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(57) ABSTRACT 

System and method for generating an application domain 
specific graphical program. A graphical user interface (GUI) 
for specifying functionality of a graphical program in an 
application domain is displayed, where the GUI corresponds 
specifically to the application domain. User input to the GUI 
specifying the functionality of the graphical program is 
received, and the graphical program generated in response, 
where the graphical program is executable to perform the 
specified functionality, and comprises multiple intercon 
nected graphical program nodes that visually represent the 
graphical program functionality. The GUI includes graphical 
interface elements operable to indicate and/or specify, e.g., 
via user input, respective attributes of the graphical program 
Such as timing, triggering, analog and/or digital input/output 
(I/O), resource allocation, processing option, inclusion of one 
or more external files, and one or more target devices, among 
others, and may determine the graphical interface elements 
based on the specified one or more target devices. 
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AUTOMATIC GENERATION OF APPLICATION 
DOMAIN SPECIFIC GRAPHICAL PROGRAMIS 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of graphical 
programming, and more particularly to a system and method 
of use for an application domain specific tool for specifying 
desired program functionality for a graphical program in the 
application domain, and programmatically generating 
graphical source code implementing the specified function 
ality. 

DESCRIPTION OF THE RELATED ART 

0002 Traditionally, high level text-based programming 
languages have been used by programmers in writing appli 
cation programs. Many different high level text-based pro 
gramming languages exist, including BASIC, C, C++, Java, 
FORTRAN, Pascal, COBOL, ADA, APL, etc. Programs writ 
ten in these high level text-based languages are translated to 
the machinelanguage level by translators known as compilers 
or interpreters. The high level text-based programming lan 
guages in this level, as well as the assembly language level. 
are referred to herein as text-based programming environ 
mentS. 

0003 Increasingly, computers are required to be used and 
programmed by those who are not highly trained in computer 
programming techniques. When traditional text-based pro 
gramming environments are used, the user's programming 
skills and ability to interact with the computer system often 
become a limiting factor in the achievement of optimal utili 
Zation of the computer system. 
0004 There are numerous subtle complexities which a 
user must master before he can efficiently program a com 
puter system in a text-based environment. The task of pro 
gramming a computer system to model or implement a pro 
cess often is further complicated by the fact that a sequence of 
mathematical formulas, steps or other procedures customar 
ily used to conceptually model a process often does not 
closely correspond to the traditional text-based programming 
techniques used to program a computer system to model Such 
a process. In other words, the requirement that a user program 
in a text-based programming environment places a level of 
abstraction between the user's conceptualization of the solu 
tion and the implementation of a method that accomplishes 
this solution in a computer program. Thus, a user often must 
substantially master different skills in order to both concep 
tualize a problem or process and then to program a computer 
to implement a solution to the problem or process. Since a 
user often is not fully proficient in techniques for program 
ming a computer system in a text-based environment to 
implement his solution, the efficiency with which the com 
puter system can be utilized often is reduced. 
0005 To overcome the above shortcomings, various 
graphical programming environments now exist which allow 
a user to construct a graphical program or graphical diagram, 
also referred to as a block diagram. U.S. Pat. Nos. 4,901.221; 
4.914,568; 5.291,587; 5,301,301; and 5,301,336; among oth 
ers, to Kodosky etal disclose a graphical programming envi 
ronment which enables a user to easily and intuitively create 
a graphical program. Graphical programming environments 
Such as that disclosed in Kodosky et al can be considered a 
higher and more intuitive way in which to interact with a 
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computer. A graphically based programming environment 
can be represented at a level above text-based high level 
programming languages such as C. Basic, Java, etc. 
0006. A user may assemble a graphical program by select 
ing various icons or nodes which represent desired function 
ality, and then connecting the nodes together to create the 
program. The nodes or icons may be connected by lines 
representing data flow between the nodes, control flow, or 
execution flow. Thus the block diagram may include a plural 
ity of interconnected icons such that the diagram created 
graphically displays a procedure or method for accomplish 
ing a certain result, such as manipulating one or more input 
variables and/or producing one or more output variables. In 
response to the user constructing a diagram or graphical pro 
gram using the block diagram editor, data structures and/or 
program instructions may be automatically constructed 
which characterize an execution procedure that corresponds 
to the displayed procedure. The graphical program may be 
compiled or interpreted by a computer. 
0007. A graphical program may have a graphical user 
interface. For example, increating agraphical program, a user 
may create a front panel or user interface panel. The front 
panel may include various graphical user interface elements 
or front panel objects, such as user interface controls and/or 
indicators, that represent or display the respective input and 
output that will be used by the graphical program, and may 
include other icons which represent devices being controlled. 
0008 Thus, graphical programming has become a power 
ful tool available to programmers. Graphical programming 
environments such as the National Instruments LabVIEW 
product have become very popular. Tools such as LabVIEW 
have greatly increased the productivity of programmers, and 
increasing numbers of programmers are using graphical pro 
gramming environments to develop their software applica 
tions. In particular, graphical programming tools are being 
used for test and measurement, data acquisition, process con 
trol, man machine interface (MMI), supervisory control and 
data acquisition (SCADA) applications, modeling, simula 
tion, image processing/machine vision applications, and 
motion control, among others. 
0009. As graphical programming environments have 
matured and grown in popularity and complexity, it has 
become increasingly desirable to provide high-level tools 
which help a user create a graphical program. It also becomes 
increasingly desirable to integrate graphical programming 
environments with other applications and programming envi 
ronments. In order to provide the desired tools or the desired 
integration, it would be greatly desirable to provide the ability 
to dynamically or programmatically generate a graphical pro 
gram or a portion of a graphical program. For example, for 
various applications, it would be desirable to provide various 
types of program information to a program, wherein the pro 
gram information specifies functionality of a graphical pro 
gram (or portion of a graphical program) to be programmati 
cally generated. 

0010. As described above, a user typically creates a 
graphical program within a graphical programming environ 
ment by interactively or manually placing icons or nodes 
representing the desired blocks of functionality on a diagram, 
and connecting the icons/nodes together to represent one or 
more of the data flow, control flow, and/or execution flow of 
the program. The ability to programmatically generate a 
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graphical program in response to program information would 
enable a graphical program or graphical program portion to 
automatically be generated without this type of interactive 
user input. For example, it would be desirable for the user to 
be able to specify program functionality at a high level via one 
or more graphical user interface (GUI) panels, and to then 
programmatically generate a graphical program or graphical 
program portion implementing the specified program func 
tionality, where the graphical program may be targeted for 
various target platforms, such as FPGAs, embedded devices, 
and general purpose computer systems, among others. 

