver.
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Example 1—Creating IVI Instrument Driver Files
with the Instrument Driver Development Wizard

To create your IVl instrument driver, you first use the Instrument Driver Development Wizard

to create the driver files. To invoke the wizard, seledls»Create IVI Instrument Driver.

Through a series of panels, the wizard prompts you for the type of driver you want to create,
general instrument information, the common operations your driver supports, and the
commands and expected responses your instrument uses for common driver operations. Click
on theNext button on the welcome panel to begin. The Select an Instrument Driver panel
appears as shown in Figure 9-1.

&0 Instrument Driver Development Wizard - Select an Instrument Driver

® Create Mew Driver

" Cieate Diiver Based on Existing Driver

170 Interface
GFIE = General Purpose -
Serial
Wil - message bazed D Power Supply
Wil - register bazed Dscillozcope
Switch
A Function Generator A

< Back | MNest > I Cancel

Figure 9-1. Select an Instrument Driver Panel

Enter the following information in the wizard panel.

e Select theCreate New Driver option.

» Select GPIB in th&O Interface list box.

e Select Digital Multimeter in th&ype of Instrument list box
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Click on theNext button to continue. At any time, you can click onBaek button to return
to a previous panel and change the information.

The General Information panel appears as shown in Figure 9-2.

&1 Instrument Driver Wizard - General Information

Instrument Name Instrument Prefis

Instrument Fluke 45 Digital Mulimeter FI45

=
(e
;_""h-.
=
o Driver
=
=
-
(3

BE\*&II]’]“I-EH{ Cieveloper Informatian
Wizard M ame Phare
Company Fax

| Browse |

< Back | Mest » I Cancel

Figure 9-2. General Information Panel

Enter the following general instrument driver information.

»  EnterFluke 45 Digital Multimeter in thelnstrument Name control.

« EnterFI45 in thelnstrument Prefix control.

«  Enter your name, company, phone number, and fax number in the Developer Information
section.

» Click on theBrowsebutton to select a target directory for the new instrument driver.

Click on theNext button to continue.
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The General Command Strings panel appears as shown in Figure 9-3.

V1 Instrument Driver Wizard - General Command Strings

=

[

;_"'--.

o Instrument

= Driver
'E Development |
=

<

Wizard

Channel List String
1

< Back | Nest » I Cancel

Figure 9-3. General Command Strings Panel

As part of the initialization operation, instrument drivers typically set the instrument to a
default state. The default state configures the instrument so that instrument driver functions
operate correctly. You specify the default setup command string Detfaglt Setup

Command control. The Fluke 45 does not require the instrument driver to send a default
setup command string. Delete the contents obiiiault Setup Commandcontrol.

IVI drivers use channel strings to identify the channels of an instrument. Enter the channel
strings you want to use for your instrument in@annel List String control. Use commas

to separate multiple channel strings. For a multi-channel instrument, you typically use
channel strings such as2, 3, 4, or Al throughA4 andDO0 throughD15. If your instrument

has a front panel, you might want to use the channel names from the front panel.

For the Fluke 45 and all other single-channel devices, grntetheChannel List String
control.

Click on theNext button to continue.
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The Standard Operations panel, shown in Figure 9-4, allows you to select which standard
operations your instrument supports.

& Instrument Dniver Wizard - Standard Operations

Select the operations that are supported by your instrument

[+ |dentifization Guery

[+ Reset

[+ Self-Test

[+ Eirnware Revision Query

< Back | Mest » I Cancel

Figure 9-4. Standard Operations Panel

The Fluke 45 supports the identification query, reset, self-test, and firmware revision query
operations, but it does not support an error query operation. Deseleatth@uery option.

Click on theNext button to continue. The following panels prompt you for the commands and
response formats that the instrument uses to implement the operations you select.
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The ID Query panel appears as shown in Figure 9-5.

v Instrument Driver Wizard - D Query

Expected ID Luery Besponse
FLUKE. 45

< Back | Nest » I Cancel

Figure 9-5. ID Query Panel

The*IDN? command instructs the Fluke 45 to return its identification string. The driver uses
the first portion of this string to determine if it is talking to the correct type of instrument.

e Enter*IDN? in thelD Query Command control. This is the default.
* EnterFLUKE, 45 in theExpected ID Query Responseontrol.

Click on theNext button to continue.
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The Reset panel appears as shown in Figure 9-6.

o Instrument Drniver Wizard - Reset

=

[

a

o Instrument
= Driver

'g Development
E Wizard

=
o

< Back | Mest » I Cancel

Figure 9-6. Reset Panel

The*RST command resets the Fluke 45. Ef®&8T in theReset Commandcontrol. This is
the default.

Click on theNext button to continue.
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The Self Test panel appears as shown in Figure 9-7.

tw Instrument Driver Wizard - Self Test

Self-Test Command

“TST?

Self-Test Hesponge Cantents: Format Choices
2Seli-Test Code | Hond

Farmat Sting

[3thd

< Back | Newt > I Cancel

Figure 9-7. Self-Test Panel

The*TST? command instructs the Fluke 45 to perform its internal self-test and return the
result. The Fluke 45 returns the self-test result as a code.

e Enter*TST? in theSelf-Test Commandcontrol. This is the default.
e SelectSelf-Test Codefrom theSelf-Test Response Contentsng control.
¢ Selectwhdfrom theFormat Choicesring control.

TheFormat String indicator displays the format string that VISA uses to interpret the
instrument’s response. Thehdformat string is the VISA format specifier for a 16-bit integer.

Click on theNext button to continue.
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The Revision panel appears as shown in Figure 9-8.

&1 Instrument Driver Wizard - Revision

=
2
';-.
o Instrument
= Driver
'g Development
= Wizard
ﬁ Farmat Choices
— fi %5 %s e revizionhn [SCPI format)

Farmat String

BT LT L L R25e ] |

< Back | Mest » I Cancel

Figure 9-8. Revision Panel

The response to tHeDN? command also includes the revision of the Fluke 45 instrument.
* Enter*IDN? in theRevision Commandcontrol. This is the default.

»  Selectys,%s,%s,revision\n(SCPI format) from theFormat Choicesring
control. This is the default.

TheFormat String indicator displays the format string that VISA uses to interpret the
instrument’s response. This format string instructs VISA to ignore everything in the response
up to the third comma and then to read the remainder of the response until it encounters a
linefeed.

Click on theNext button to continue.
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The Test panel appears as shown in Figure 9-9.

&0 Instrument Driver Wizard - Test

Wizard =

; Totest pour ingtrument, supply the following information and
I click run tests.
——
2 ) . N )
W E"sme“t To generate and dizplay the instrument driver fles, click nest,
= Driver
_— BE"EID’]“‘EH[ GFIB Address
=
==
w T ian

Rezet Delay [z Self Test Delay [z

CI— AL
Run Tests |

Cahicel

< Back |

Figure 9-9. Test Panel

If you have a Fluke 45 instrument available and can connect it to the computer, the wizard

tests the commands you enter in the previous panels by sending the commands to the
instrument and displaying the responses.

Run the test as follows:
*  Enter the address of your instrument in @fIB Address control.
« Enter0 in theReset Delay(stontrol.

e The Fluke 45 takes 15 seconds to perform the self-test operation1&inehe
Self-Test Delay(s)kontrol.

¢ Click on theRun Testsbutton.
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Figure 9-10 shows the Test Results panel. This panel displays the operations the test performs
and the results of these operations. Click orDtbee button to return to the previous panel.

it Test Aesults ]
1154 [nitialization =

Return Code : 0x0 [Operation completed succezziully.]

Default Cormmand
Return Code : 0x0 [Operation completed succesziully.]
Bytes Sent: 12

1D Query
Return Code : 0x0 [Operation completed successiully.]
Bytes Sent: &
Response
Expected : FLUKE, 45
Actual : FLUKE, 45, 43407131, 1.6D1.0

Match : Yes
Fezet
Return Code : 0x0 [Operation completed successiully.]
Bytes Sent : 4

Self-Test
" Return Code - 0x0 [Operation completed successiully ] _l'l

Done |

Figure 9-10. VI Test Results Panel

If any of the operations generate errors or the responses are not as you expect, you can click
on theBack button to return to the corresponding panel and change the information. You can
then click on theNext button to return to the Test panel to verify the new information.

When you click on thélext button on the Test panel, the wizard generates the instrument
driver files using the information you provide. The driver files ardl4be , fl45.n |

flas.fp , andfla5.sub  files. The resulting driver implements all the functions that 1VI

and VXIplug&play require. These functions are completely operational. Refer to the
LabWindows/CVI Online Heljpr a complete list of the functions that VI and \plg&play
require. In addition, the driver has all the functions and attributes that are common to digital
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multimeters. These functions and attributes have example code with instructions on how to
modify the code for a specific DMM.

Figure 9-11 shows the final panel of the wizard. Select#umch Attribute Editor option
and click on thé-inish button to invoke the attribute editor.

v Instrument Driver Wizard - Finish

Congratulations!

You have just complated the first step in building your instrument
Ens_me“t driver. The [V Instrument Driver ‘Wizard has generated a
Driver zource file. header file, and function panel file for wour

inztrument bazed an the template that you selected.
Development

W'tzard The Attribute Editor iz a code generation tool that pou can uze
to complete your instrument driver source code. From the
Attribute Editar, vou can eazily navigate through the driver
zource code to find and complete the individual functions that
read and write instrument settings.

LabWindows /CVI

Refer ta the Instrument Driver Developer Guide for detailed
ingtructions on writing [ ingtrument drivers. Chapter 2 provides
an overview of the W1 architecture. Chapter 4 dizcusses the
Aftribute Editor. Chapter 9 provides programming guidelines.

Firish |

Figure 9-11. Finish Panel
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Example 2—Editing the Instrument Driver Attributes

As a final step, the Instrument Driver Development Wizard allows you to launch the attribute
editor. However, you can launch the attribute editor at any time by selg@otigpEdit
Instrument Attributes . Figure 9-12 shows all the attributes that the Instrument Driver
Development Wizard created for the Fluke 45 instrument driver.

v Edit Driver Attributes

Inherent Il Attibutes = Add Attribute. . |

|Jzer Options
R&MGE_CHECK
QUERY_INSTR_STATUS Add Group... |
CACHE
SIMULATE Copy Cut i

RECORD_COERCIONS
Instrument Capahbilities
MUM_CHAMMELS
SPECIFIC_FREFI=
Werzion Info [
DRIVER_MAJOR_VERSION -
DRIVER_MINOR_VERSION
DRIWEF_REVISION Move Down I
ENGIME_MaJOR_VERSION

ENGIME_MINOR_VERSION Edit |
EMNGIME_REWISION =

Ermar Info
PRIMARY_ERROR Bange Tables... |

SECOMNDARY_ERROR
ERROR_ELABORATION

Advanced Session 140 B Espee /ol <y |
WISA_Rk_SESSION
10_SESSIOM
DEFER_UFDATE
RETLURMN_DEFERRED_ALLES

B azic: Dperation
SFoncTion GoToRsnge TableSguee |

RANGE

AUTO_RAMGE_VALUE |

RESOLLTION Add Clazs Attributes. . |
TRIGGER_SOURCE

TRIGGER_DELAY o Apply Cloze |

Figure 9-12. Edit Driver Attributes Dialog Box

The Fluke 45 driver you create using the Instrument Driver Development Wizard has
attributes that are common to most DMMs. These attributes include basic instrument
operations such as setting the measurement function, range, and resolution. They also include
advanced DMM features such as configuring the trigger count and sample count. The
attributes have example implementations for the help information, range tables, and
callbacks. Much of the driver design is already done for you.
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This example shows how to edit the attributes that the Instrument Driver Development Wizard
creates. To complete the attributes for the Fluke 45, you must complete the following steps:

1. Customize each attribute’s example implementation for the Fluke 45.
2. Delete the attributes that the Fluke 45 does not use.

The following section shows how to customize the measurement function attribute and delete
the attributes that the Fluke 45 does not use.
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Customizing the Measurement Function Attribute
From the Edit Driver Attributes dialog box, select FUNCTIONattribute and click on the
Edit button. The Edit Attribute dialog box appears as shown in Figure 9-13.

Notice that the Instrument Driver Development Wizard has already filled in the attribute
information.

Edit Attribute

FL45 ATTR_ (FRlE eyyiul]

|
Descriptive Mame; Function |
Data Type: 2 Milnt32 |
Range Tahble: e‘ attiFunctionF angeT able | Edit... I
Default Value: FL45 WAl _DC_VOLTS |

Description: Specifies the meazurement function, 4
A
Flags: Iyl WAL WOT USER READABLE ;
I_WaAL_MNOT_USER_WRITABLE
IW1_WAL_MULTI_CHAMMNEL

Wl _WAL_MEWVER_CACHE
IWI_WAL_ALwWAYS_CACHE
IWI_WAL_USE_CALLBACKS_FOR_SIMULATION o

Attributes to Invalidate [ FRANGE (Bl
When Value Changes: AUTO_RANGE_VALUE

RESOLUTION (A On Al
TRIGGER_SOURCE Chanrels
TRIGGER_DELAY

AC_MIMN_FREQ =

Advanced... | 0K I Cancel

Figure 9-13. Edit Attribute Dialog Box

X
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Click on theEdit button to edit the range table for the attribute. The Edit Range Table dialog
box is shown in Figure 9-14.

& Edit Range Table
Data Type: oK |
| Svintz |
C |
Table Type: Haz Minimum  Has Mawimum — Display in Hex ﬁl
f‘ Discrete | I_ l_ I_
Cusgtom Information;
WI_NULL |
Dizcrete Actual Cmodstr Cmclyal
FL45 Wal DO WOLTS 1 CDC! i .
FL4R WAL AE WALTE 5 g i New Above
FL45 WAl DC CURRENT 3 "DCA" 0 Mew Below
FL45_ WAL AC_CURRENT 4 UALCA" i] —
FL45_Wal_2 WIRE_RES 5 "ZwRES i] Cut
FL45_Wal_4 WIRE_RES o "dWRES i]
FL45_WaAL_DIODE 102 "Dlop i] Copy
FL45_ WAL _CONTINUITY 103 "CONT ] .
FL45 WAL FREQ 104 "FREQ' 1] ;l .
Dizcrete Walue: Actual ' alue:
FL45 WAL DC_WOLTS | 241 |
Command String: Command % alue:
TS | 0
Help Text:
DC Wolts B
|

Figure 9-14. Edit Range Table Dialog Box

Complete the following steps to modify the range table.