SUMMARY OF THE INVENTION 

0011 Various embodiments of a tool, e.g., an application 
assistant, are described that may be used to specify or other 
wise define the organization of features in an application, i.e., 
in a graphical program. In a preferred embodiment, an appli 
cation assistant may be designed to build block diagrams for 
a specific class of applications, such as control loops, timer/ 
counters, I/O, signal generation, etc. The creator of the assis 
tant preferably has domain knowledge about the individual 
features and how they relate to one another for this class of 
applications. Therefore the assistant preferably knows which 
features are defined as input resources and which are defined 
as output resources so that they may be placed correctly in the 
block diagram. In one embodiment, a simple assistant may 
provide the ability to configure timing, triggering, and I/O 
features. In more advanced embodiments, extensions to this 
basic functionality may include advanced I/O types, embed 
ded processing, and inclusion of user created features, 
resource allocation, processing options, inclusion of external 
files, and target devices for the graphical program, among 
others. Further details of an example application assistant and 
its use are provided below. 
0012. The method described below is preferably per 
formed by an application assistant (or equivalent) that 
includes a GUI for displaying information to a user and for 
receiving input from the user, e.g., via a plurality of fields, 
sections, or panels displayed on a computer monitor. The 
method below is described with respect to a control loop 
application, where, for example, a first portion of the appli 
cation is targeted for execution on a programmable hardware 
element, such as an FPGA, and a second portion of the appli 
cation is targeted for execution on a host computer system, 
where the first and second portions execute in a coordinated 
manner to perform the application domain specific function 
ality, e.g., the control loop. However, it should be noted that 
this is but one example of an application assistant, and that 
other types of application assistants (or equivalent) are also 
contemplated for any application domain desired. Applica 
tion domains contemplated include, but are not limited to, 
control loops, timer/counters, data acquisition, machine 
vision, and so forth. Note that the specificity of the various 
domains contemplated may vary widely, and that domains 
may also be hierarchical. 
0013 For example, at a high level, control usually refers to 
maintaining a system at a setpoint through the use of com 
mand outputs and feedback inputs. An application assistant 
may be created that deals with this domain at a fairly simple 
and general level. For example, in one embodiment, the assis 
tant may provide or facilitate a single timed loop, and may 
allow the user to specify the inputs to be sampled and the 
outputs to be driven, where, for example, all of the processing 
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occurs in the host. This example assistant may be used for 
many types of control applications. 
0014) However, there are many sub-domains that may 
benefit from more specific application assistants. These more 
specific application assistants (e.g., control assistants) may 
offer options that are tuned or correspond to the more narrow 
domains. For example, consider a servo motor positioning 
controller. This type of controller operates to rotate a motor in 
a controlled fashion from one position to another. The system 
typically includes forward and reverse limit switches used to 
indicate the end of travel, and implemented as digital inputs. 
Instead of just presenting generic digital I/O, the assistant 
may ask which lines are specifically to be used as limit 
switches. The feedback mechanism for the majority of servo 
motor applications is some form of quadrature encoder. 
Although the assistant may present other options for feed 
back, in some embodiments, it may offer a richer set of 
quadrature interfaces than the generic assistant might, and 
may offer the quadrature interface as the default selection. 
0015 Thus, in various embodiments, application assis 
tants may be provided for any domain or Sub-domain desired, 
including, for example, control, e.g., control loops, motion 
control, etc., timer/counters; measurement, e.g., data acqui 
sition, waveform generation, etc., data analysis, e.g., pattern 
matching, image and/or signal processing, etc., machine 
vision, hardware in the loop simulation, simulation, and 
embedded systems, among others. Note that these application 
domains and Sub-domains are meant to be exemplary only, 
and are not intended to limit the fields, domains, or sub 
domains, to which application assistants may be directed. 
0016. An application domain specific graphical user inter 
face (GUI) may be displayed for specifying functionality of a 
graphical program in an application domain, wherein the GUI 
corresponds specifically to the application domain, and pref 
erably includes a plurality of graphical interface elements, 
e.g., controls and/or indicators, operable to specify and/or 
indicate respective attributes of the graphical program. 
0017 User input may be received to the GUI, e.g., via a 
pointing device, keyboard, Voice, and/or any other type of 
user interface means, to the GUI, e.g., by manipulating con 
trols, entering alphanumeric data, etc., to specify desired 
functionality or otherwise configure the application as 
desired. For example, the user input to the GUI may specify 
Such aspects of the graphical program as timing, triggering, 
analog input/output (I/O), digital I/O, resource allocation, 
mathematical algorithms and/or other processing, one or 
more target devices, and/or inclusion of one or more external 
files in the graphical program, e.g., user created Sub VIS or 
third party programs, among others. 
0018. In one embodiment, the GUI may be dynamic with 
respect to the user input (or with respect to input from other 
Sources). For example, in an embodiment where the user 
input to the GUI specifies one or more target devices for the 
graphical program, the plurality of graphical interface ele 
ments (comprised in and displayed by the GUI) may be deter 
mined based on the specified one or more target devices for 
the graphical program, where the plurality of graphical inter 
face elements correspond to respective attributes of the 
graphical program appropriate to the one or more target 
devices. In other words, if the specified target device (or 
devices) has no digital resources, i.e., no digital lines, then the 
GUI may not include graphical interface elements for speci 
fying digital resources. 
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0019. In another embodiment, once the user has specified 
the functionality of the graphical program, the application 
assistant may determine one or more Suitable target devices 
for the graphical program based on the specified functional 
ity, and the GUI may indicate the one or more suitable target 
devices, e.g., via a list box or other means. User input may 
then be received selecting at least a subset of the one or more 
suitable target devices for deployment and execution of the 
graphical program. In other words, the assistant may be oper 
able to restrict the possible target devices presented to the user 
to those capable of Supporting the specified functionality. 
Thus, if digital resources are specified by the user, the GUI 
preferably presents target devices for selection that include 
Such digital resources. 

0020. In one embodiment, at least a portion of the graphi 
cal program is targeted for execution on a programmable 
hardware element. The GUI may be operable to display an 
estimated utilization of the programmable hardware element 
by the graphical program. 

0021. Then, the graphical program may be programmati 
cally or automatically generated in response to the user input. 
The graphical program comprises a plurality of intercon 
nected graphical program nodes that visually represents the 
functionality of the graphical program, and is executable to 
perform the specified functionality. In one embodiment, the 
assistant may generate both the FPGA diagram intended for 
the hardware and the RT diagram targeting the processor. 
Thus, in this example control application, the generated 
graphical program is a distributed graphical program com 
prising a first portion and a second portion, where the first 
portion is targeted for execution on a first device, and where 
the second portion is targeted for execution on a second 
device, and where the first portion and the second portion are 
respectively executable on the first device and the second 
device to perform the specified functionality in a cooperative 
a. 

0022. In various embodiments, the graphical program 
code may be generated using any of various methods or 
techniques. For example, the application assistant may ana 
lyze the inputs provided by the user and determine appropri 
ate graphical program elements corresponding to the speci 
fied functionality, and may configure the determined 
graphical program elements accordingly, including setting 
values of one or more parameters and interconnecting (“wir 
ing”) the graphical program elements to implement the cor 
rect input/output relationships between them. In other 
embodiments, in generating the graphical program, the appli 
cation assistant may generate one or more intermediate struc 
tures, e.g., data structures or files. For example, the applica 
tion assistant may analyze the user input, generate one or 
more data structures based on the analysis, and generate the 
graphical program based on the one or more data structures. 
As another example, the application assistant may generate a 
program specification based on the user input, then parse and 
analyze the program specification, and generate the graphical 
program based on the analysis. 

0023. In one embodiment, configuration information for 
the graphical program may be stored, e.g., in one or more of 
the intermediate structures described above, or may be gen 
erated based on the graphical program. In one embodiment, 
the configuration information may be stored in the graphical 
program. For example, the graphical program may be tagged 
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with the configuration information. Then, at Some later date, 
the graphical program may be analyzed, e.g., by the assistant 
or some other tool, to determine the original configuration of 
the graphical program. The graphical program may comprise 
one or more features, each of which may comprise a respec 
tive one or more graphical program elements. In a preferred 
embodiment, the configuration information specifies the 
graphical program at a feature level, i.e., as opposed to the 
graphical program element level. This configuration informa 
tion may be useful for Subsequent modification of the graphi 
cal program. 

0024. In various cases, the graphical program code gener 
ated by the application assistant may be a fully working 
program, or may not be a complete program. As an example, 
the application assistant may generate various graphical pro 
gram elements or nodes that, in conjunction with additional 
graphical program elements, may comprise a complete pro 
gram. However, the creation of the partial graphical program 
may make it relatively easy for the user to complete the 
graphical program. In still other cases, it may be desirable to 
programmatically generate only a graphical code portion, 
e.g., that aids the user in program development. 

0025. In one embodiment, the assistant may use scripting 
to place specified features or functionality into the graphical 
program, e.g., into one or more block diagrams. For example, 
the assistant may determine which features are necessary 
based on the user input (or program specification), and then 
may create a batch file or script (or multiple files or scripts) to 
automate the graphical program generation. Each feature 
may then be scripted or generated and placed without any 
further user interaction. In one embodiment, the script or 
Scripts may be generated based on the analysis of the user 
input. Alternatively, the scripts may have been previously 
created, where the appropriate Scripts are determined based 
on the analysis of the user input, and retrieved for execution, 
e.g., via a look-up table. Thus, in one embodiment, the user 
input may be analyzed, and one or more Scripts executed to 
generate the graphical program. 

0026. In one embodiment, generating the graphical pro 
gram may include analyzing the user input, and invoking one 
or more low level assistants to generate the graphical pro 
gram, where each of the low level application assistants 
executes a respective one or more Scripts to generate respec 
tive portions of the graphical program. In other words, the 
application assistant may include, or may operate in conjunc 
tion with, a plurality of other assistants, specifically, lower 
level assistants, where, for example, each assistant is specific 
or directed to a particular functional aspect of the application. 
Each low level assistant may assist in the Scripting or genera 
tion of graphical program code for a respective sub-domain of 
the application assistant's application domain. Thus, the vari 
ous assistants (including the application assistant) may com 
prise a hierarchy of assistants. 
0027 Finally, the graphical program may optionally be 
executed to perform the specified functionality. For example, 
in one embodiment, user input invoking execution of the 
graphical program may be received, and the graphical pro 
gram executed, in response to the invoking. As noted above, 
in one embodiment, at least a portion of the graphical pro 
gram may be targeted for execution on a programmable hard 
ware element. More generally, in various embodiments, vari 
ous portions of the graphical program may be targeted to 
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respective different targets, including, for example, comput 
ers, programmable hardware elements, such as FPGAs, 
PDAs, embedded systems, such as Smart sensors, etc., and/or 
any other type of target capable of executing graphical pro 
gram code. For example, different Scripts may be created 
specifically for generating graphical program portions or fea 
tures for execution on particular targets. Alternatively, Scripts 
may be created that are agnostic with regards to target plat 
forms, but which may be configured or specified, to generate 
graphical program features for specific targets. In other 
words, the same Script may be configured to generate graphi 
cal program code aimed at different targets. 
0028. In one embodiment, the application assistant may 
facilitate modification of a previously created block diagram 
or graphical program. For example, in one embodiment, user 
input may be received to the GUI specifying import of a 
previously created graphical program. The previously created 
graphical program may then be imported in response to the 
user input specifying the import, configuration information 
for the imported graphical program analyzed (programmati 
cally), and the GUI may display respective attributes of the 
imported graphical program based on the analyzing, and, for 
example, used to populate the graphical interface elements of 
the GUI with appropriate data. The user may then specify 
desired (new) functionality for the imported graphical pro 
gram, as described above, where the application assistant then 
generates the graphical program (i.e., the modified imported 
graphical program) based on the specified functionality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. A better understanding of the present invention can 
be obtained when the following detailed description of the 
preferred embodiment is considered in conjunction with the 
following drawings, in which: 
0030 FIG. 1A illustrates a computer system operable to 
execute a graphical program according to an embodiment of 
the present invention; 
0031 FIG. 1B illustrates a network system comprising 
two or more computer systems that may implement an 
embodiment of the present invention; 
0032 FIG. 2A illustrates an instrumentation control sys 
tem including various I/O interface options, according to one 
embodiment of the invention; 
0033 FIG. 2B illustrates an industrial automation system 
including various I/O interface options, according to one 
embodiment of the invention; 
0034 FIG. 3A is a high level block diagram of an exem 
plary system which may execute or utilize graphical pro 
grams; 