1. Delete the range table entries that contain the following values. These entries correspond
to measurement functions that the Fluke 45 does not support.
FL45 VAL 4 WIRE_RES
FL45 VAL_PERIOD
FL45 VAL_TEMP_C
FL45 VAL _TEMP_F
FL45_ VAL_SIEMENS
FL45 VAL_COULOMBS

2. Change the contents of tie@mmand String control for the remaining entries as
follows:

FL45_VAL_DC_VOLTS
FL45 VAL_AC_VOLTS
FL45 VAL_DC_CURRENT
FL45 VAL_AC_CURRENT
FL45 VAL_2 WIRE_RES

LabWindows/CVI Instrument Driver Guide
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"VAC"
"ADC"
"AACH
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FL45 VAL_DIODE "DIODE"
FL45 VAL_CONTINUITY "CONT"
FL45 VAL_FREQ "FREQ"

FL45 VAL_AC_PLUS DC_VOLTS  "VACDC"
FL45 VAL_AC_PLUS_DC_CURRENT "AACDC"

After you enter this information, the dialog box appears as shown in Figure 9-15.

tw Edit Range Table

R ange T able Marme; Data Type: oK. I
attrFunctionA angeT able | f‘ Wilnk32 |
L . . . Cancel I
Table Type: Has Minimum  Has Maximum — Digplay in Hex
e' Digcrete | I_ I_ I_
Custom Information:
W_MULL |
Discrete Actusl CmdStr Cmcly'al
FL45 Wal DEWOLTS 1 Ty 1] ia
FLa5 VAL AC VLTS 3 WAL i = _tewdbove |
FL45_ WAL _DC_CURRENT 3 "apC 0 Mew Belaw
FL45_ WAL AC_CURRENT 4 oty 1] =
FL45_ WAl 2 WIRE_RES 5 "OHMS" 1] Cut
FL45_ WAL AC_PLUS_DC_WOLTS 106 "ACDC" 0 —
FL45_ WAl aC_PLUS_DC_CURRENT 107 "aachC" ] I Copy I
FL45_\Wal_FREQ 104 "FREQ" 1] o
FLAS WAl COMTIMUITY 103 "COMT" a ;l L
Discrete ¥alue: Actual Value:
FL45_AL_DC_WOLTS | 241
Cormmand Sting: Command ¥alue:
WoC | o
DG valts =)
|
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3. Click on theOK button to return to the Edit Attribute dialog box. Click on@t€ button
to return to the Edit Driver Attributes dialog box. Click on Apply button to commit

the changes to the range table. Click onGhese button on the Edit Driver Attributes
dialog box to close the attribute editor.

For each range table entry you delete, you also must delete the corresponding value that the

flas.h  header file defines.
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Complete the following steps to delete the unused measurement function values that the
flas.h  header file defines.

1. Open the fildl45.h
2. Delete the following lines in the header file:

#define FL45_VAL_PERIOD IVIDMM_VAL_PERIOD
#define FL45_VAL_4 WIRE_RES  IVIDMM_VAL_4 WIRE_RES
#define FL45_VAL_TEMP_C IVIDMM_VAL_TEMP_C
#define FL45_VAL_TEMP_F IVIDMM_VAL_TEMP_F
#define FL45_VAL_SIEMENS IVIDMM_VAL_SIEMENS
#define FL45_VAL_COULOMBS IVIDMM_VAL_COULOMBS

Modifying the Write and Read Callbacks
for the Measurement Function Attribute

SelectTools»Edit Instrument Attributes to return to the Edit Driver Attributes dialog box.
Select theeUNCTIONattribute and click on thExpand/Collapsebutton. Select thé/rite
Callback for theFUNCTIONattribute and click on th&o To Callback Sourcebutton.

TheWrite Callback for theFUNCTIONattribute sends a command string to the instrument to
set the measurement function to a specific value. The callback performs the following
operations:

1. Uses the range table to look up the instrument-specific command that corresponds to the
measurement function the callback receives irvttiee parameter.

2.  Writes the command string to the DMM.

Enter the following code for theL45AttrFunction_WriteCallback function.

static ViStatus _VI_FUNC FL45AttrFunction_WriteCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attribute, Vilnt32 value)

{
ViStatus error = VI_SUCCESS;
ViString cmd;
checkErr (lvi_GetVilnt32EntryFromValue (value,
&attrFunctionRangeTable, VI_NULL, VI _NULL,
VI_NULL, VI_NULL, &cmd, VI_NULL));
viCheckErr (viPrintf (io, "%s;", cmd));
Error:
return error;
}
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SelectTools»Edit Instrument Attributes to return to the Edit Driver Attributes dialog box.
Select theRead Callbackfor theFUNCTIONattribute and click on th&o To Callback
Sourcebutton.

The read callback for tHeUNCTIONattribute queries the instrument for the present
measurement function setting. The callback performs the following operations:

1. SendsthUNC1?query to the DMM. This command instructs the Fluke 45 to return the
measurement function it is currently using.

Reads the response from the instrument.

Uses the range table to look up the value that corresponds to the string the instrument
returns.

Enter the following code for theL45AttrFunction_ReadCallback function.

static ViStatus_VI_FUNC FL45AttrFunction_ReadCallback (ViSessionvi,
ViSession io, ViConstString channelName,
ViAttr attribute, Vilnt32 *value)

ViStatus error = VI_SUCCESS;
ViChar rdBufferlBUFFER_SIZE];
Vilnt32 rdBufferSize = sizeof(rdBuffer);

/* Read measurement function from instrument */
viCheckErr (viPrintf (io, "FUNC1?;"));
viCheckErr (viScanf (io, "%#s", &rdBufferSize, rdBuffer));
checkErr (lvi_GetVilnt32EntryFromString (rdBuffer,

&attrFunctionRangeTable, value, VI_NULL,
VI_NULL, VI_NULL, VI_NULL));

Error:
return error;

Deleting Unused Attributes

The Fluke 45 is a simple DMM. It does not use all the attributes that the Instrument Driver
Development Wizard creates for DMM instrument drivers. You must delete the attributes that
the instrument does not use. Selemls»Edit Instrument Attributes to invoke the attribute
editor.

© National Instruments Corporation 9-19 LabWindows/CVI Instrument Driver Guide



Chapter 9 Instrument Driver Examples

Complete the following steps to delete the attributes that the Fluke 45 does not use, perform
the following:

1. For each of the following attributes, select the attribute and click dbuhbutton.

SAMPLE_COUNT
SAMPLE_TRIGGER
SAMPLE_INTERVAL
TRIGGER_COUNT
TRIGGER_SLOPE
MEAS_COMPLETE_DEST
AUTO_ZERO
POWERLINE_FREQ

Select thédvanced Triggering group and click on th€ut button.
Click on theApply button to commit these changes in the instrument driver files.

The attribute editor asks whether you want to delete the callbacks for each attribute.
For each callback, the Generate Code dialog box appears as in Figure 9-16.

i Generate Code E

Thiz function iz ho longer needed. ‘What do you want to do with the existing code?

skip | sep |

Figure 9-16. Generate Code Dialog Box

4. Click on theDeletebutton for each callback.
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5. You also must delete the range tables that correspond to the attributes. From the Edit
Driver Attributes dialog box, click on tHRange Tablesutton. The Range Tables dialog
box appears as shown in Figure 9-17.

o1 Range Tables

| VACRangeTable [N P
WOCRangeT able

attrdch axFreqT able | Edit Rarnge Table
attrachMinFreqT able

attrhutoZ eroR angeT able Cut
attiFunctionR angeT able
attr easCompleteD estRangeT able Copy

attiPowerlineFreqR angeT able
attiR esolutionk angeT able
attr5 ampleCountF angeT able
attr5 amplelntervalR angeT able
attr5 ampleTriggerFlangaT able
attrTriggerCountF angeT able
attrTriggerD elayF angeT able
attrTriggerSlopeR angeT able
attrTrigoerSourceR angeT able
ohrzFRangeT able

Fasie

[ -]
0K Cancel I

Figure 9-17. Range Tables Dialog Box

6. Delete each of the following range tables by selecting it in the list box and clicking on
the Cut button.

attrAutoZeroRangeTable
attrMeasCompleteDestRangeTable
attrPowerlineFreqRangeTable
attrSampleCountRangeTable
attrSamplelntervalRangeTable
attrSampleTriggerRangeTable
attrTriggerCountRangeTable
attrTriggerSlopeRangeTable
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The Range Tables dialog box appears as shown in Figure 9-18.

- Add Range Table
YO CRangeT able
attracMaxFreqT able | Edit Range Table
attrachinFreqT able
attrFunctionA angeT able Cut
attR esolutionF angeT able
attrTriggerDelayR angeT able Copy
attrTriggerS ourceRangeT able Past
ohmzR angeT able L aste
E
(1.4 | Cancel |

Figure 9-18. Range Tables Dialog Box with Modifications

7. Click on theOK button to return to the Edit Driver Attributes dialog box.

Click on theApply button to commit the range tables changes in the instrument driver
files.

9. Click on theClosebutton on the Edit Driver Attributes dialog box to close the attribute
editor.

You also must delete the values thatftheh header file defines for the range tables.

Complete the following steps to delete the defined constants for values that the Fluke 45 does

not use.

1. Open the fildl45.h

2. Delete the following sections of defined constants from the header file:

Section 1:
/*- Defined values for attribute FL45_ATTR_AUTO_ZERO -*/

#define FL45_VAL_AUTO_ZERO_OFFIVIDMM_VAL_AUTO_ZERO_OFF
#define FL45_VAL_AUTO_ZERO_ON IVIDMM_VAL_AUTO_ZERO_ON
#define FL45_VAL_AUTO_ZERO_ONCE IVIDMM_VAL_AUTO_ZERO_ONCE
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Section 2:
/*- Defined values for attribute FL45_ATTR_POWERLINE_FREQ -*/
#define FL45_VAL_50_HERTZ

#define FL45_VAL_60_HERTZ
#define FL45_VAL_400 HERTZ

IVIDMM_VAL_50_HERTZ
IVIDMM_VAL_60_HERTZ
IVIDMM_VAL_400_HERTZ

Section 3:
/* Defined value for attribute FL45_ATTR_SAMPLE_TRIGGER -*/

[* #define FL45_VAL_IMMEDIATE DEFINED ABOVE */
[* #define FL45_VAL_EXTERNAL DEFINED ABOVE */
[* #define FL45_VAL_GPIB_GET DEFINED ABOVE */
#define FL45_VAL_INTERVAL IVIDMM_VAL_INTERVAL

/* #define FL45_VAL_TTLO
/* #define FL45_VAL_TTL1
/* #define FL45_VAL_TTL2
/* #define FL45_VAL_TTL3
/* #define FL45_VAL_TTL4
/* #define FL45_VAL_TTL5
/* #define FL45_VAL_TTL6
/* #define FL45_VAL_TTL7
/* #define FL45_VAL_ECLO
/* #define FL45_VAL_ECL1

DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */

[* #define FL45_VAL_PXI_STAR DEFINED ABOVE */

Section 4:
/*- Defined values for attribute FL45 ATTR_TRIGGER_SLOPE -*/

#define FL45_VAL_POS
#define FL45_VAL_NEG

Section 5:

IVIDMM_VAL_POS
IVIDMM_VAL_NEG

/*- Defined values for attribute FL45_ATTR_MEAS_COMPLETE_DEST -*/

#define FL45_VAL_NONE

/* #define FL45_VAL_TTLO
/* #define FL45_VAL_TTL1
/* #define FL45_VAL_TTL2
/* #define FL45_VAL_TTL3
/* #define FL45_VAL_TTL4
/* #define FL45_VAL_TTL5
/* #define FLA5_VAL_TTL6
/* #define FL45_VAL_TTL7

© MNational Instruments Corporation

IVIDMM_VAL_NONE
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */
DEFINED ABOVE */

9-23 LabWindows/CVI Instrument Driver Guide



Chapter 9 Instrument Driver Examples

[* #define FL45_VAL_ECLO DEFINED ABOVE */
[* #define FL45_VAL_ECL1 DEFINED ABOVE */
[* #define FL45_VAL_PXI_STAR DEFINED ABOVE */

Example 3—Editing High-Level Instrument
Driver Functions

This example shows how to edit the high-level instrument driver functions that the Instrument
Driver Development Wizard creates. This example shows how to modify the Fetch function
for the Fluke 45 and delete the functions that the Fluke 45 does not support.

Editing the Fetch Function

SelectFile»Opento open thdl45.fp  function panel file. The function tree appears as
shown in Figure 9-19.

& c:\temp\FHM5.Ip =l &=
FEile Edit Create |nstrument Toolz Window Optiohs Help

Fluke 45 Lo -
Initialize

Initialize With Options
Application Functions
Hea=zure
Heasure Hulti-Foint
Configuraticn Functicnsg
Configure
Configure Trigger
Configure Multi-Foint
Set Get /Check Atfrikute
Set Atfrikute
Set Attribute ¥ilnt3z2
Set Attribute ViRealhd
Set Attribute ViString
Set Attribute VYiBoolean
Set Attribute ViSession
Cef Atfrikute
Get Attribute ¥ilnt32
Get Attribute ViRealdd
Get Attribute ViString
Get Attribute YiBoolean
Get Attribute ViSession
Check Atfrikute
Checl: Attribute Wilnt3z2
Checl: Attribute ViRealgd
Check Attribute ViString
Checl Attribute ViBoolean
Checl Attribute ViSession
Mezsurement Functions

1-55 Fluke 45 Digital Multimeter

w L

Figure 9-19. Fluke 45 Function Tree
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Scroll down to the Fetch function. Right-click on the Fetch function to display the context
menu as shown in Figure 9-20.

= ¢ \temp\FH5.Ip ==l E3
File Edit Create Instrument Toolz Window Options Help

Checl Attribute Wikealgd ;l
Checlk Attribute ViString
Checl Attribute WiBoolean
Checlk Attribute ViSession
Mezaurement Funciions

Fead

Fead Hulti-Point

Low-Leve] Megsurement Funcoflons

Initiate

Send Sof tware Trigger

Fetoh Multimla Prins

Abor Edit Mode... Enter

DEiTify Punctl  Edit Function Panel Window F8

Calculat
Rezet _
S=1f-Tes [Generate Source For Function Node
Revision ]
Error—Quie 1, Dieclaration Chrl+Shift+l
Error He
Error Infu

Get Errocr Info
Clear Error Info
Locking
Lock Session
Onlock Session
Insfrument I/C
Write Instrument Data
Read Instrument Data j
Cloze &
A

36-55 | Fluke 45 Digital Multimeter |

Figure 9-20. Function Tree Editor Context Menu

Choose th&o To Definition command from the context menu to go toRl&_Fetch
function definition in thdl45.c  file.

Notice that the Instrument Driver Development Wizard has already creatdd3hieetch

function. The function contains the code for a typical implementation. The function also
contains instructions on how to modify the instrument-specific segments of code. In general,
the modification instructions appear within comments that start@wthiNGENnd end with

END CHANGEThe modification instructions include explanations and sample source code.