0035 FIG.3B illustrates an exemplary system which may 
perform control and/or simulation functions utilizing graphi 
cal programs; 
0.036 FIG. 4 is an exemplary block diagram of the com 
puter systems of FIGS. 1A, 1B, 2A and 2B and 3B; 
0037 FIG. 5 is a flowchart diagram of a method for pro 
grammatically generating a graphical program in a specific 
application domain, according to one embodiment; 
0038 FIG. 6 illustrates an application assistant for creat 
ing a graphical program for use in a specific application 
domain, according to one embodiment; 
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0039 FIG. 7 illustrates exemplary timing models for a 
control loop, according to one embodiment; 
0040 FIGS. 8A and 8B illustrate programmatically gen 
erated block diagrams, according to one embodiment; 
0041 FIG. 8C illustrates exemplary block diagram fea 
tures, according to one embodiment; 
0042 FIGS. 9A and 9B illustrate generation of analog 
input and analog output features in a block diagram, accord 
ing to one embodiment. 
0043. While the invention is susceptible to various modi 
fications and alternative forms specific embodiments are 
shown by way of example in the drawings and are herein 
described in detail. It should be understood however, that 
drawings and detailed description thereto are not intended to 
limit the invention to the particular form disclosed, but on the 
contrary the invention is to cover all modifications, equiva 
lents and alternative following within the spirit and scope of 
the present invention as defined by the appended claims. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

INCORPORATION BY REFERENCE 

0044) The following references are hereby incorporated 
by reference in their entirety as though fully and completely 
set forth herein. 

0045 U.S. Pat. No. 5,481,741 titled “Method and Appa 
ratus for Providing Attribute Nodes in a Graphical Data Flow 
Environment, issued on Jan. 2, 1996. 
0046 U.S. Pat. No. 6,064,812 titled “System and Method 
for Developing Automation Clients. Using a Graphical Data 
Flow Program, issued on May 16, 2000. 
0047 U.S. Pat. No. 6,102.965 titled “System and Method 
for Providing Client/Server Access to Graphical Programs.” 
issued on Aug. 15, 2000. 
0.048 U.S. patent application Ser. No. 09/136,123 titled 
“System and Method for Accessing Object Capabilities in a 
Graphical Program filed Aug. 18, 1998. 
0049 U.S. patent application Ser. No. 09/518,492 titled 
“System and Method for Programmatically Creating a 
Graphical Program’, filed Mar. 3, 2000. 
0050 U.S. patent application Ser. No. 09/595,003 titled 
“System and Method for Automatically Generating a Graphi 
cal Program to Implement a Prototype filed Jun. 13, 2000. 
0051 U.S. patent application Ser. No. 09/745,023 titled 
“System and Method for Programmatically Generating a 
Graphical Program in Response to Program Information.” 
filed Dec. 20, 2000. 
0.052 U.S. patent application Ser. No. 08/912,445 titled 
"Embedded Graphical Programming System filed on Aug. 
18, 1997, whose inventors were Jeffrey L. Kodosky, Darshan 
Shah, Samson DeKey, and Steve Rogers. 
0053 U.S. patent application Ser. No. 08/912,427 titled 
“System and Method for Converting Graphical Programs Into 
Hardware Implementations' filed on Aug. 18, 1997, whose 
inventors were Jeffrey L. Kodosky, Hugo Andrade, Brian 
Keith Odom, and Cary Paul Butler. 
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0054 U.S. patent application Ser. No. 10/177,553 titled 
“Target Device-Specific Syntax and Semantic Analysis For a 
Graphical Program filed on Jun. 21, 2002, whose inventors 
were Newton G. Petersen and Darshan K. Shah. 

Terms 

0.055 The following is a glossary of terms used in the 
present application: 

0056 Memory Medium. Any of various types of 
memory devices or storage devices. The term “memory 
medium' is intended to include an installation medium, e.g., 
a CD-ROM, floppy disks 104, or tape device; a computer 
system memory or random access memory Such as DRAM, 
DDR RAM, SRAM, EDO RAM, Rambus RAM, etc.; or a 
non-volatile memory Such as a magnetic media, e.g., a hard 
drive, or optical storage. The memory medium may comprise 
other types of memory as well, or combinations thereof. In 
addition, the memory medium may be located in a first com 
puter in which the programs are executed, or may be located 
in a second different computer which connects to the first 
computer over a network, such as the Internet. In the latter 
instance, the second computer may provide program instruc 
tions to the first computer for execution. The term “memory 
medium may include two or more memory mediums which 
may reside in different locations, e.g., in different computers 
that are connected over a network. 

0057 Carrier Medium—a memory medium as described 
above, as well as signals such as electrical, electromagnetic, 
or digital signals, conveyed via a communication medium 
Such as a bus, network and/or a wireless link. 

0.058 Programmable Hardware Element includes vari 
ous types of programmable hardware, reconfigurable hard 
ware, programmable logic, or field-programmable devices 
(FPDs), such as one or more FPGAs (Field Programmable 
Gate Arrays), or one or more PLDs (Programmable Logic 
Devices), such as one or more Simple PLDs (SPLDs) or one 
or more Complex PLDs (CPLDs), or other types of program 
mable hardware. A programmable hardware element may 
also be referred to as “reconfigurable logic”. 

0059 Medium includes one or more of a memory 
medium, carrier medium, and/or programmable hardware 
element; encompasses various types of mediums that can 
either store program instructions/data structures or can be 
configured with a hardware configuration program. 

0060 Program—the term “program' is intended to have 
the full breadth of its ordinary meaning. The term “program 
includes 1) a software program which may be stored in a 
memory and is executable by a processor or 2) a hardware 
configuration program useable for configuring a program 
mable hardware element. 

0061 Software Program—the term “software program' is 
intended to have the full breadth of its ordinary meaning, and 
includes any type of program instructions, code, Script and/or 
data, or combinations thereof, that may be stored in a memory 
medium and executed by a processor. Exemplary Software 
programs include programs written in text-based program 
ming languages, such as C, C++, Pascal, Fortran, Cobol, Java, 
assembly language, etc.; graphical programs (programs Writ 
teningraphical programming languages); assembly language 
programs; programs that have been compiled to machine 
language; Scripts; and other types of executable software. A 
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Software program may comprise two or more software pro 
grams that interoperate in Some manner. 
0062 Hardware Configuration Program—a program, e.g., 
a netlist orbit file, that can be used to program or configure a 
programmable hardware element. 
0063 Graphical Program—A program comprising a plu 
rality of interconnected nodes or icons, wherein the plurality 
of interconnected nodes or icons visually indicate function 
ality of the program. 

0064. The following provides examples of various aspects 
of graphical programs. The following examples and discus 
sion are not intended to limit the above definition of graphical 
program, but rather provide examples of what the term 
'graphical program' encompasses: 

0065. The nodes in a graphical program may be connected 
in one or more of a data flow, control flow, and/or execution 
flow format. The nodes may also be connected in a “signal 
flow” format, which is a subset of data flow. 

0066 Exemplary graphical program development envi 
ronments which may be used to create graphical programs 
include LabVIEW, DasyLab, Dial Dem and Matrixx/System 
Build from National Instruments, Simulink from the Math 
Works, VEE from Agilent, WiT from Coreco, Vision Program 
Manager from PPT Vision, Soft WIRE from Measurement 
Computing, Sanscript from Northwoods Software, Khoros 
from Khoral Research, SnapMaster from HEM Data, VisSim 
from Visual Solutions, ObjectBench by SES (Scientific and 
Engineering Software), and VisiDAQ from Advantech, 
among others. 

0067. The term “graphical program includes models or 
block diagrams created in graphical modeling environments, 
wherein the model or block diagram comprises intercon 
nected nodes or icons that visually indicate operation of the 
model or block diagram; exemplary graphical modeling envi 
ronments include Simulink, SystemBuild, VisSim, Hypersig 
nal Block Diagram, etc. 
0068 A graphical program may be represented in the 
memory of the computer system as data structures and/or 
program instructions. The graphical program, e.g., these data 
structures and/or program instructions, may be compiled or 
interpreted to produce machine language that accomplishes 
the desired method or process as shown in the graphical 
program. 

0069. Input data to a graphical program may be received 
from any of various sources. Such as from a device, unit under 
test, a process being measured or controlled, another com 
puter program, a database, or from a file. Also, a user may 
input data to a graphical program or virtual instrument using 
a graphical user interface, e.g., a front panel. 

0070 A graphical program may optionally have a GUI 
associated with the graphical program. In this case, the plu 
rality of interconnected nodes are often referred to as the 
block diagram portion of the graphical program. 

0071 Node In the context of a graphical program, an 
element that may be included in a graphical program. A node 
may have an associated icon that represents the node in the 
graphical program, as well as underlying code or data that 
implements functionality of the node. Exemplary nodes 
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include function nodes, terminal nodes, structure nodes, etc. 
Nodes may be connected together in a graphical program by 
connection icons or wires. 

0072 Data Flow Graphical Program (or Data Flow Dia 
gram)—A graphical program or diagram comprising a plu 
rality of interconnected nodes, wherein the connections 
between the nodes indicate that data produced by one node is 
used by another node. 
0.073 Graphical User Interface this term is intended to 
have the full breadth of its ordinary meaning. The term 
“Graphical User Interface” is often abbreviated to “GUI”. A 
GUI may comprise only one or more input GUI elements, 
only one or more output GUI elements, or both input and 
output GUI elements. 
0074 The following provides examples of various aspects 
of GUIs. The following examples and discussion are not 
intended to limit the ordinary meaning of GUI, but rather 
provide examples of what the term “graphical user interface” 
encompasses: 

0075 AGUI may comprise a single window having one or 
more GUI Elements, or may comprise a plurality of indi 
vidual GUI Elements (or individual windows each having one 
or more GUI Elements), wherein the individual GUI Ele 
ments or windows may optionally be tiled together. 
0.076 A GUI may be associated with a graphical program. 
In this instance, various mechanisms may be used to connect 
GUI Elements in the GUI with nodes in the graphical pro 
gram. For example, when Input Controls and Output Indica 
tors are created in the GUI, corresponding nodes (e.g., termi 
nals) may be automatically created in the graphical program 
or block diagram. Alternatively, the user can place terminal 
nodes in the block diagram which may cause the display of 
corresponding GUI Elements front panel objects in the GUI, 
either at edit time or later at run time. As another example, the 
GUI may comprise GUI Elements embedded in the block 
diagram portion of the graphical program. 
0077. Front Panel A Graphical User Interface that 
includes input controls and output indicators, and which 
enables a user to interactively control or manipulate the input 
being provided to a program, and view output of the program, 
while the program is executing. 
0078 A front panel is a type of GUI. A front panel may be 
associated with a graphical program as described above. 
0079. In an instrumentation application, the front panel 
can be analogized to the front panel of an instrument. In an 
industrial automation application the front panel can be 
analogized to the MMI (Man Machine Interface) of a device. 
The user may adjust the controls on the front panel to affect 
the input and view the output on the respective indicators. 
0080 Graphical User Interface Element—an element of a 
graphical user interface, such as for providing input or dis 
playing output. Exemplary graphical user interface elements 
comprise input controls and output indicators 
0081. Input Control—a graphical user interface element 
for providing user input to a program. Exemplary input con 
trols comprise dials, knobs, sliders, input text boxes, etc. 
0082) Output Indicator—a graphical user interface ele 
ment for displaying output from a program. Exemplary out 
put indicators include charts, graphs, gauges, output text 
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boxes, numeric displays, etc. An output indicator is some 
times referred to as an "output control'. 
0083 Computer System—any of various types of comput 
ing or processing systems, including a personal computer 
system (PC), mainframe computer system, workstation, net 
work appliance, Internet appliance, personal digital assistant 
(PDA), television system, grid computing system, or other 
device or combinations of devices. In general, the term "com 
puter system’ can be broadly defined to encompass any 
device (or combination of devices) having at least one pro 
cessor that executes instructions from a memory medium. 
0084. Measurement Device includes instruments, data 
acquisition devices, Smart sensors, and any of various types of 
devices that are operable to acquire and/or store data. A mea 
surement device may also optionally be further operable to 
analyze or process the acquired or stored data. Examples of a 
measurement device include an instrument, such as a tradi 
tional stand-alone “box” instrument, a computer-based 
instrument (instrument on a card) or external instrument, a 
data acquisition card, a device external to a computer that 
operates similarly to a data acquisition card, a Smart sensor, 
one or more DAQ or measurement cards or modules in a 
chassis, an image acquisition device. Such as an image acqui 
sition (or machine vision) card (also called a video capture 
board) or Smart camera, a motion control device, a robot 
having machine vision, and other similar types of devices. 
Exemplary 'stand-alone' instruments include oscilloscopes, 
multimeters, signal analyzers, arbitrary waveform genera 
tors, spectroscopes, and similar measurement, test, or auto 
mation instruments. 