Complete the following steps to modify the code forrld& Fetch function.
1. Change the command string in thierintf ~ statement t&/AL1?.
2. Change th@ statement that tests for over-range to

if ((reading == 1000000000) || (reading == -1000000000))
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3. Change the comments that start with a double-slaghq the traditional C comment
style (*...*/ ).

4. Delete theeHANGRNdEND CHANGEomment lines and the explanation text from the
modification instructions.

The code appears as follows.

I' * * * * *

* Function:  Fl45_Fetch

* Purpose: This function returns the measured value from a

* previously initiated measurement. This function does
* not trigger the instrument.

* After this function executes, the value in *readingRef

* is an actual reading or a value indicating that an

* over-range condition occurred. If an over-range

* condition occurs, the function sets *readingRef to

* FL45 VAL _OVER_RANGE_READING and returns

* FL45 WARN_OVER_RANGE.

* * * * * *kk * /

ViStatus _VI_FUNC FI45_Fetch (ViSession vi, Vilnt32 maxTime,
ViReal64 *readingRef)

{

ViStatus error = VI_SUCCESS;

ViReal64 reading;

ViBoolean overRange = VI_FALSE;

ViSession io = VI_NULL;

ViuInt32 oldTimeout;

ViBoolean needToRestoreTimeout = VI_FALSE;

checkErr (Ivi_LockSession (vi, VI_NULL));
if (readingRef == VI_NULL)

viCheckParm( IVI_ERROR_INVALID_PARAMETER, 3,
"Null address for Reading");

if ('lvi_Simulating (vi))
{
io = Ivi_IlOSession (vi);
checkErr( Ivi_SetNeedToCheckStatus (vi, VI_TRUE));
/* Store the old timeout so that it can be restored later */

viCheckErr (viGetAttribute (io, VI_ATTR_TMO_VALUE,
&oldTimeout)26);

viCheckErr (viSetAttribute (io, VI_ATTR_TMO_VALUE, maxTime));

needToRestoreTimeout = VI_TRUE;
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viCheckErr (viPrintf (io, "VAL1?;"));
viCheckErr (viScanf (io, "%lIf", &reading));

[* Test for over-range */

if ((reading == 1000000000) || (reading == -1000000000))
{
*readingRef = IVIDMM_VAL_OVER_RANGE_READING;
overRange = VI_TRUE;

}
else
{
*readingRef = reading;
}
}
else
{
ViReal64 range;
checkErr (lvi_GetAttributeViReal64 (vi, VI_NULL,
FL45_ATTR_RANGE, 0, &range));
if (range <= 0.0) /* If auto-ranging, use the max value. */
checkErr (lvi_GetAttrMinMaxViReal64 (vi, VI_NULL,
FL45 ATTR_RANGE,VI_NULL,&range,VI_NULL,
VI_NULL));
*readingRef = range * ((ViReal64)rand() / (ViReal64)RAND_MAX);
}
/*
Do not invoke FI45_CheckStatus here. FI45 Read invokes
Fl45 CheckStatus after it calls this function. After the
user calls this function, the user can check for errors by
calling FI45_error_query.
*/
Error:
if (needToRestoreTimeout)
{

/* Restore the original timeout */
viSetAttribute (io, VI_ATTR_TMO_VALUE, oldTimeout);
}
Ivi_UnlockSession (vi, VI_NULL);
if (overRange && (error >= VI_SUCCESS))
return FL45_WARN_OVER_RANGE;
else
return error;
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Deleting Functions the Instrument Does Not Use
The Fluke 45 does not support the multi-point operation, as shown in Table 9-1.

Table 9-1. Multi-Point Operations

Function Function Panel Name
Fl45_MeasureMultiPoint Measure Multi-Point
FI45_ReadMultiPoint Read Multi-Point
Fl45_FetchMultiPoint Fetch Multi-Point
Fl45_ConfigureMultiPoint Configure Multi-Point

For each of these operations, you must delete the corresponding function definition in the
source file, delete the corresponding function declaration in the header file, and delete the
corresponding function panel in the function panel file.

Complete the following steps to delete the functions.
1. Edit the function tree for th&t5.fp  function panel file.

2. Right-click on the Measure Multi-Point function to display the context menu. Select the
Go To Declarationcommand to go to the function’s declaration infth&h file.

3. Delete the declaration.

4. Right-click in the source window and selectBuit Function Tree command from the
context menu to return to the Function Tree Editor.

5. Right-click on theMleasure Multi-Point function and select th@o To Definition
command from the context menu to go to the function’s definition ifiabe file.

Delete the entire function body.

Right-click in the source window and selectHukt Function Tree command from the
context menu to return to the Function Tree Editor.

Select théVleasure Multi-Point function. SelectTools»Cut delete the function panel.

9. For each of the remaining functions, you can either repeat the steps above or make all the
edits in each file at once.
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Example 4—Adding New Attributes and Functions

This example shows how to add new attributes and functions to your instrument driver. This
example adds two attributes and a high-level function that configures the hold capability of
the Fluke 45. The hold feature enables the Fluke 45 to take a new measurement only when it
detects a stable input signal. This example adds the following:

* A Hold Enable attribute that selects whether to enable the hold capability.

A Hold Threshold attribute that specifies how stable the signal must be for the Fluke 45
to take a new measurement.

* A high-level Configure Hold function.

Adding the Hold Enable Attribute

SelectTools»Edit Instrument Attributes to launch the attribute editor. Select the Advanced
Triggering group. Click on thadd Group button to create a group for the new attributes.
Enter the following information in the Edit Group dialog box.

*  EnterHold Modifier Attributes in theName control.
» Enter the following text in thBescription control.

This group contains attributes that control the DMM's hold
modifier. The hold modifier configures the DMM to take a new
measurement only when the input signal is stable and 'hold' that
measurement on the display. This feature can be particularly
advantageousindifficultorhazardous circumstanceswhenyou might
want to keep your eyes fixed on the probes, and then read the
display when it is safe or convenient to do so.

After you enter this information, the dialog box appears as shown in Figure 9-21.

a1 Edit Group

M amne: Hald Madifier Attributes |

function modifier. The hold modifier configures the DM

to take a new measurement anly when the input signal iz
stable and 'hold' that measurement on the display. This
feature can be particularly advantageous in difficult or
hazardous circumstances when you might want to keep

Cancel |

Figure 9-21. Edit Group Dialog Box

This group containg attibutes that contral the Dhdb's hold]
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Click on theOK button to return to the Edit Driver Attributes dialog box. Select the line below
the Hold Modifier Attributes class. Click on tiAeld Attribute button to create a new
attribute. Enter the following information in the Edit Attribute dialog box:

e EnterHOLD_ENABLEN theConstant Namecontrol.

e EnterHold Enable in theDescriptive Namecontrol.
e SelectviBoolean from theData Type ring control.

« EnterVI_FALSE in theDefault Value control.

< Enter the following text in thBescription control:

Specifies whether to enable the hold function modifier. This
modifier configures the DMM to take a new measurementonly whenthe
input signal is stable and 'hold' that measurement on the display.
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After you enter this information, the Edit Attribute dialog box appears as shown in
Figure 9-22.

v Edit Attribute

EESANN I HOLD EMABLE]

Dezcriptive Hame: Hold Enable |

Data Type: fi\,fiBooIean |

e

e
e

Drefault Walue: WI_FALSE |

Description: S pecifies whether to enable the hold function modifier. This <
modifier configuras the DMM ta take a new measurement only
when the input signal is stable and 'hold'that measurement ok
the dizplay.

[

Flags: Wl Wal WOT USER READARLE
[WI_Wal_NOT_USER_wWRITABLE
[WI_WAL_MULTI_CHANMEL
[WI_v¥al_WEVER_CACHE
[WI_WAL_ALwayws_CACHE

v Wal_USE_CALLBACKS_FOR_SIMULATION

[

Attributes ta Invalidate FURCTION

when Value Changes: RAMGE

AUTO_RAMGE_WALUE

RESOLUTION

TRIGGER_SOURCE

TRIGGER_DELAY ]

Advanced... | (] 4 I Cancel

Figure 9-22. Hold Enable Edit Attribute Dialog Box

Click on theOK button to return to the Edit Driver Attributes dialog box. Select the
HOLD_ENABLHRttribute and click on thexpand/Collapsebutton. Click in the left margin of
the list box next to the Read Callback and Write Callback entries to create read and write
callbacks for the attribute. Click on thgply button to commit the changes.

Select the Write Callback for thOLD_ENABLEttribute and click on th&o To Callback
Sourcebutton. Enter the following code for tRe45AttrHoldEnable_WriteCallback
function.

static ViStatus _VI_FUNC FL45AttrHoldEnable_WriteCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, ViBoolean value)
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{
ViStatus error = VI_SUCCESS;
if (value)
viChecKErr (viPrintf (io, "HOLD;"));
else
viChecKErr (viPrintf (io, "HOLDCLR;"));
Error:
return error;
}

SelectTools»Edit Instrument Attributes to return to the Edit Driver Attributes dialog box.
Select the Read Callback for tHOLD_ENABLERttribute and click on th€o To Callback
Sourcebutton.

Enter the following code for thel 45AttrHoldEnable_ReadCallback function.

static ViStatus _VI_FUNC FL45AttrHoldEnable ReadCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, ViBoolean *value)

ViStatus error = VI_SUCCESS;
Vilnt32 modebyte;

viCheckErr (viPrintf (io, "MOD?;"));
viCheckErr (viScanf (io, "%ld", &modebyte));

if (modebyte & 0x04)
*value = VI_TRUE;
else
*value = VI_FALSE;

Error:
return error,

Adding the Hold Threshold Attribute

SelecfTools»Edit Instrument Attributes to launch the attribute editor. Select the line below
theHOLD_ENABLEunction and click on thAdd Attribute button to create a new attribute.
Enter the following information in the Edit Attribute dialog box:

¢ EnterHOLD_THRESHOLID theConstant Namecontrol.

e EnterHold Threshold  in theDescriptive Namecontrol.

e Selectvilnt32 from theData Typering control.

« Click on theNew button to create a range table for the attribute.
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Enter the following information for the range table:

»  EnterholdThresholdRangeTable in theRange Table Namecontrol.
e Selectvilnt32 from theData Typering control.

* SelectDiscrete  from theTable Type ring control.

» Deselect thédas Minimum andHas Maximum controls.

« Enter the information in Table 9-2 for the range table entries.

Table 9-2. Range Table Entry Information

Discrete Actual Cmdstr Help Text
FL45 VAL_HOLD_VERY_STABLE 0 “1 Very Stable Input (5% of
range)
FL45 VAL_HOLD_STABLE 1 “p Stable Input (7% of range)
FL45_VAL_HOLD_NOISY 2 43 Noisy Input (8% of range)
@ Note You caninserFL45_VAL_ into theDiscrete Valuecontrol automatically by placing

your cursor in the control and pressing <F4>.
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After you enter this information, the Edit Range Table dialog box appears as shown in

Figure 9-23.

&1 Edit Range Table

Range Table Mame:
haldT hresholdR angeT able

Data Type:
| vintzz |
Table Type: Haz Minimum

f‘ Dizcrete | I_

Custom Information:
WI_NULL

Hag b axinmum

Discrete Cmdls'al

FL45 WAl HOLD WERY STABLE 1] Ml

FL45_ WAL _HOLD_STABLE 1 2t
FL45_WalL_HOLD_MOISY 2 "3

B

Mew Below

Dizcrete Walue:
FL45 WAl HOLD_WERY_STAELE

Actual W alue:

| 240 |
Command String:
e |

Command % alue:

Help Text:
Wery Stable Input (9% of range) 4

Cancel |

Hew dbove

Cut

LCopy

Figure 9-23. Hold Threshold Edit Range Table Dialog Box

Click on theOK button to return to the Edit Attribute dialog box. Complete the dialog box

with the following information:
¢ EnterFL45 VAL _HOLD_STABLEN theDefault Value control.
< Enter the following text in thBescription control:

This attribute specifies the hold measurement threshold. The DMM
takes a new measurement only when the input signal is as stable as
you specify with this attribute.

This attribute affects instrument behavior only when you set the
FL45 ATTR_HOLD_ENABLE attribute to VI_TRUE.
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After you enter this information, the Edit Attribute dialog box appears as shown in

Figure 9-24.
i E dit Attribute
Constant Mame: FL45_ATTR_ HOLD_THRESHOLD |
Dezcriptive Marme: Hald Threzhhold |
Data Type: 2 Wilnt32 |
Range Table: el holdT hresholdR angeT able | Edi... I
Default Value: FL45_val _HOLD_STABLE |

Thig attribute specifies the hold measurement threshold. The <
Dkt takes a new measurement only when the input signal is
az gtable az you specify with thiz attribute,

This attribute affects inztrurment behavior only when pou set the <
FL45_ATTR_HOLD_EWABLE attribute to VI_TRUE. )

Flags: [l Wol MOT LSER READABLE -
VI _WAL_NOT_USER_WRITABLE

W1 _WAL_MULTI_CHAMMEL =
IWI_WAL_MEVER_CACHE

IWI_WAL_ALwWayrS_CACHE

IWI_WAL_ISE_CALLBACKS_FOR_SIMULATION A

Attributes o lrrvalidate AL Miws FREL

"When Walue Changes: AC MIN_FREQ

FURCTION

RaAMNGE

RESOLUTION

TRIGGER_SOURCE _‘

Advanced... | 0K I Cancel

Figure 9-24. Hold Threshold Edit Attribute Dialog Box

Click on theOK button to return to the Edit Driver Attributes dialog box. Select the
HOLD_THRESHOL&ttribute and click on thexpand/Collapsebutton. Click in the left of the
list box next to the Read Callback and Write Callback entries to create read and write
callbacks for the attribute. Click on th@ply button to commit the changes.

Select the Write Callback for tiOLD_THRESHOL&ttribute and click on th€o To
Callback Sourcebutton. Enter the following code for the
FL45AttrHoldThreshold_WriteCallback function.

static ViStatus _VI_FUNC FL45AttrHoldThreshold_WriteCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, Vilnt32 value)
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{
ViStatus error = VI_SUCCESS;
ViString cmd;
checkErr (Ivi_GetVilnt32EntryFromValue (value,
&holdThresholdRangeTable, VI_NULL,
VI_NULL, VI_NULL, VI_NULL, &cmd,
VI_NULL));
viCheckErr (viPrintf (io, "HOLDTHRESH %s;",cmd));
Error:
return error;
}

Choose th&dit Instrument Attributes command from th&ools menu to return to the Edit
Driver Attributes dialog box. Select the Read Callback foHbeD_ THRESHOL&Xtribute
and click on thé&so To Callback Sourcebutton.