0085. A measurement device may be further operable to 
perform control functions, e.g., in response to analysis of the 
acquired or stored data. For example, the measurement device 
may send a control signal to an external system, Such as a 
motion control system or to a sensor, in response to particular 
data. A measurement device may also be operable to perform 
automation functions, i.e., may receive and analyze data, and 
issue automation control signals in response. 
FIG. 1A Computer System 
0086 FIG. 1A illustrates a computer system 82 suitable to 
implement various embodiments of the present invention. 
More specifically, computer system 82 may execute software 
for programmatically or automatically generating at least a 
portion of a graphical program in response to user input, 
where for example, the Software implements a graphical soft 
ware tool. One embodiment of a method for receiving user 
input specifying application domain specific functionality for 
a graphical program and programmatically generating the 
graphical program that implements the specified functional 
ity is described below with reference to FIG. 6. 
0087 As shown in FIG. 1A, the computer system 82 may 
include a display device operable to display a graphical user 
interface (GUI) whereby the user may interact with the soft 
ware to specify and create graphical program code for a 
specific application domain. The display device may also be 
operable to display graphical programs as the graphical pro 
grams are created and/or executed. The display device may 
also be operable to display a graphical user interface or front 
panel of the graphical program during execution of the 
graphical program. The graphical user interface may com 
prise any type of graphical user interface, e.g., depending on 
the computing platform. 
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0088. The computer system 82 may include a memory 
medium(s) on which one or more computer programs or 
Software components according to one embodiment of the 
present invention may be stored. For example, the memory 
medium may store one or more programs, e.g., graphical 
programs, which are executable to perform the methods 
described herein. Also, the memory medium may store a 
graphical programming development environment applica 
tion used to create and/or execute such graphical programs. 
The memory medium may also store operating system soft 
ware, as well as other software for operation of the computer 
system. Various embodiments further include receiving or 
storing instructions and/or data implemented in accordance 
with the foregoing description upon a carrier medium. 

0089. The computer system 82 preferably includes or 
stores a computer program, referred to herein as an applica 
tion assistant. One embodiment of a method for programmati 
cally generating a graphical program is described below. It 
should be noted that although the application assistant is 
described herein as a standalone program, in various embodi 
ments, the application assistant may be implemented in dif 
ferent ways, including, but not limited to, a standalone tool, a 
plug-in for a graphical development environment, an inte 
grated portion of a development environment, a graphical 
application programming interface (API), and so forth. 

0090. In one embodiment, the application assistant may be 
implemented as a self-contained program or application that 
includes all necessary program logic for generating the 
graphical program. In another embodiment, the application 
assistant may comprise a client portion and a server portion 
(or client program and server program), wherein the client 
portion may request or direct the server portion to perform 
various aspects of the interface and/or generation functional 
ity. For example, the client portion may utilize an API pro 
vided by the server portion in order to generate the graphical 
program. In other words, the client portion may perform calls 
to the API provided by the server portion, and the server 
portion may execute functions or routines bound to these calls 
to generate the graphical program. In one embodiment, the 
serverportion may be an instance of a graphical programming 
development environment application. For example, the Lab 
VIEW graphical programming development environment 
application enables client programs to interface with a Lab 
VIEW server in order to programmatically generate or 
modify graphical programs. 

0091. In some embodiments, rather than generating the 
graphical program directly, the application assistant may gen 
erate one or more Scripts or Scripting components (referred to 
collectively herein as a “script'), which may then be executed 
to generate the graphical program. Thus, in one embodiment, 
the application assistant may operate as a scripting tool (or 
equivalent) that may be used to generate or create a script 
(e.g., a script or scripting component), where the script com 
prises a graphical program generation (GPG) program. 

0092. As used herein, the term “GPG program' is intended 
to include any of various implementations of a program (or 
programs) that are executable to programmatically generate a 
graphical program based on received program information. 
For example, the term “GPG program' is intended to include 
an embodiment in which the GPG program is a self-contained 
program or application (not implemented as a client/server 
program) that includes all necessary program logic for pro 
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grammatically generating a graphical program. The term 
“GPG program' is also intended to include an embodiment in 
which a combination of a client portion (or client program) 
and server portion (or server program) operate together to 
programmatically generate the graphical program. The term 
“GPG program' is also intended to include other program 
implementations. 

0093. In an embodiment in which a client program inter 
faces with a server program to generate the graphical program 
(or Scripts), the server program may execute on the same 
computer system as the client program or may execute on a 
different computer system, e.g., a different computer system 
connected via a network. For example, in FIG. 1B, the client 
program may execute on the computer system 82, and the 
server program may execute on the computer system 90. In 
this case, the graphical program, and/or script, may be created 
on the computer system 82, or 90, or on a different computer 
system. Thus, the application assistant may be distributed 
over a plurality of computers, or may be executed on a single 
computer. 

0094. It is noted that the application assistant may be 
implemented using any of various programming technologies 
or methodologies. Where the application assistant is imple 
mented as client and server programs, each of these programs 
may utilize procedure-based techniques, component-based 
techniques, and/or object-oriented techniques, among others. 
The programs may be written using any combination of text 
based or graphical programming languages. Also, the pro 
grams may be written using distributed modules or compo 
nents so that each program may reside on any combination of 
computer system 82, computer system 86, and other com 
puter systems connected to the network 84. Also, in various 
embodiments, the client program may interface with the 
server program through a proxy Software component or pro 
gram. 

FIG. 1B Computer Network 
0095 FIG. 1B illustrates a system including a first com 
puter system 82 that is coupled to a second computer system 
90. The computer system 82 may be connected through a 
network 84 (or a computer bus) to the second computer sys 
tem 90. The computer systems 82 and 90 may each be any of 
various types, as desired. The network 84 can also be any of 
various types, including a LAN (local area network), WAN 
(wide area network), the Internet, or an Intranet, among oth 
ers. The computer systems 82 and 90 may execute the appli 
cation assistant in a distributed fashion. For example, com 
puter 82 may execute a first portion of the application 
assistant and computer system 90 may execute a second por 
tion of the application assistant. As another example, com 
puter 82 may display the graphical user interface of the appli 
cation assistant and computer system 90 may execute the core 
functionality of the application assistant. 

0096. In embodiments where the application assistant 
generates a script, the Script may be executed to generate 
graphical program code in a graphical program, where, for 
example, the graphical user interface of the graphical pro 
gram may be displayed on a display device of the computer 
system 82, and the block diagram may execute on a device 
190 connected to the computer system 82. The device 190 
may include a programmable hardware element and/or may 
include a processor and memory medium which may execute 
a real time operating system. In one embodiment, the graphi 
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cal program may be downloaded and executed on the device 
190. For example, an application development environment 
with which the graphical program is associated may provide 
Support for downloading a graphical program for execution 
on the device in a real time system. 
Exemplary Systems 

0097 Embodiments of the present invention may be 
involved with performing test and/or measurement functions; 
controlling and/or modeling instrumentation or industrial 
automation hardware; modeling and simulation functions, 
e.g., modeling or simulating a device or product being devel 
oped or tested, etc. Exemplary test applications where the 
generated graphical program may be used include hardware 
in-the-loop testing and rapid control prototyping, among oth 
CS. 

0098. However, it is noted that the present invention can be 
used for a plethora of applications and is not limited to the 
above applications, but rather it is contemplated that applica 
tion assistants may be created and used for any application 
domains desired. In other words, applications discussed in the 
present description are exemplary only, and the present inven 
tion may be used in any of various types of systems. Thus, the 
system and method of the present invention is operable to be 
used in any of various types of applications, including the 
control of other types of devices such as multimedia devices, 
Video devices, audio devices, telephony devices, Internet 
devices, etc. In other embodiments, the application assistant 
may be used to generate graphical program code for general 
purpose software applications such as word processing, 
spreadsheets, network control, network monitoring, financial 
applications, games, etc. 
FIGS. 2A and 2B Instrumentation and Industrial Automa 
tion Systems 
0099 FIGS. 2A and 2B illustrate exemplary systems 
which may store or use an application assistant (optionally 
with a server program) that is operable to create a graphical 
program or a portion of a graphical program (possibly via 
Scripting). Also, these systems may execute a programmati 
cally generated graphical program. For example, the graphi 
cal program may perform an instrumentation function, Such 
as a test and measurement function or an industrial automa 
tion function. It is noted that the application assistant, the 
server program, and/or agenerated graphical program may be 
stored in or used by any of various other types of systems as 
desired and may implement any function or application as 
desired. Thus, FIGS. 2A and 2B are exemplary only. 
0100 FIG. 2A illustrates an exemplary instrumentation 
control system 100 which may implement embodiments of 
the invention. The system 100 comprises a host computer 82 
which connects to one or more instruments. The host com 
puter 82 may comprise a CPU, a display screen, memory, and 
one or more input devices such as a mouse or keyboard as 
shown. The computer 82 may operate with the one or more 
instruments to analyze, measure or control a unit under test 
(UUT) or process 150. 
0101 The one or more instruments may include a GPIB 
instrument 112 and associated GPIB interface card 122, a 
data acquisition board 114 and associated signal conditioning 
circuitry 124, a VXI instrument 116, a PXI instrument 118, a 
Video device or camera 132 and associated image acquisition 
(or machine vision) card 134, a motion control device 136 and 
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associated motion control interface card 138, and/or one or 
more computer based instrument cards 142, among other 
types of devices. The computer system may couple to and 
operate with one or more of these instruments. The instru 
ments may be coupled to a unit under test (UUT) or process 
150, or may be coupled to receive field signals, typically 
generated by transducers. The system 100 may be used in a 
data acquisition and control application, in a test and mea 
Surement application, an image processing or machine vision 
application, a process control application, a man-machine 
interface application, a simulation application, or a hardware 
in-the-loop validation application, among others. 

0102 FIG. 2B illustrates an exemplary industrial automa 
tion system 160 which may implement embodiments of the 
invention. The industrial automation system 160 is similar to 
the instrumentation or test and measurement system 100 
shown in FIG. 2A. Elements which are similar or identical to 
elements in FIG. 2A have the same reference numerals for 
convenience. The system 160 may comprise a computer 82 
which connects to one or more devices or instruments. The 
computer 82 may comprise a CPU, a display screen, memory, 
and one or more input devices such as a mouse or keyboard as 
shown. The computer 82 may operate with the one or more 
devices to a process or device 150 to perform an automation 
function, such as MMI (Man Machine Interface), SCADA 
(Supervisory Control and Data Acquisition), portable or dis 
tributed data acquisition, process control, advanced analysis, 
or other control, among others. 

0103) The one or more devices may include a data acqui 
sition board 114 and associated signal conditioning circuitry 
124, a PXI instrument 118, a video device 132 and associated 
image acquisition card 134, a motion control device 136 and 
associated motion control interface card 138, a fieldbus 
device 170 and associated fieldbus interface card 172, a PLC 
(Programmable Logic Controller) 176, a serial instrument 
182 and associated serial interface card 184, or a distributed 
data acquisition system, Such as the Fieldpoint system avail 
able from National Instruments, among other types of 
devices. 

0104. In one embodiment, the application assistant and/or 
the resulting graphical program that is programmatically gen 
erated may be designed for data acquisition/generation, 
analysis, and/or display, and for controlling or modeling 
instrumentation or industrial automation hardware. For 
example, in one embodiment, the National Instruments Lab 
VIEW graphical programming development environment 
application, which provides specialized Support for develop 
ers of instrumentation applications, may act as the server 
program. In this embodiment, the client program may be a 
Software program that receives and processes program infor 
mation and invokes functionality of the LabVIEW graphical 
programming development environment. The client program 
may also be a program involved with instrumentation or data 
acquisition. 

0105 However, as noted above, the present invention can 
be used for a plethora of applications and is not limited to 
instrumentation or industrial automation applications. In 
other words, FIGS. 2A and 2B are exemplary only, and 
graphical programs for any of various types of purposes may 
be generated by an application assistant designed for any of 
the various types of purposes, wherein the programs are 
stored in and execute on any of various types of systems. A 
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specific example of an application assistant directed at con 
trol loops, and graphical programs generated thereby are dis 
cussed below. 

0106 FIG. 3A is a high level block diagram of an exem 
plary system which may execute or utilize graphical pro 
grams. FIG.3A illustrates a general high-level block diagram 
of a generic control and/or simulation system which com 
prises a controller 92 and a plant 94. The controller 92 repre 
sents a control system/algorithm the user may be trying to 
develop. The plant 94 represents the system the user may be 
trying to control. For example, if the user is designing an ECU 
for a car, the controller 92 is the ECU and the plant 94 is the 
car's engine (and possibly other components such as trans 
mission, brakes, and so on.) As shown, a user may create a 
graphical program that specifies or implements the function 
ality of one or both of the controller 92 and the plant 94. For 
example, a control engineer may use a modeling and simula 
tion tool to create a model (graphical program) of the plant 94 
and/or to create the algorithm (graphical program) for the 
controller 92. 

0107 FIG.3B illustrates an exemplary system which may 
perform control and/or simulation functions. As shown, the 
controller 92 may be implemented by a computer system 82 
or other device (e.g., including a processor and memory 
medium and/or including a programmable hardware element) 
that executes or implements a graphical program. In a similar 
manner, the plant 94 may be implemented by a computer 
system or other device 144 (e.g., including a processor and 
memory medium and/or including a programmable hardware 
element) that executes or implements a graphical program, or 
may be implemented in or as a real physical system, e.g., a car 
engine. 