Enter the following code for theL45AttrHold Threshold_ReadCallback function.

static ViStatus _VI_FUNC FL45AttrHoldThreshold_ReadCallback
(ViSession vi, ViSession io,
ViConstString channelName,
ViAttr attributeld, Vilnt32 *value)

{
ViStatus error = VI_SUCCESS;
ViChar rdbuffer[5];
viCheckErr (viPrintf (io, "HOLDTHRESH?;"));
viCheckErr (viScanf (io, "%s", rdbuffer));
checkErr (lvi_GetVilnt32EntryFromString (rdbuffer,
&holdThresholdRangeTable, value, VI_NULL,
VI_NULL, VI_NULL, VI_NULL));
Error:
return error;
}

Adding the Configure Hold Function Panel

SelectFile»Opento open thdl45.fp  function panel file. Select theonfigure Trigger
function. SelecCreate»Function Panel Windowand enter the following information:

¢ EnterConfigure Hold Modifier in theName control.
e EnterConfigureHold in the FunctiorName control.
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After you enter this information, the Edit Function Panel Window Node dialog box appears
as shown in Figure 9-25.

w1 Edit Function Panel Window Node

Mame: Caonfigure Hold Modifier |

F [ConfigureHalc |

coee_|

Figure 9-25. Edit Function Panel Window Node Dialog Box

Click on theOK button to return to the Function Tree Editor.

Complete the following steps to edit the function panel.

1. Select th&€onfigure Hold Modifier function and seled&dit»Edit Function Panel
Window.

Choose th&unction Help command from th&dit menu.
Enter the following help text:

This function configures the DMM's hold modifier capability. The
hold modifier configures the DMM to take a new measurement only
when the input signal is stable and 'hold' that measurement on the
display. Thisfeature canbe particularlyadvantageousindifficult

or hazardous circumstances when you might want to keep your eyes
fixed on the probes, and then read the display when it is safe or
convenient to do so.

4. Selectrile»Closein the Help Editor.

Complete the following steps to add an Instrument Handle control to the function panel.
Press <Ctrl-Page Up> to display the Configure Trigger function panel.

Select thénstrument Handle control.

Selectdit»Copy Controls.

Press <Ctrl-Page Down> to display the Configure Hold Modifier function panel.

a M~ D

Selectdit»Pasteto place a copy of thestrument Handle control on the Configure
Hold Modifier panel.

6. Position thénstrument Handle control in the lower left corner of the panel.
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Complete the following steps to add a control to specify whether to enable the Hold Modifier.
1. SeleciCreate»Binary.

2. Complete the Edit Binary Control and Edit On/Off Settings dialog boxes as shown in
Figures 9-26 and 9-27.

i1 Create Binary Control

Caontral Label: Hald Enable |
s 28 |
Data Type: ei ViBoolean |
Default Yalue: 2 i |

On/0ff Settings... |
Cancel_|

Figure 9-26. Create Binary Control Dialog Box

& Edit On/0Ff Settings

OM Text: On |
OFF Test  |0ff |
ON Yalue:  ¥|_TRUE |

|

© WI_FALSH

OF. Cancel |

Figure 9-27. Edit On/Off Setting Dialog Box

3. Click on theOK button twice to return to the function panel window. Position the
Hold Enable control in the upper left portion of the panel.

Complete the following steps to add help toltwdd Enable control.
1. Select thédold Enable control and seled@dit»Control Help.
2. Enter the following text in the Edit Help dialog box:

Specify whether you want to enable the hold modifier. Setting this
parameter to VI_TRUE configures the DMM to take a new measurement
only when the input signal is stable and 'hold' that measurement

on the display. The value you specify in the Hold Threshold
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parameter determines how stable the signal must be for the DMM to
take a measurement.

Valid Values: VI_TRUE - Enables the hold modifier
VI_FALSE - Disables the hold modifier

Default Value: VI_FALSE
3. Selectrile»Closeto return to the function panel window.

Complete the following steps to add a control to specify the hold threshold.
1. SelecCreate»Slide
2. Complete the Edit Slide Control dialog box as shown in Figure 9-28.

i Edit Slide Control

i Hold Threshol: |
Parameter Position: el 3 |
Data Type: S ¥ilnt32 |
Default 'V alue: fl I oisy |

Label v alue Pairs. . I
Carcel_|

Figure 9-28. Edit Slide Control Dialog Box
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3. Click on theLabel/Value Pairsbutton and complete the Edit Label/Value Pairs dialog
box as shown in Figure 9-29.

Walue: FL45 WAL HOLD _VERY_STABLE |

Insert Mews lkem:

Below Above
YWerp Stable Input FLab Mal HOLDUVERY STaBLE ...i= Cut
Stable Input FL45 Wal HOLD_STABLE _I 4'

Wiigy FL45 WAL HOLD_MOISY G I

Pl

ok I
;I Cancel I

Figure 9-29. Edit Label/Value Pairs Dialog Box

4. Click on theOK button twice to return to the Function Panel Editor. Position the
Hold Threshold control in the upper right portion of the panel.

Complete the following steps to add help toltwd Threshold control.
1. Select thédold Threshold control and seleddit»Control Help .
2. Enter the following text in the Help Editor dialog box:

Pass the hold threshold you want the DMM to use. The DMM takes a
new measurement when the input signal is as stable as you specify
with this parameter.

This parameter affects instrument behavior only when you set the
Hold Enable parameter to VI_TRUE.

Valid Values:
FL45 VAL _HOLD_ VERY_STABLE (0) - 5% of range
FL45 VAL _HOLD STABLE (1) - 7% of range
FL45 VAL _HOLD_NOISY (2) - 8% of range

Default Value: FL45_VAL_HOLD_NOISY
3. Selectrile»Closein the Help editor.
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Complete the following steps to add a return control to indicate the status of the function.
1. Press <Ctrl-Page Up> to display the Configure Trigger function panel.

Select théStatus control.

Selectdit»Copy Controls.

Press <Ctrl-Page Down> to display the Configure Hold Modifier function panel.

a s~ b

SelecEdit»Pasteto place a copy of thetatus control on the Configure Hold Modifier
panel.

6. Position theStatus control in the lower right corner of the panel.

Complete the following steps to add help to $tatus control.

1. Select théStatusreturn value and seleEdit»Control Help.

2. Modify the text in the Help Editor dialog box so that it appears as follows:
Reports the status of this operation.

To obtain atextdescription of the status code, or ifthe returned
codeis notlisted below, call the FI45_error_message function. To
obtain additional information concerning the error condition, use
the FI45_GetErrorinfo and Fl45_ClearErrorinfo functions.

Status Codes:

Status Description

0 No error (the call was successful).

BFFAO001 Instrument error. Call FI45_error_query.
BFFAQO00OC Invalid attribute.

BFFAQOOD  Attribute is not writable.

BFFAOOOF Invalid parameter.

BFFA0010 Invalid value.

BFFA0012  Attribute not supported.

BFFA0013  Value not supported.

BFFA0014 Invalid type.

BFFA0015 Types do not match.

BFFAQ016  Attribute already has a value waiting to be updated.
BFFA0018 Not a valid configuration.

BFFA0019 Requested item does not exist or value not available.
BFFAOO1A  Requested attribute value not known.

BFFA001B  No range table.

BFFAQ001C Range table is invalid.

BFFAOO1F  No channel table has been built for the session.
BFFA0020 Channel name specified is not valid.

BFFAQ044  Channel name required.

BFFA0045 Channel name not allowed.
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BFFA0046  Attribute not valid for channel.

BFFAQ0047  Attribute must be channel based.
BFFC0003  Parameter 3 (Hold ThresHold) out of range.
BFFFO000 Miscellaneous or system error occurred.
BFFFOOOE Invalid session handle.

BFFF0015 Timeout occurred before operation could complete.
BFFF0034  Violation of raw write protocol occurred.
BFFF0035 Violation of raw read protocol occurred.
BFFF0036 Device reported an output protocol error.
BFFF0037  Device reported an input protocol error.
BFFF0038 Bus error occurred during transfer.
BFFFO03A Invalid setup (attributes are not consistent).
BFFFOO5F  No listeners condition was detected.
BFFF0060 This interface is not the controller in charge.
BFFF0067  Operation is not supported on this session.

3. Selectrile»Closein the help editor.
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The Configure Hold Modifier function panel window now appears as shown in Figure 9-30.

&5 Fluke 45 Dual Display Multimeter - Configure Hold Modifier
File Edit Create Wiew Instument Tools Window Options  Help

Pl el

& #leldold el
=————— FL45 ConfigureHold

Hald Enable Hald Threshald
0 Wery Stable [nput-
i Stable Input-
i Mojgp-—

Status
Inztrument Handle ‘

ViStatu=s Status = FL45_ConfigureHold (ViSes=sion Instrument_Handle.
ViBoolean Hold_Enable,
ViInt3i2 Hold Threshold): _|'I

A

Figure 9-30. Configure Hold Function Panel Window

Creating the Configure Hold Function Body
Complete the following steps to create the Configure Hold Function Body.
1. Selecfile»Opento open thdl45.fp  function panel file.
2. Right-click on the Configure Hold function to display the context menu.

3. Choose th&enerate Source For Function Nodeommand in the context menu to
create the function prototype in ti¢5.h  file and the function definition in the

flas.c  file.
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4. Right-click on the Configure Hold function and chooseGbeTo Definition command
from the context menu to go to the function’s definition infiec  file.

5. Enter the following code for the Configure Hold function.

[* * * * *kkkkk * Fkkkkk * Fkkkkk *

* Function:  FL45_ConfigureHold
* Purpose: Configures the DMM's hold capability.

* * * *kkkkk * *kkkkk * * * * /

ViStatus _VI_FUNC FL45_ConfigureHold (ViSession vi, ViBoolean
holdEnable, Vilnt32 holdThreshold)

{
ViStatus error = VI_SUCCESS;
viCheckParm (lvi_SetAttributeViBoolean (vi, VI_NULL,
FL45 ATTR_HOLD_ENABLE, 0, holdEnable), 2,
"Hold Enable");
viCheckParm (lvi_SetAttributeVilnt32 (vi, VI_NULL,
FL45_ATTR_HOLD_THRESHOLD, 0,
holdThreshold), 3, "Hold Threshold");
checkErr (FL45_CheckStatus (vi));
Error:

Ivi_UnlockSession (vi, VI_NULL);
return error;
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Example 5—Creating Instrument Driver Documentation

LabWindows/CVI creates two types of documentation for your instrument driver—a text
.doc file and Windows Help. This example shows how to generate both types of
documentation files for your instrument driver.

Creating the Instrument Driver .doc file

Open thel45.fp  file and edit the function tree. Select Bptions»Generate
Documentation The dialog box shown in Figure 9-31 lets you choose the programming
language for which you wish to generate documentation.

1 Generate Documentation

¥ Inchude Instrument Diriver Information

*fizual Bazic ‘
ok, Cancel I

Figure 9-31. Generate Documentation Dialog
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Select the language you want and click on@iebutton. The instrument driver
documentation appears as shown in Figure 9-32.

B <2> c:-\Memp\FIA5.doc M=

File Edit “iew Buld Bun Instrument Librany Tools Window Options  Help

o]

I Y
Fluke 45 Digital Multimeter

Introduction:

Thi=z instrument driver provides programming support for Fluke 45 Digital Multi
It contains functions for opening, configuring. taking measurements from, and
closing the instrument.

Azsunptions:
To successfully use this module. the following conditions must be met:

For GFIE instrument drivers:
— the instrument is connected to the GFPIE.
— the GPIE address =supplied to the initialize function must match the
GPIE addres= of the instrument .

For VEII instrument drivers:
— the instrument i= installed in the VEI nainframe and wou are
uzing one of the following controller options:
Embedded controller _'I

15163 | 1/ |5 |1nseg |ol | iy

Figure 9-32. Fluke 45 Instrument Driver Documentation Window

SelectFile»Saveand save the file d&5.doc

Creating Windows Help for the Driver
Openthefildgl45.fp  and edit the function tree. Sel€ptions»Generate Windows Help

Select the programming language for which you want to generate the Windows help from the
Generate Windows Help dialog box. Click on @€ button. A message appears as shown in

Figure 9-33.

"d:hividewh S pecificDrivershD M WFIASNFLAS it
"d:hividewh S pecificDrivershD b WFIASWFLAS whi"
"d:hividen\S pecificDrivershDMbYFIAEYFLAG hp)
successfully created.

Figure 9-33. LabWindows/CVI Message Dialog Box
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Runcvi/sdk/bin/hcrtf -x fl45.hpj to generate the help file. Thertf.exe
program installs with LabWindows/CVI.

Example 6—Modifying an Existing IVI Driver to Work
with a New Instrument

You do not always have to create an instrument driver from scratch. In many cases, it is easier
to modify an existing driver for a similar instrument. This example shows how to use the
Instrument Driver Development Wizard to generate a new instrument driver from an

existing one.

To modify an existing driver, you first use the Instrument Driver Development Wizard. To
invoke the wizard, sele@bols»Create IVI Instrument Driver. Click on theNext button on
the welcome panel to begin.

&1 Instrument Driver Wizard - Select an Instrument Driver

" Create New Driver

f® Create Driver Based on Existing Driver

Existing .fp File
chemphFl45.fp

¢ Back | Mest » Cancel

Figure 9-34. Select an Instrument Driver Panel

Enter the following information in the wizard panel.
* Select theCreate Driver Based on Existing Driveroption.
*  Click on theBrowse button to select an instrument driver to copy and modify.
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This example uses the Fluke 45 instrument driver that you create in Examples 1 through 4.
However, you can choose any instrument driver. Make sure that the driver you select has most
of the attributes and functions that are necessary for your instrument driver.

After you enter this information, the panel appears as shown in Figure 9-34. Click\exthe
button to continue.

&1 Instrument Driver Wizard - General Information

|nstrument Mame Instrument Prefix

Mew Ingtiurment Driver temlirer

Developer Information

| Browse |

To generate and display the instrument driver files, click nest.

< Back | Nest » I Cancel

Figure 9-35. General Information Panel

Enter the name, prefix, and target directory for the new driver. After you enter this
information, the panel appears as shown in Figure 9-35. Click dwetkteoutton to generate
the new driver files.

The wizard copies the existing driver to the new location. The wizard changes the filename
prefixes, function prefixes, and macro prefixes to the instrument prefix you specify. The
wizard also changes all occurrences of the old instrument prefix in the function panel help to
the new instrument prefix. The resulting driver is completely operational and is ready for you
to modify for use with the new instrument.
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Typical modifications you might have to perform include the following:
* Modifying existing attributes and functions.

» Deleting attributes and functions that the instrument does not use. Refer to Examples 2
and 3 earlier in this chapter.

* Adding new attributes and functions. Refer to Example 4 earlier in this chapter.
» Creating the instrument driver documentation. Refer to Example 5 earlier in this chapter.
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Technical Support Resources

This appendix describes the comprehensive resources available to you in
the Technical Support section of the National Instruments Web site and
provides technical support telephone numbers for you to use if you have
trouble connecting to our Web site or if you do not have internet access.

NI Web Support

To provide you with immediate answers and solutions 24 hours a day,

365 days a year, National Instruments maintains extensive online technical
support resources. They are available to you at no cost, are updated daily,
and can be found in the Technical Support section of our Web site at
Www.ni.com/support

Online Problem-Solving and Diagnostic Resources

© National Instruments Corporation

KnowledgeBase—A searchable database containing thousands of
frequently asked questions (FAQs) and their corresponding answers or
solutions, including special sections devoted to our newest products.
The database is updated daily in response to new customer experiences
and feedback.

Troubleshooting Wizards—Step-by-step guides lead you through
common problems and answer questions about our entire product line.
Wizards include screen shots that illustrate the steps being described
and provide detailed information ranging from simple getting started
instructions to advanced topics.

Product Manuals—A comprehensive, searchable library of the latest
editions of National Instruments hardware and software product
manuals.

Hardware Reference Database-A searchable database containing
brief hardware descriptions, mechanical drawings, and helpful images
of jumper settings and connector pinouts.

Application Notes—A library with more than 100 short papers
addressing specific topics such as creating and calling DLLs,
developing your own instrument driver software, and porting
applications between platforms and operating systems.
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Technical Support Resources

Software-Related Resources

¢ Instrument Driver Network —A library with hundreds of instrument
drivers for control of standalone instruments via GPIB, VXI, or serial
interfaces. You also can submit a request for a particular instrument
driver if it does not already appear in the library.

« Example Programs Database-A database with numerous,
non-shipping example programs for National Instruments
programming environments. You can use them to complement the
example programs that are already included with National Instruments
products.

« Software Library —A library with updates and patches to application
software, links to the latest versions of driver software for National
Instruments hardware products, and utility routines.

Worldwide Support

National Instruments has offices located around the globe. Many branch
offices maintain a Web site to provide information on local services. You
can access these Web sites fr@ww.ni.com/worldwide

If you have trouble connecting to our Web site, please contact your local
National Instruments office or the source from which you purchased your
National Instruments product(s) to obtain support.

For telephone support in the United States, dial 512 795 8248. For
telephone support outside the United States, contact your local branch
office:

Australia 03 9879 5166, Austria 0662 45 79 90 0, Belgium 02 757 00 20,
Brazil 011 284 5011, Canada (Calgary) 403 274 9391,

Canada (Ontario) 905 785 0085, Canada (Québec) 514 694 8521,

China 0755 3904939, Denmark 45 76 26 00, Finland 09 725 725 11,
France 01 48 14 24 24, Germany 089 741 31 30, Greece 30 1 42 96 427,
Hong Kong 2645 3186, India 91805275406, Israel 03 6120092,

Italy 02 413091, Japan 03 5472 2970, Korea 02 596 7456,

Mexico (D.F.) 5 280 7625, Mexico (Monterrey) 8 357 7695,

Netherlands 0348 433466, Norway 32 27 73 00, Poland 48 22 528 94 06,
Portugal 351 1 726 9011, Singapore 2265886, Spain 91 640 0085,
Sweden 08 587 895 00, Switzerland 056 200 51 51,

Taiwan 02 2377 1200, United Kingdom 01635 523545
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A
ANSI

Any Array

Any Type

Attribute

binary control

C

callback function
channel-based
attribute

channel string

class attribute

class instrument
driver
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American National Standards Institute

Special data type that represents any of the intrinsic C or user-defined array
data types.

Special data type that represents any of the intrinsic C or user-defined data
types.

Represents an instrument setting or a driver option.

A function panel control that operates like a mechanical on/off switch.
A binary control specifies a parameter value to be one of two predefined
values depending on whether the control is in the up or down position.

User-defined function that can be invoked by the IVI engine when a
predefined event occurs.

An attribute that applies separately to each channel in a multi-channeled
instrument driver.

A string used to represent the name of a channel in an instrument driver that
supports multiple channels.

An attribute defined by an instrument class specification that applies to all
instruments of one type.

High level instrument driver that accesses all specific instrument drivers of

a particular type, thus allowing the application program to work on all
instruments of the same type.
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common control

control

D

deferring updates

E

external module

fp file

function panel

Function Panel Editor

function panel
window

function tree

Function Tree Editor

A function panel control that specifies the first parameter in every function,
primary and secondary, associated with a function panel. When a function
panel has a common control, secondary functions have two parameters, the
second of which is specified by a secondary control.

An input and output device that appears on a function panel for specifying
function parameters and displaying function results.

The ability of the IVI engine to postpone the modification of attribute
settings to the instrument until the driver calisUpdate

Alib ,.obj , or.dll file that can be loaded and executed.

A file that contains information that allows the LabWindows/CVI
interactive program to display function panels that correspond to a specific
instrument driver.

Auser interface to the LabWindows/CVI libraries that allows interactive
execution of library functions and is capable of generating code for
inclusion in a program.

The window used to create and modify instrument driver function panels.

A window containing a collection of function panels representing all the
functions that the user interactively can call from that window.

The hierarchical structure that defines the way functions in an instrument
driver are grouped.

The window used to create and modify the function tree for an instrument
driver.
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G

Generated Code
window

global variable
control

H

hex

include file

inherent attribute

input control

instrument driver

Instrument Library

instrument-specific
attribute

internal subroutine
interface

IVI engine
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A small window located at the bottom of the function panel that displays
the code produced by the manipulation of function panel controls.

A function panel control that displays the value of a global variable defined
in LabWindows/CVI at the time the function panel is operated.

hexadecimal

A file that contains function declarations, constant definitions, and external
declaration of global variables exported by the instrument driver.

An attribute that is required by all IVI instrument drivers.

A function panel control in which a value or variable name is entered from
the keyboard.

A set of routines designed to control an instrument, and a set of data
structures to represent the driver within LabWindows/CVI.

A LabWindows/CVI library that contains instrument drivers.

An attribute, defined by a specific instrument driver, that applies only to a
particular instrument model or family of models.

The mechanism through which the driver can call other software modules
it might use to perform its task. These other software modules may include
operating system calls or calls to other unique libraries such as formatting
and analysis functions.

A support library for IVI instrument drivers that performs common tasks
such as session creation, attribute management, and instrument status
checking.
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M
MB

message control

numeric control

0

output control

P

primary control

primary function

primary parameter

private attribues

public attributes

R

range tables

required functions
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megabytes of memory

A function panel control that serves as a documentation tool that allows you
to place text on a function panel.

A function panel control that allows you to specify a numeric value using
the mouse.

A function panel control that displays the value of an output parameter after
the function is called.

A function panel control that specifies parameters in the primary function.

The function that performs the main task associated with a function panel.
The primary function always appears in the Generated Code window and is
always executed when Go is selected from the command bar of a function
panel.

A parameter that becomes a formal parameter to the function call.

An attribute that an instrument driver uses internally and is not exported to
the user.

An attribute that an instrument driver exports to the user.

A table that specifies the valid range of values for an instrument attribute.

Instrument driver functions that are common to all instrument drivers.
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return value control

ring control

S

secondary control

secondary function

secondary parameter

session

session callbacks

slide control

T

type library

typesafe functions
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A function panel control that displays a value returned from the primary
function.

A control that displays a list of options one option at a time.

A function panel control that specifies the parameter in a secondary
function. Each secondary control is associated with a different secondary
function, as opposed to primary controls, which are associated with the
same function.

A function that performs a task that is complementary to, but not required
by, the primary task. Secondary functions do not appear in the Generated
Code window unless you specifically activate them.

A parameter that becomes a parameter to a separate function.

A collection of data structures maintained by the 1VI engine necessary for
the application program to communicate with the instrument.

Callback function that applies to the instrument as a whole.

A function panel control that resembles a mechanical slide switch. Inserts
a parameter value depending on the position of the cross-bar on the slide
control.

A file or component within another file (such aslla ) that contains type
information about the exported functions.

A set of functions whose prototypes strictly define the data type of all
parameters such as tivé SetAttribute<type> functions. You use

the set attribute function that corresponds to the data type of the attribute
you are attempting to set.
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v

value parameter An integer, long, or double-precision scalar parameter whose value is not
modified by the subroutine or function. In other words, an integer, long,
single-precision, or double-precision scalar parameter is a value parameter
if and only if its function panel control i®t an output control.

virtual channel name  An alias for a specific driver channel string. You specify virtual channel
names and the specific driver channel strings to which they refer in the
ivi.ini configuration file.
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Index

A

action/status functions, 1-11

Add Attribute button, Edit Driver Attributes
dialog box, 4-4

Add Class Attributes button, Edit Driver
Attributes dialog box, 4-5

Add Group button, Edit Driver Attributes
dialog box, 4-5

Align Horizontal Centers command, Edit
menu, 6-6

Alignment command, Edit menu, 6-5

Any Array data type, 3-13

Any Type data type, 3-13 to 3-14

application functions

initialization and close functions not called

by (note), 1-12
purpose and use, 1-12

Apply command, Edit Driver Attributes dialog

box, 4-4 to 4-6

architectureSeeinstrument driver architecture.

array data types, user-defined, 3-15

ASCII text file, as component of instrument

drivers, 1-3
Attach and Edit Source command, Edit
Instrument dialog box, 5-10
Attribute Editor, 4-1 to 4-13
adding and editing
instrument attributes, 4-7 to 4-9
range tables, 4-10 to 4-13
Edit Attribute dialog box, 4-7 to 4-9
Advanced dialog box (figure), 4-9
entering information, 4-7 to 4-9
illustration, 4-7

Edit Driver Attributes dialog box, 4-3 to 4-6

command buttons, 4-4 to 4-6
illustration, 4-3
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Instrument Attributes list
box, 4-3 to 4-4
restrictions on modification to inherent
and class attributes, 4-4
invoking, 4-1
limitations in updates to driver files, 4-2
Range Tables dialog box, 4-10 to 4-13
Edit Range Table dialog
box, 4-11 to 4-13
illustration, 4-10
requirements for using, 4-1 to 4-2
reviewing files generated by Instrument
Driver Development Wizard, 3-9

attribute functions

callback functionsSeecallback functions.
purpose and use, 1-12

attributes See alstate-caching, IVI.

accessing with user-callable functions, 8-27
adding new attributes
(example), 9-29 to 9-44
Configure Hold function
panel, 9-36 to 9-43
creating Configure Hold Function
Body, 9-43 to 9-44
Hold Enable attribute, 9-29 to 9-32
Hold Threshold attribute, 9-32 to 9-36
class attributes
constant name for ID, 2-10
definition, 2-7
comparison precision, 2-18 to 2-19
creating and declaring, 2-9 to 2-19
customizing Wizard-generated
attributes, 8-3 to 8-5
adding new attributes, 8-4 to 8-5
deleting attributes, 8-4
general modifications, 8-5
modifying existing attributes, 8-3
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editing attributes (example), 9-13 to 9-24
customizing measurement function
attribute, 9-15 to 9-18
deleting unused attributes,
9-19to 9-24
modifying Write and Read
callbacks, 9-18 to 9-19
flags, 2-11 to 2-13
description of individual
flags, 2-12 to 2-13
list of flags (table), 2-11
getting or setting values in one
command, 2-21
IDs
programming considerations,
8-510 8-6
requirements, 2-10
inherent.Seeinherent attributes, IVI.
instrument-specific
constant name for ID, 2-10
definition, 2-7
invalidation
by changing one attribute, 2-20
by changing two attributes, 2-21
private or hidden, 2-7
programming considerations, 8-5 to 8-22
callbacks, 8-8 to 8-11
data types, 8-7 to 8-8
ID values, 8-5 to 8-6
range tables, 8-11
simulation, 8-7
value definitions, 8-6 to 8-7
programming examples, 8-11 to 8-22
check, coerce, and compare
callbacks, 8-21 to 8-22
continuous range, 8-14 to 8-15
continuous range with discrete
settings, 8-15to 8-17
discrete settings, 8-11 to 8-13
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dynamic range tables, 8-20 to 8-21
multiple static range
tables, 8-17 to 8-20
public, 2-7
purpose and use, 2-7 to 2-8
range tablesSeerange tables.
types of attributes, 2-7 to 2-8
unsupported, in generated driver files, 3-9
user-callable functions for
setting, 8-29 to 8-30

Binary command, Create menu, 6-11 to 6-12
binary controls
control label, 6-11
Create Binary Control dialog box
available items, 6-11 to 6-12

creating function window (example),
6-25 to 6-28
data type, 6-12
default value, 6-12
definition, 6-11
Edit On/Off Settings dialog box
available items, 6-12
creating function window
(example), 6-25, 6-28
parameter position, 6-11 to 6-12
buffered 1/O callback
possible values for msg parameter
(table), 2-29
purpose and use, 2-28 to 2-29

C

callback functions
attribute callbacks, 2-22 to 2-26
check callback, 2-24
coerce callback, 2-24 to 2-25
compare callback, 2-25 to 2-26
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programming considerations,
8-8t0 8-11
range table callback, 2-26
read callback, 2-23
write callback, 2-23 to 2-24
definition, 1-12 to 1-13, 2-3
default, 2-18
overview, 2-8 to 2-9, 2-22 to 2-23
purpose and use, 1-12to 1-13
programming attribute
callbacks, 8-8 to 8-11
range table callbacks, 8-10to 8-11
range tables, 8-11
read and coerce callbacks for
ViString attributes, 8-8
reading strings from instrument,
8-9to 8-10
using viRead, 8-10
using viScanf, 8-9
write callbacks, 8-8 to 8-9
session callbacks, 2-26 to 2-29
buffered 1/O callback, 2-28 to 2-29
check status, 2-27 to 2-28
definition, 1-12
instruments without error
queues, 2-28
operation complete callback,
2-26 to 2-27
Change Control Type command, Edit
menu, 6-5
Change Input Control Type dialog box, 6-29
channel strings
definition, 2-29
user-callable functions, 8-30
channel-based attribute, defined, 2-30
channels, 2-29 to 2-30
coercing and validating channel
names, 2-30
overview, 2-29 to 2-30
passing channel names to IVI
functions, 2-30
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virtual channel names, 2-30
check callback functions

attribute programming example,
8-21t0 8-22
default, 2-18
purpose and use, 2-24
check status callback, 2-27 to 2-28
CheckAttribute functions, 2-8
class attributes
constant name for ID, 2-10
definition, 2-7
Class command, Create menu, 5-7
classesSeefunction tree classes; instrument
driver classes.
close functions
definition, 1-12
not called by instrument driver
application functions (note), 1-12
user-callable functions, 8-31
coerce callback functions

attribute programming example,
8-21to 8-22
default, 2-18
programming read and coerce callbacks
for ViString attributes, 8-8
purpose and use, 2-24 to 2-25
coerced range tables
example, 2-16 to 2-17
IVI_VAL_COERCED, 2-15
coercion
channel names, 2-30
state-caching mechanism, 2-21 to 2-22
common control function panel, 6-7
compare callback functions
attribute programming example,
8-211t0 8-22
purpose and use, 2-25to 2-26
comparison precision for
attributes, 2-18 to 2-19
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component functions, 1-9 to 1-10
developer-specified functions,
1-9to 1-10
instrument class specifications, 1-10
required functions, 1-9
configuration entries, IVI instrument
drivers, 2-36
configuration functions
overview, 1-11
user-callable functions that set
attributes, 8-29 to 8-30
context menu, Function Tree Editor, 5-2 to 5-3
available options, 5-3
illustration, 5-3
Control Help command, Edit menu, 6-6
controls.Seefunction panel controls.
conventions used in manuayii
Copy command, Edit menu, 5-4
Copy Controls command, Edit menu, 6-4
Copy Panel command, Edit menu, 6-5
copying and pasting help text, 7-9 to 7-10
Create ActiveX Automation Controller
command, Tools menu
Function Panel Editor, 6-20
Function Tree Editor, 5-10
Create Binary Control dialog box
available options, 6-11 to 6-12
creating function window
(example), 6-25 to 6-28
Edit On/Off Settings dialog box, 6-12
illustration, 6-11
Create Distribution Kit dialog box, 5-14
Create Dynamic Link Library dialog box, 5-13
Create Global Variable Control dialog
box, 6-19
Create Input Control dialog box
available options, 6-8
creating function window
(example), 6-26
illustration, 6-8
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Create IVI Instrument Driver command, Tools
menu
Function Panel Editor, 6-20
Function Tree Editor, 5-10
starting Instrument Driver Development
Wizard, 3-5
Create menu
Function Panel Editor, 6-7 to 6-19
available controls (figure), 6-8
Binary command, 6-11 to 6-12
Global Variable command, 6-19
Input command, 6-8
Message command, 6-19
Numeric command, 6-15to 6-17
Output command, 6-17 to 6-18
Return Value command, 6-18
Ring command, 6-13 to 6-15
Slide command, 6-9 to 6-12
Function Tree Editor
Class command, 5-7
Function Panel Window
command, 5-7 to 5-8
Instrument command, 5-6
Create Numeric Control dialog
box, 6-15 to 6-16

Create Output Control dialog
box, 6-17 to 6-18

Create Return Value Control dialog box, 6-18
Create Ring Control dialog box, 6-13 to 6-15
Create Slide Control dialog box

available options, 6-9 to 6-10

creating function window example, 6-26

Edit Label/Value Pairs dialog

box, 6-10 to 6-11

illustration, 6-9
Cut command, Edit menu, 5-4
Cut Controls command, Edit menu, 6-4
Cut Panel command, Edit menu, 6-5
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cutting and pasting
controls (example), 6-30 to 6-31
functions and panels (example),
5-16 to 5-17

D

data functions, 1-11
data types, 3-12 to 3-20
defining in header files (note), 6-21
intrinsic C data types, 3-12
meta data types, 3-13 to 3-14
Any Array, 3-13
Any Type, 3-13 to 3-14
definition, 3-13
Numeric Array, 3-13
Var Args, 3-14
predefined data types, 3-12 to 3-14
programming considerations, 8-7 to 8-8
purpose and use, 3-11
user-defined, 3-14 to 3-15
array data types, 3-15
creating, 3-14 to 3-15
VISA data types
how to use, 3-16
list of types (table), 3-16
portable instrument drivers
(table), 8-31 to 8-32
purpose and use, 3-16 to 3-17
required for attributes, 2-8
Data Types command, Options
menu, 6-21 to 6-22
.def file, generating for instrument driver, 5-13
default callback functions, 2-18
Default Panel Size command, Options
menu, 6-23
deferred updates
buffered 1/O callbacks, 2-28 to 2-29
purpose and use, 2-35 to 2-36
Detach Program command, Edit Instrument
dialog box, 5-10
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developing instrument driverSeeinstrument
driver development.
diagnostic resources, online, A-1
direct instrument I/O, performing with
user-callable functions, 8-27
discrete range tables
example, 2-16
IVI_VAL_DISCRETE, 2-14
Distribute Vertical Centers command, Edit
menu, 6-6
Distribution command, Edit menu, 6-6
DLLs
Create DLL Project command, Options
menu, 5-13
VXIplug&playStyle command, Options
menu, 5-13 to 5-14
documentation
creating (example), 9-45 to 9-47
.doc file, 9-45 to 9-46
Windows help generation,
9-46 to 9-47
.doc file, 8-43 to 8-44
online help examples, 8-38 to 8-43
function class help (figure), 8-39
function panel control help
(figure), 8-42
function panel help (figure), 8-41
function panel status control help
(figure), 8-43
instrument help (figure), 8-39
Done command, Edit Instrument Dialog
box, 5-10
dynamic range table functions, 2-17 to 2-18

E

Edit Attribute dialog box, Attribute
Editor, 4-7 to 4-9
Advanced dialog box (figure), 4-9
entering information, 4-7 to 4-9
illustration, 4-7
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Edit button, Edit Driver Attributes dialog
box, 4-5
Edit command, Instrument menu, 5-9 to 5-10
Edit Control command, Edit menu, 6-5
Edit Driver Attributes dialog box, Attribute
Editor, 4-3 to 4-6
command buttons, 4-4 to 4-6
illustration, 4-3
Instrument Attributes list box, 4-3 to 4-4
restrictions on modification to inherent
and class attributes, 4-4
Edit Function command
Edit menu, Function Panel Editor, 6-5
Function Tree Editor context menu, 5-3
Edit Function Panel Window command
Edit menu, Function Tree Editor, 5-5
Function Tree Editor context menu, 5-3
invoking Function Panel Editor, 6-1
Options menu, 6-1
Edit Function Tree command
Edit Instrument dialog box, 5-10
Options menu, 6-23
Edit Help command, Edit menu, 5-5
Edit Instrument Attributes command, Tools
menu
Function Panel Editor, 6-20
Function Tree Editor, 5-10
Edit Instrument dialog box
available options, 5-9 to 5-10
illustration, 5-9
Edit Label/Value Pairs dialog box
adding label and value
ring control list, 6-14
slide control list, 6-10
available options, 6-11
changing control type (example), 6-29
command buttons
ring controls, 6-15
slide controls, 6-10
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illustration
ring controls, 6-14
slide controls, 6-10
positioning control (example), 6-27
Edit menu
Function Panel Editor, 6-3 to 6-7
Align Horizontal Centers
command, 6-6
Alignment command, 6-5
available options, 6-2 to 6-3
Change Control Type command, 6-5
Control Help command, 6-6
Copy Controls command, 6-4
Copy Panel command, 6-5
Cut Controls command, 6-4
Cut Panel command, 6-5
Distribute Vertical Centers
command, 6-6
Distribution command, 6-6
Edit Control command, 6-5
Edit Function command, 6-5
Find command, 6-6
Function Help command, 6-7
Paste command, 6-4
Replace command, 6-6
Window Help command, 6-7
Function Tree Editor, 5-4 to 5-5
Find command, 5-5
.FP Auto-Load List command,
5-5t0 5-6
Help Editor dialog box, 7-4
Replace command, 5-5
Edit Node command
Edit menu, 5-4
Function Tree Editor context menu, 5-3
Edit On/Off Settings dialog box
available settings for binary controls, 6-12
creating function window
(example), 6-25, 6-28
Edit Value Set dialog box, 6-16 to 6-17
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Enable Auto Replace command, Tools menu
Function Panel Editor, 6-20
Function Tree Editor, 5-10 to 5-11
error codes, 8-34 to 8-35
completion and warning codes
(table), 8-34 to 8-35
instrument driver error codes (table), 8-35
suggested error values (table), 8-34
error info attributes, 2-38
error information for IVI drivers, getting or
clearing, 1-11
Error Message function, IVI, 1-11
Error Query function, VI, 1-11
error queue
checking with check status callback, 2-28
instruments without error queues, 2-28
error-reporting guidelines, 8-34 to 8-35
external interface modebeeinstrument
driver architecture.

F

File menu
Function Panel Editor, 6-3
Function Tree Editor, 5-4
Help Editor dialog box, 7-4
files for instrument drivers, 1-3
Find command, Edit menu
Function Panel Editor, 6-6
Function Tree Editor, 5-5
flags for instrument driver attributes,
2-11to 2-13
description of individual
flags, 2-12 to 2-13
list of flags (table), 2-11
floating point numbers, precision
comparison, 2-18 to 2-19
Fmt function, using with portable instrument
drivers, 8-33
.FP Auto-Load List command, Edit
menu, 5-5 to 5-6
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.FP File Format command, Options
menu, 5-11 to 5-12
function classesSeefunction tree classes.
Function Help command, Edit menu, 6-7
function panel controls
adding help, 6-7
alignment commands
Align Horizontal Centers
command, 6-6
Alignment command, 6-5
binary, 6-11 to 6-12, 6-25 to 6-28
changing control type
Change Control Type command, 6-5
Change Input Control Type dialog
box, 6-29
example, 6-29 to 6-30
common control panel, 6-7
copying, 6-5
cutting and pasting (example),
6-30 to 6-31
distribution commands
Distribute Vertical Centers
command, 6-6
Distribution command, 6-6
global variable, 6-19
help information, 7-6
input, 6-8, 6-26
message, 6-19
moving, 6-23 to 6-24
numeric, 6-15 to 6-17
output, 6-17 to 6-18
removing (cutting), 6-4
return value, 6-18
ring, 6-13 to 6-15
slide, 6-9 to 6-12, 6-26
Function Panel Editor, 6-1 to 6-31
adding help information, 7-8 to 7-9
Create menu, 6-7 to 6-19
Edit menu, 6-3 to 6-7
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examples
changing control type, 6-29 to 6-30
creating function window,
6-24 to 6-28

cutting and pasting controls,
6-30 to 6-31

File menu, 6-3
illustration, 6-2
Instrument menu, 6-20
invoking, 6-1
items in Function Panel Editor, 6-2 to 6-3
Options menu, 6-21 to 6-23
Tools menu, 6-20 to 6-21
View menu, 6-20
Window menu, 6-21

old style help only, 7-6

selecting style, 5-12
instrument function panel (.fp) file, 1-3
invoking Function Panel Editor, 6-1
moving controls, 6-23 to 6-24
operating, 6-23
programming considerations,

8-36 to 8-37

removing (cutting), 6-4
setting default size, 6-23
toggling scroll bars, 6-23

function tree classes

adding new classes, 5-7
creating multiple classes
(example), 5-15to 5-16

Function Panel Window command, Create
menu, 5-7 to 5-8
Function Panel windows

help information, 7-5
inserting into existing tree, 5-7
number of functions and classes allowed

creating (example), 6-24 to 6-28
definition, 6-7
illustration, 6-28

function panelsSee alsdunction panel

controls; interactive developer interface.
building for instrument drivers, 3-19
common control panel, 6-7
copying, 6-5
creating function window
(example), 6-24 to 6-28
cutting and pasting (example),
5-16 to 5-17
definition, 6-7
determining movability, 6-23
file format features (table), 5-11 to 5-12
generated by Instrument Driver
Development Wizard, 3-7
help information
adding, 6-7
example, 7-8 to 7-9
converting old style to new
style, 5-12
new style help only, 7-5 to 7-6
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(note), 5-7
programming considerations,
8-37 to 8-38
Function Tree Editor, 5-1to 5-17
adding help information
(example), 7-7 to 7-8
available menus, 5-4
context menu, 5-2 to 5-3
Create menu, 5-6 to 5-8
Edit menu, 5-4 to 5-5
examples
cutting and pasting functions and
panels, 5-16 to 5-17
editing items in function tree, 5-17

multiple classes in function
tree, 5-15to 5-16

File menu, 5-4
Function Tree Editor window

(figure), 5-2
Instrument menu, 5-8 to 5-10
invoking, 5-1
invoking Function Panel Editor, 6-1
Options menu, 5-11 to 5-14
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Tools menu, 5-10 to 5-11
Window menu, 5-11
Function Tree (*.fp) option, New command or
Open command, 5-1, 5-15
function trees
adding help information
(example), 7-7 to 7-8
adding new functions, 5-7 to 5-8
building for instrument drivers,
3-18 to 3-19, 5-6
cutting and pasting functions and panels
(example), 5-16 to 5-17
definition, 5-1
functional body
definition, 1-5
purpose and use, 1-6
functions.Seeinstrument driver functions.

G

Generate DEF File command, Options
menu, 5-13

Generate Documentation command, Options
menu, 5-12

Generate Function Prototypes command,
Options menu, 5-12

Generate IVI C++ Wrapper command, Tools
menu, Function Tree Editor, 5-10

Generate New Source for Function Tree
command, Tools menu, 5-11

Generate ODL File command, Options
menu, 5-12 to 5-13

Generate Source for Function Node command,
Function Tree Editor context menu, 5-3

Generate Source for Function Panel
command, Tools menu, 6-20

Generate Source for Function Tree command,
Tools menu, 6-20

Generate Windows Help command, Options
menu, 5-12

generated driver filesSeelnstrument Driver
Development Wizard.
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Get Next Coercion Record function, 1-11
GetAttribute functions
not used in application programs, 2-5
overview, 2-8
Get/Clear Error Info functions, 1-11
Global Variable command, Create menu, 6-19
global variable controls, 6-19
control label, 6-19
control width, 6-19
Create Global Variable Control dialog
box, 6-19
data type, 6-19
definition, 6-19
display format, 6-19
global variable name, 6-19
Go To Callback Source button, Edit Driver
Attributes dialog box, 4-5
Go To Declaration command
Function Tree Editor context menu, 5-3
Tools menu
Function Panel Editor, 6-21
Function Tree Editor, 5-11
Go To Definition command
Function Tree Editor context menu, 5-3
Tools menu
Function Panel Editor, 6-21
Function Tree Editor, 5-11
Go To Range Table Source button, Edit Driver
Attributes dialog box, 4-5

H

Help Editor dialog box, 7-3 to 7-4
Edit menu, 7-4
File menu, 7-4
illustration, 7-3
Tools menu, 7-4
Window menu, 7-4
help file, as component of instrument
drivers, 1-3
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Index

help information, 7-1 to 7-10

adding to instrument drivers, 7-5
controls, 6-7, 7-6
editing, 7-2to 7-3
examples
adding help in Function Panel
Editor, 7-8 to 7-9
adding help in Function Tree
Editor, 7-7 to 7-8
copying and pasting help text,
7-9to 7-10
examples for documentation, 8-38 to 8-43
function class help (figure), 8-39
function panel control help
(figure), 8-42
function panel help (figure), 8-41
function panel status control help
(figure), 8-43
instrument help (figure), 8-39
function classes, 7-5
function panels
new style help only, 7-5to 7-6
old style help only, 7-6
selecting help style, 5-12
selecting old style or new style
help, 6-7
generating files for Windows Help
Compiler, 5-12
Help Editor dialog box, 7-3 to 7-4
new stylevs.old style help, 5-12, 7-1
types of help (table), 7-2

Help Style command, Options menu, 5-12
hidden attributes, 2-7

include files

contents of, 1-3
generated by Instrument Driver
Development Wizard, reviewing, 3-9

I1-10

inherent attribute reference
IVI_ATTR_BUFFERED_I0
CALLBACK, 2-39
IVI_ATTR_CACHE, 2-39
IVI_ATTR_CHECK_STATUS _
CALLBACK, 2-39 to 2-40
IVI_ATTR_CLASS MAJOR
VERSION, 2-40
IVI_ATTR_CLASS MINOR _
VERSION, 2-40
IVI_ATTR_CLASS_PREFIX, 2-40
IVI_ATTR_CLASS_ REVISION, 2-41
IVI_ATTR_DEFER_UPDATE, 2-41
IVI_ATTR_DRIVER_MAJOR _
VERSION, 2-41
IVI_ATTR_DRIVER_MINOR_
VERSION, 2-42
IVI_ATTR_DRIVER_REVISION, 2-42
IVI_ATTR_DRIVER_SETUP, 2-42
IVI_ATTR_ENGINE_MAJOR _
VERSION, 2-42
IVI_ATTR_ENGINE_MINOR _
VERSION, 2-43
IVI_ATTR_ENGINE_REVISION, 2-43
IVI_ATTR_ERROR_ELABORATION,
2-43
IVI_ATTR_FUNCTION _
CAPABILITIES, 2-43
IVI_ATTR_GROUP_CAPABILITIES,
2-43
IVI_ATTR_INTERCHANGE_CHECK,
2-44
IVI_ATTR_I/0O_SESSION, 2-44
IVI_ATTR_LOGICAL_NAME, 2-44
IVI_ATTR_MODULE_PATHNAME,
2-45
IVI_ATTR_NUM_CHANNELS, 2-45
IVI_ATTR_OPC_CALLBACK, 2-45
IVI_ATTR_PRIMARY_ERROR, 2-46
IVI_ATTR_QUERY_INSTR_STATUS,
2-46
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IVI_ATTR_RANGE_CHECK,
2-46 to 2-47

IVI_ATTR_RECORD_COERCIONS,
2-47

IVI_ATTR_RESOURCE_
DESCRIPTOR, 2-47 to 2-48

Index

Create Input Control dialog box, 6-8, 6-26
data type, 6-8

default value, 6-8

definition, 6-8

parameter position, 6-8

instrument capabilities attributes, 2-38
Instrument command, Create menu, 5-6
instrument driver architecture, 1-4 to 1-13

IVI_ATTR_RETURN_DEFERRED _
VALUES, 2-48

IVI_ATTR_SECONDARY_ERROR,
2-48
IVI_ATTR_SIMULATE, 2-48 to 2-49
IVI_ATTR_SPECIFIC_PREFIX, 2-49
IVI_ATTR_SPY, 2-49
IVI_ATTR_SUPPORTS_WR_BUF_
OPER_MODE, 2-49 to 2-50
IVI_ATTR_UPDATING_VALUES,
2-50
IVI_ATTR_VISA_RM_SESSION, 2-50

inherent attributes, VI

categories, 2-37 to 2-38
constant name for ID, 2-10
definition, 2-3, 2-7

error info, 2-38

instrument capabilities, 2-38
session info, 2-37

session I/O, 2-37

user options, 2-37

version info, 2-38

initialize functions for instrument drivers

not called by instrument driver
application functions (note), 1-12

overview, 1-10

Prefix_init, 2-5 to 2-6

Prefix_InitWithOptions, 2-5 to 2-6

programming considerations, 2-5 to 2-6

user-callable functions, 8-30

external interface model, 1-4 to 1-7
functional body, 1-6
general model (figure), 1-5
interactive developer interface, 1-6
IVI engine, 1-6
programmatic developer

interface, 1-6

subroutine interface, 1-7
VISA I/O interface, 1-6

internal design model, 1-8 to 1-13
action/status functions, 1-11
application functions, 1-12
close function, 1-12
component functions, 1-9 to 1-10
configuration functions, 1-11
data functions, 1-11
illustration, 1-8
initialize function, 1-10
utility functions, 1-11to 1-12

instrument driver classes

class templates for generating driver
files (table), 8-2
IVI Foundation specification, 1-10

instrument driver development, 3-1 to 3-20.

See alsalata types; function panels;

instrument driver development examples;

Instrument Driver Development Wizard.
attribute examples, 8-11 to 8-22

input and output parameters, 3-17
Input command, Create menu, 6-8
input controls

control label, 6-8

control width, 6-8

check, coerce, and compare
callbacks, 8-21 to 8-22

continuous range, 8-14 to 8-15

continuous range with discrete
settings, 8-15to 8-17
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discrete settings, 8-11 to 8-13

dynamic range tables, 8-20 to 8-21

multiple static range tables,

8-17 to 8-20

attributes, 8-5 to 8-22

callbacks, 8-8 to 8-11

data types, 8-7 to 8-8

ID values, 8-5 to 8-6

range tables, 8-11

simulation, 8-7

value definitions, 8-6 to 8-7
building function panels, 3-19
checklist, 8-44 to 8-47
documentation guidelines, 8-38 to 8-44

.doc file, 8-43 to 8-44

online help, 8-38 to 8-43
error-reporting guidelines, 8-34 to 8-35
function panels, 8-36 to 8-37
function parameters

defining, 3-11

input and output parameters, 3-17
function tree

adding new classes, 5-7

adding new functions, 5-8

building, 3-18 to 3-19, 5-6

grouping functions

hierarchically, 3-11

hierarchy arrangement, 8-37 to 8-38
functions

defining, 3-9

grouping hierarchically, 3-11

return values, 3-17

structuring, 3-10 to 3-11

writing function code, 3-19
general guidelines, 3-1to 3-2, 8-36
IVl instrument drivers, 2-5 to 2-6
naming drivers, 3-3, 5-7 to 5-8
portable instrument drivers, 8-31 to 8-33
steps for programming, 3-2
testing instrument drivers, 3-19 to 3-20
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user-callable functions, 8-22 to 8-31
accessing attributes, 8-27
channel strings, 8-30
checking instrument status, 8-28
close functions, 8-31
direct instrument I/O, 8-27
functions that only set

attributes, 8-29 to 8-30
initialization functions, 8-30
instrument driver function

structure, 8-23 to 8-25

locking/unlocking sessions,
8-25to 8-26

parameter checking, 8-26
simulating output parameters, 8-27
VXI instrument guidelines, 8-44

instrument driver development

examples, 9-1 to 9-49
adding new attributes and
functions, 9-29 to 9-44

Configure Hold function panel,
9-36 to 9-43

creating Configure Hold Function
Body, 9-43 to 9-44

Hold Enable attribute, 9-29 to 9-32

Hold Threshold attribute,
9-32t09-36

creating documentation, 9-45 to 9-47
.doc file, 9-45 to 9-46

Windows help generation,
9-46 to 9-47
creating IVI instrument driver with
Wizard, 9-1to 9-12
Finish panel, 9-12
General Command Strings panel, 9-4
General Information panel, 9-3
ID Query panel, 9-6
Reset panel, 9-7
Revision panel, 9-9
Self Test panel, 9-8
Standard Operations panel, 9-5
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Test panel, 9-10
Test Results panel, 9-11
editing high-level instrument driver
functions, 9-24 to 9-28
deleting unnecessary functions, 9-28
Fetch function, 9-24 to 9-27
editing instrument driver
attributes, 9-13 to 9-24
customizing measurement function
attribute, 9-15 to 9-18
deleting unused attributes,
9-19t0 9-24
modifying Write and Read
callbacks, 9-18 to 9-19
modifying existing IVI driver,
9-47 to 9-49
Instrument Driver Development
Wizard, 3-3to 3-9
class templates (table), 8-2
creating IVI instrument driver
(example), 9-1 to 9-12
Finish panel, 9-12
General Command Strings panel, 9-4
General Information panel, 9-3
ID Query panel, 9-6
Reset panel, 9-7
Revision panel, 9-9
Self Test panel, 9-8
Standard Operations panel, 9-5
Test panel, 9-10
Test Results panel, 9-11
customizing generated driver
files, 8-3to 8-5
adding new attributes and
functions, 8-4 to 8-5
deleting attributes and functions, 8-4
general modifications, 8-5
modifying existing attributes and
functions, 8-3
generating driver files from templates,
8-1t0 8-2

1-13

Index

reviewing generated driver
files, 3-6 to 3-9
extended functions and attributes, 3-9
function panels, 3-7
include file, 3-9
source file, 3-8
.sub file, 3-7 to 3-8
using Attribute Editor, 3-9
running preliminary 1/O tests, 3-6
selecting template, 3-5to 3-6
Selection Panel (figure), 3-5
starting, 3-5
worksheet for necessary information, 3-4
instrument driver functions
action/status functions, 1-11
adding new attributes and functions
(example), 9-29 to 9-44
Configure Hold function panel,
9-36 to 9-43
creating Configure Hold Function
Body, 9-43 to 9-44
Hold Enable attribute, 9-29 to 9-32
Hold Threshold attribute,
9-32t0 9-36
adding to function tree, 5-7 to 5-8
creating multiple classes
(example), 5-15 to 5-16
empty tree or class, 5-8
existing tree, 5-8
application functions, 1-12
callbacks, 2-8 to 2-9
close function, 1-12
configuration functions, 1-11
customizing Wizard-generated
functions, 8-3 to 8-5
adding new attributes, 8-4 to 8-5
deleting attributes, 8-4
general modifications, 8-5
modifying existing attributes, 8-3
cutting and pasting functions and panels
(example), 5-16 to 5-17
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data functions, 1-11
editing high-level functions
(example), 9-24 to 9-28
deleting unnecessary functions, 9-28
Fetch function, 9-24 to 9-27
extended functions, in generated driver
files, 3-9
get/set/check functions, 2-8
high-level functions
implementation of, 2-7
IVI drivers, 2-7
overview, 2-31
VXI plugé&play drivers, 2-7
initialize functions, 1-10
naming, 5-7 to 5-8
required functions, 2-6 to 2-7, 3-18
typesafe functions, 2-8
utility functions, 1-11 to 1-12

Instrument Driver Support Only command,
Build menu, 5-13
instrument driversSee alsdVI instrument
drivers.
definition, 2-2
files for instrument drivers, 1-3
help information, 7-5
historical evolution, 1-1 to 1-2
loading and editing, 5-8 to 5-10
operation of, 1-4, 3-19
overview, 1-1
purpose and use, 1-3to 1-4
Instrument menu
Function Panel Editor, 6-20
Function Tree Editor, 5-8 to 5-10
Edit command, 5-9 to 5-10
Load command, 5-8
Unload command, 5-9
instrument simulationSeesimulation of
instruments.
instrument-specific attributes
constant name for ID, 2-10
definition, 2-7
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Intelligent Virtual Instrument driver&eelVI
instrument drivers.
interactive developer interface
definition, 1-5
purpose and use, 1-6
interchangeability, IVI, 1-2
internal design modeSeeinstrument driver
architecture.
internal subroutine interface, 1-5
intrinsic C data types, 3-12
Invalidate All Attributes function, 1-12
I/0 tests, running from Wizard, 3-6
IVl engine
definition, 1-5
interaction with IVI instrument
drivers, 2-3to 2-4
purpose and use, 1-6
IVI instrument drivers, 2-1 to 2-36
attribute callback functions, 2-22 to 2-26
channels, 2-29 to 2-30
comparison precision, 2-18 to 2-19
configuration entries, 2-36
creating and declaring attributes,
2-9to0 2-19
deferred updates, 2-35 to 2-36
definition, 2-1, 2-2
features, 1-2, 2-1 to 2-2
functions and attribute model, 2-6 to 2-9
high-level driver functions, 2-31
inherent VI attributes, 2-37 to 2-50
interaction with IVI engine, 2-3 to 2-4
modifying existing VI driver
(example), 9-47 to 9-49
multithread safety, 2-34 to 2-35
operation, 2-3 to 2-4
diagram, 2-5
overview, 2-2 to 2-3
programming, 2-5 to 2-6ee also
instrument driver development.
range checking, 2-31 to 2-32
range tables, 2-13 to 2-18
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session callback functions, 2-26 to 2-29

simulation, 2-33
state-caching mechanism, 2-19 to 2-22
status checking, 2-32 to 2-33
IVI_ATTR_BUFFERED_10_CALLBACK,
2-39
IVI_ATTR_CACHE, 2-39
IVI_ATTR_CHECK_STATUS
CALLBACK, 2-39to 2-40
IVI_ATTR_CLASS_MAJOR_
VERSION, 2-40
IVI_ATTR_CLASS_MINOR_VERSION,
2-40
IVI_ATTR_CLASS_PREFIX, 2-40
IVI_ATTR_CLASS_REVISION, 2-41
IVI_ATTR_DEFER_UPDATE, 2-41
IVI_ATTR_DRIVER_MAJOR_VERSION,
2-41
IVI_ATTR_DRIVER_MINOR_VERSION,
2-42
IVI_ATTR_DRIVER_REVISION, 2-42
IVI_ATTR_DRIVER_SETUP, 2-42
IVI_ATTR_ENGINE_MAJOR_VERSION,
2-42
IVI_ATTR_ENGINE_MINOR_VERSION,
2-43
IVI_ATTR_ENGINE_REVISION, 2-43
IVI_ATTR_ERROR_ELABORATION, 2-43
IVI_ATTR_FUNCTION_CAPABILITIES,
2-43
IVI_ATTR_GROUP_CAPABILITIES, 2-43
IVI_ATTR_INTERCHANGE_CHECK, 2-44
IVI_ATTR_I/O_SESSION, 2-44
IVI_ATTR_LOGICAL_NAME, 2-44
IVI_ATTR_MODULE_PATHNAME, 2-45
IVI_ATTR_NUM_CHANNELS, 2-45
IVI_ATTR_OPC_CALLBACK, 2-45
IVI_ATTR_PRIMARY_ERROR, 2-46
IVI_ATTR_QUERY_INSTR_STATUS, 2-46
IVI_ATTR_RANGE_CHECK, 2-46 to 2-47
IVI_ATTR_RECORD_COERCIONS, 2-47
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IVI_ATTR_RESOURCE_DESCRIPTOR,
2-47 to 2-48
IVI_ATTR_RETURN_DEFERRED _
VALUES, 2-48
IVI_ATTR_SECONDARY_ERROR, 2-48
IVI_ATTR_SIMULATE, 2-48 to 2-49
IVI_ATTR_SPECIFIC_PREFIX, 2-49
IVI_ATTR_SPY, 2-49
IVI_ATTR_SUPPORTS_WR_BUF _
OPER_MODE, 2-49 to 2-50
IVI_ATTR_UPDATING_VALUES, 2-50
IVI_ATTR_VISA_RM_SESSION, 2-50
Ivi_CheckAttribute functions, 2-8
Ivi_GetAttribute functions, 2-8
ivi.ini file, 2-36
Ivi_SetAttribute functions, 2-8
IVI_VAL_ALWAYS_CACHE flag, 2-12
IVI_VAL_COERCEABLE_ONLY_BY_
INSTR flag, 2-13
IVI_VAL_COERCED range tables, 2-15
IVI_VAL_DISCRETE range tables, 2-14
IVI_VAL_DONT_CHECK_STATUS
flag, 2-13
IVI_VAL_DONT_RETURN_DEFERRED_
VALUE flag, 2-12
IVI_VAL_FLUSH_ON_WRITE flag, 2-12
IVI_VAL_HIDDEN flag, 2-12
IVI_VAL_MULTI_CHANNEL flag, 2-12
IVI_VAL_NEVER_CACHE flag, 2-12
IVI_VAL_NO_DEFERRED_UPDATE flag,
2-12
IVI_VAL_NOT_READABLE flag, 2-12
IVI_VAL_NOT_SUPPORTED flag, 2-12
IVI_VAL_NOT_USER_READABLE
flag, 2-12
IVI_VAL_NOT_USER_WRITABLE
flag, 2-12
IVI_VAL_NOT_WRITABLE flag, 2-12
IVI_VAL_RANGED range tables, 2-14
IVI_VAL_USE_CALLBACKS _FOR_
SIMULATION flag, 2-13
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IVI_VAL_WAIT_FOR_OPC_AFTER_
WRITES flag, 2-13

IVI_VAL_WAIT_FOR_OPC_BEFORE_
READS flag, 2-13

L

Load command, Instrument menu, 5-8
Lock/Unlock Session functions
overview, 1-12
programming considerations, 2-6
user-callable functions, 8-25 to 8-26

Message command, Create menu, 6-19
message controls, 6-19
meta data types, 3-13 to 3-14
Any Array, 3-13
Any Type, 3-13to0 3-14
definition, 3-13
Numeric Array, 3-13
Var Args, 3-14
models for instrument driverSeeinstrument
driver architecture.
Move buttons, Edit Driver Attributes
dialog box, 4-5
moving controls, 6-23 to 6-24
multithread safety, VI instrument
drivers, 2-34 to 2-35

names

files for instrument drivers, 1-3

functions for instrument

drivers, 5-7 to 5-8

instrument drivers, 3-3, 5-7 to 5-8
National Instruments Web support, A-1 to A-2
New command, File menu, 5-1
Numeric Array data type, 3-13
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Numeric command, Create
menu, 6-15 to 6-17
numeric controls
control label, 6-15
Create Numeric Control dialog
box, 6-15 to 6-16
creating, 6-15to 6-17
data type, 6-16
default value, 6-16
definition, 6-15
display format, 6-16
Edit Value Set dialog box, 6-16 to 6-17
parameter position, 6-15 to 6-16
precision, 6-16

0

.odl (Object Description Language) file,
generating, 5-12 to 5-13
online help Seehelp information.
online problem-solving and diagnostic
resources, A-1
Operate Function Panel command, Options
menu, 6-23
operation complete callback, 2-26 to 2-27
Options menu
Function Panel Editor, 6-21 to 6-23
Data Types command, 6-21 to 6-22
Default Panel Size command, 6-23
Edit Data Type List dialog box, 6-22
Edit Function Tree command, 6-23
Operate Function Panel command,
6-23
Panels Movable command, 6-23
Toggle Scroll Bars command, 6-23
Toolbar command, 6-23
Function Tree Editor, 5-11 to 5-14
Create DLL Project command, 5-13
.FP File Format command,
5-11t0 5-12
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Generate Documentation command,
5-12
Generate Function Prototypes
command, 5-12
Generate ODL File command,
5-12 to 5-13
Generate Windows Help command,
5-12
Help Style command, 5-12
Transfer Window Help to Function
Help command, 5-12
VXIlplug&playStyle command,
5-13t05-14
Output command, Create menu, 6-17 to 6-18
output controls, 6-17 to 6-18
control label, 6-17
control width, 6-18
Create Output Control dialog box,
6-17 to 6-18
data type, 6-17
default value, 6-18
definition, 6-17
display format, 6-18
parameter position, 6-17

P

Panels Movable command, Options
menu, 6-23
parameter checking, user-callable
functions, 8-25 to 8-26
parametersSee alsalata types.
defining, 3-11
input and output parameters, 3-17
Paste command, Edit menu, 6-4
Paste Above command, Edit menu, 5-4
Paste Below command, Edit menu, 5-4
pasting
controls (example), 6-30 to 6-31
functions and panels (example),
5-16 to 5-17
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help text, 7-9 to 7-10
portable instrument drivers,
developing, 8-31 to 8-33
declaring instrument driver
functions, 8-32
instrument driver data types
(table), 8-31 to 8-32
using Scan and Fmt functions, 8-33
precision of floating point
numbers, 2-18 to 2-19
prefix for instrument driver names, 3-3
Prefix_CheckAttribute functions, 2-8
Prefix_GetAttribute functions, 2-8
Prefix_init function, 2-5 to 2-6
Prefix_InitWithOptions function, 2-5 to 2-6
Prefix_LockSession function, 2-6
Prefix_SetAttribute functions, 2-8
Prefix_UnLockSession function, 2-6
private attributes, 2-7
problem-solving and diagnostic resources,
online, A-1
programmatic developer interface
definition, 1-5
purpose and use, 1-6
programming exampleSeenstrument driver
development examples.
programming instrument driverSee
instrument driver development.
public attributes, 2-7

R

range checking
definition, 2-3
purpose and use, 2-31 to 2-32
range table callbacks
programming considerations,
8-10to 8-11

purpose and use, 2-26
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range tables, 2-13 to 2-18
attribute programming examples
continuous range, 8-14 to 8-15
continuous range with discrete
settings, 8-15to 8-17
discrete settings, 8-11 to 8-13
dynamic range tables, 8-20 to 8-21
multiple static range
tables, 8-17 to 8-20
coerced range table example, 2-16 to 2-17
default check and coerce callbacks, 2-18
definition, 2-3
discrete range table example, 2-16
IVI_VAL_COERCED, 2-15
IVI_VAL_DISCRETE, 2-14
IVI_VAL_RANGED, 2-14
programming considerations, 8-11
ranged range table example, 2-17
static and dynamic, 2-17 to 2-18
structures, 2-14 to 2-15
Range Tables button, Edit Driver Attributes
dialog box, 4-5
Range Tables dialog box, Attribute
Editor, 4-10 to 4-13
Edit Range Table dialog box, 4-11 to 4-13
illustration, 4-10
ranged range tables
example, 2-17
IVI_VAL_RANGED, 2-14
read callback functions
programming read and coerce callbacks
for ViString attributes, 8-8
purpose and use, 2-23
reading strings
using viRead, 8-10
using viScanf, 8-9
Reattach Program command, Edit Instrument
dialog box, 5-10 to 5-11
Replace command, Edit menu
Function Panel Editor, 6-6
Function Tree Editor, 5-5
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required functions for instrument
drivers, 2-6 to 2-7, 3-18
Reset function, 1-11
Return Value command, Create menu, 6-18
return value controls, 6-18
control label, 6-18
control width, 6-18
Create Return Value Control dialog
box, 6-18
data type, 6-18
definition, 6-18
display format, 6-18
return values, instrument driver
functions, 3-17
Revision Query function, 1-11
Ring command, Create menu, 6-13 to 6-15
ring controls
control label, 6-13
control width, 6-13

Create Ring Control dialog box,
6-13 to 6-15
data type, 6-13
default value, 6-13
definition, 6-13
Edit Label/Value Pairs dialog box,
6-14 to 6-15
adding label and value, 6-14
command buttons, 6-15
illustration, 6-14
parameter position, 6-13

S

Scan function, using with portable instrument
drivers, 8-33
Select Attribute Constant dialog box, 3-7
session callback functions, 2-26 to 2-29
buffered 1/O callback, 2-28 to 2-29
check status, 2-27 to 2-28
definition, 1-12
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instruments without error queues, 2-28

operation complete callback, 2-26 to 2-27

session info attributes, 2-37
session 1/O attributes, 2-37
sessions, initializing, 2-5 to 2-6
SetAttribute functions
not used in application programs, 2-5
overview, 2-8
Show Info command, Edit Instrument dialog
box, 5-9
simulation of instruments
definition, 2-3
overview, 1-2
preventing instrument 1/0O during
(note), 2-33
programming considerations, 8-7
purpose and use, 2-33
user-callable functions, 8-27
Slide command, Create menu, 6-9 to 6-12
slide controls
control label, 6-9
Create Slide Control dialog box,
6-9 to 6-10, 6-26
data type, 6-9
default value, 6-9
definition, 6-9
Edit Label/Value Pairs dialog box
adding label and value, 6-10
command buttons, 6-11
examples, 6-27, 6-29
illustration, 6-10
parameter position, 6-10
software-related resources, A-2

Source Code Control command, Tools menu,

Function Tree Editor, 5-11
source files
as component of instrument drivers, 1-3
Generate New Source for Function Tree
command, Tools menu, 5-11
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Generate Source for Function Node
command, Function Tree Editor
context menu, 5-3

Generate Source for Function Panel
command, Tools menu, 6-20

Generate Source for Function Tree
command, Tools menu, 6-20

generated by Instrument Driver
Development Wizard
categories of functions in, 3-8
reviewing, 3-8
state-caching, VI, 2-19 to 2-22
definition, 2-3
enabling and disabling, 2-22
initial instrument state, 2-20
instrument coerce values, 2-21 to 2-22
invalidation of attributes
by changing one attribute, 2-20
by changing two attributes, 2-21
overview, 1-2, 2-19 to 2-20
setting/getting values of two attributes
with one command, 2-21
special cases, 2-20to 2-22
static range tables, 2-17 to 2-18
status checking
check status callback, 2-27 to 2-28
functions for, 1-11
purpose and use, 2-32 to 2-33
user-callable functions, 8-28
status query, 2-3
strings, reading
using viRead, 8-10
using viScanf, 8-9
structures

programming user-callable
functions, 8-23 to 8-25

range tables, 2-14 to 2-15
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.sub file
definition, 1-3
generated by Instrument Driver
Development Wizard,
reviewing, 3-7 to 3-8
subroutine interface, 1-7

T

technical support resources, A-1to A-2
templates
instrument driver class templates
(table), 8-2
selecting for instrument driver, 3-5to 3-6
testing instrument drivers
procedure, 3-19 to 3-20
running preliminary 1/O tests from
Wizard, 3-6
Toggle Scroll Bars command, Options
menu, 6-23
Toolbar command, Options menu, Function
Panel Editor, 6-23
Tools menu
Function Panel Editor
Create ActiveX Automation
Controller command, 6-20
Create VI Instrument Driver
command, 3-5, 6-20
Edit Instrument Attributes
command, 6-20
Enable Auto Replace command, 6-20
Generate Source for Function Tree
command, 6-20
Go To Declaration command, 6-21
Go To Definition command, 6-21
Function Tree Editor
Create ActiveX Automation
Controller, 5-10
Create IVI Instrument Driver
command, 5-10
Edit Instrument Attributes
command, 5-10
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Enable Auto Replace command,
5-10to 5-11
Generate IVI C++ Wrapper
command, 5-10
Generate New Source for Function
Tree command, 5-11
Go To Declaration command, 5-11
Go To Definition command, 5-11
Source Code Control command, 5-11
Help Editor dialog box, 7-4
Transfer Window Help to Function Help
command, Options menu, 5-12
typesafe functions, 2-8

u

Unload command, Instrument menu, 5-9
unlock session functionSeel.ock/Unlock
Session functions.
updates, deferred
buffered 1/O callbacks, 2-28 to 2-29
purpose and use, 2-35 to 2-36
user options attributes, 2-37
user-callable functions, programming,
8-22 t0 8-31
accessing attributes, 8-27
channel strings, 8-30
checking instrument status, 8-28
close functions, 8-31
direct instrument I/O, 8-27

functions that only set
attributes, 8-29 to 8-30
initialization functions, 8-30
instrument driver function
structure, 8-23 to 8-25
locking/unlocking sessions, 8-25 to 8-26
parameter checking, 8-26
simulating output parameters, 8-27
user-defined data types, 3-14 to 3-15
array data types, 3-15
creating, 3-14 to 3-15
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VISA data types, 3-16 to 3-17
utility functions, 1-11to 1-12

v

Var Args data type, 3-14
version info attributes, 2-38
VIBoolean[ ] data type (table), 3-16
VIBoolean data type (table), 3-16
VIChar[ ] data type (table), 3-16
VIConstString data type (table), 3-16
View menu, Function Panel Editor, 6-20
_VI_FUNC macro, 8-32
VIIntl16][ ] data type (table), 3-16
VIIntl6 data type (table), 3-16
VIInt32[ ] data type (table), 3-16
VIInt32 data type (table), 3-16
viRead function for reading strings, 8-10
VIReal64][ ] data type (table), 3-16
VIReal64 data type (table), 3-16
VIRsrc data type (table), 3-16
virtual channel names, 2-30
Virtual Instrumentation Software
Architecture.SeeVISA I/O interface.

VISA data types

how to use, 3-16 to 3-17

list of types (table), 3-16

portable instrument drivers

(table), 8-31 to 8-32

purpose and use, 3-16 to 3-17

required for attributes, 2-8
VISA I/O interface

definition, 1-5

purpose and use, 1-6
VISA I/O library macros (table), 8-32
viScanf function for reading strings, 8-9
VISession data type (table), 3-16
VIStatus data type (table), 3-16
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ViString attributes, read and coerce
callbacks for, 8-8
VXI instrument programming guidelines, 8-44
VXI plug&play instrument driver
high-level functions, 2-7
historical evolution of instrument
drivers, 1-1to 1-2
VXIplug&playStyle command, Options
menu, 5-13 to 5-14
default settings
Advanced dialog box, 5-14
Create Distribution Kit dialog
box, 5-14
Create Dynamic Link Library dialog
box, 5-13
Instrument Driver Support Only
command, 5-13
effects on DLL project, 5-13

W

Web support from National Instruments,
A-1to A-2
online problem-solving and diagnostic
resources, A-1
software-related resources, A-2
Window Help command, Edit menu, 6-7
Window menu
Function Panel Editor, 6-21
Function Tree Editor, 5-11
Help Editor dialog box, 7-4
Windows DLLs.SeeDLLs.
Worldwide technical support, A-2
write callback functions
programming considerations, 8-8 to 8-9
purpose and use, 2-23 to 2-24
Write/read Instrument Data functions, 1-12
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