0108. In one embodiment of the invention, one or more 
graphical programs may be created which are used in per 
forming rapid control prototyping. Rapid Control Prototyp 
ing (RCP) generally refers to the process by which a user 
develops a control algorithm and quickly executes that algo 
rithm on a target controller connected to a real system. The 
user may develop the control algorithm using a graphical 
program, and the graphical program may execute on the con 
troller 92, e.g., on a computer system or other device. The 
computer system 82 may be a platform that Supports real time 
execution, e.g., a device including a processor that executes a 
real time operating system (RTOS), or a device including a 
programmable hardware element. 

0109. In one embodiment of the invention, one or more 
graphical programs may be created which are used in per 
forming Hardware in the Loop (HIL) simulation. Hardware in 
the Loop (HIL) refers to the execution of the plant model 94 
in real time to test operation of a real controller 92. For 
example, once the controller 92 has been designed, it may be 
expensive and complicated to actually test the controller 92 
thoroughly in a real plant, e.g., a real car. Thus, the plant 
model (implemented by a graphical program) is executed in 
real time to make the real controller 92"believe' or operate as 
if it is connected to a real plant, e.g., a real engine. 

0110. In the embodiments of FIGS. 2A, 2B, and 3B above, 
one or more of the various devices may couple to each other 
over a network, such as the Internet. In one embodiment, the 
user operates to select a target device from a plurality of 
possible target devices for programming or configuration 
using a graphical program. Thus the user may create a graphi 
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cal program on a computer and use (execute) the graphical 
program on that computer or deploy the graphical program to 
a target device (for remote execution on the target device) that 
is remotely located from the computer and coupled to the 
computer through a network. 

0.111 Graphical software programs which perform data 
acquisition, analysis and/or presentation, e.g., for measure 
ment, instrumentation control, industrial automation, model 
ing, or simulation, Such as in the applications shown in FIGS. 
2A and 2B, may be referred to as virtual instruments. 
FIG. 4 Computer System Block Diagram 

0112 FIG. 4 is a block diagram representing one embodi 
ment of the computer system 82 and/or 90 illustrated in FIGS. 
1A and 1B, or computer system 82 shown in FIG. 2A or 2B. 
It is noted that any type of computer system configuration or 
architecture can be used as desired, and FIG. 4 illustrates a 
representative PC embodiment. It is also noted that the com 
puter system may be a general purpose computer system, a 
computer implemented on a card installed in a chassis, or 
other types of embodiments. Elements of a computer not 
necessary to understand the present description have been 
omitted for simplicity. 

0113. The computer may include at least one central pro 
cessing unit or CPU (processor) 160 which is coupled to a 
processor or host bus 162. The CPU 160 may be any of 
various types, including an x86 processor, e.g., a Pentium 
class, a PowerPC processor, a CPU from the SPARC family of 
RISC processors, as well as others. A memory medium, typi 
cally comprising RAM and referred to as main memory, 166 
is coupled to the hostbus 162 by means of memory controller 
164. The main memory 166 may store the application assis 
tant operable to programmatically or automatically generate 
at least a portion of a graphical program, e.g., graphical code, 
in accordance with a user-specified configuration. The main 
memory may also store operating system Software, as well as 
other software for operation of the computer system. 

0114. The hostbus 162 may be coupled to an expansion or 
input/output bus 170 by means of a bus controller 168 or bus 
bridge logic. The expansion bus 170 may be the PCI (Periph 
eral Component Interconnect) expansion bus, although other 
bus types can be used. The expansion bus 170 includes slots 
for various devices such as described above. The computer 82 
further comprises a video display subsystem 180 and hard 
drive 182 coupled to the expansion bus 170. 

0.115. As shown, a device 190 may also be connected to the 
computer. The device 190 may include a processor and 
memory which may execute a real time operating system. The 
device 190 may also or instead comprise a programmable 
hardware element. The computer system may be operable to 
deploy a graphical program to the device 190 for execution of 
the graphical program on the device 190. The deployed 
graphical program may take the form of graphical program 
instructions or data structures that directly represents the 
graphical program. Alternatively, the deployed graphical pro 
gram may take the form of text code (e.g., C code) generated 
from the graphical program. As another example, the 
deployed graphical program may take the form of compiled 
code generated from either the graphical program or from text 
code that in turn was generated from the graphical program. 
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Application Assistant 

0116. In one embodiment, a tool, e.g., an application assis 
tant, may be used to specify or otherwise define the organi 
Zation of features in an application, i.e., in a graphical pro 
gram. In a preferred embodiment, an application assistant 
may be designed to build block diagrams for a specific class 
of applications, such as control loops, timer/counters, I/O. 
signal generation, etc. The creator of the assistant preferably 
has domain knowledge about the individual features and how 
they relate to one another for this class of applications. For 
example, a control loop may have independent triggers for 
input and output resources. Therefore the assistant preferably 
knows which features are defined as input resources and 
which are defined as output resources so that they may be 
placed correctly in the block diagram. In one embodiment, a 
simple assistant may provide the ability to configure timing, 
triggering, and I/O features. In more advanced embodiments, 
extensions to this basic functionality may include advanced 
I/O types, embedded processing, and inclusion of user cre 
ated features, resource allocation, processing options, inclu 
sion of external files, and target devices for the graphical 
program, among others. Further details of an example appli 
cation assistant and its use are provided below. 
FIG. 5 Programmatic Generation of an Application 
Domain Specific Graphical Program 

0117 FIG. 5 is a high-level flowchart of a method for 
programmatically generating a graphical program, where the 
graphical program functionality is specific to an application 
domain. As noted above, the method described below is pref 
erably performed by an application assistant (or equivalent) 
that includes a GUI for displaying information to a user and 
for receiving input from the user, e.g., via a plurality of fields, 
sections, or panels displayed on a computer monitor. Note 
that in various embodiments, some of the steps shown may be 
performed concurrently, in a different order than shown, or 
omitted. Additional steps may also be performed as desired. 

0118. The method of FIG. 5 is described below with 
respect to a control loop application, where, for example, a 
first portion of the application is targeted for execution on a 
programmable hardware element, such as an FPGA, and a 
second portion of the application is targeted for execution on 
a host computer system, where the first and second portions 
execute in a coordinated manner to perform the application 
domain specific functionality, e.g., the control loop. However, 
it should be noted that this is but one example of an applica 
tion assistant, and that other types of application assistants (or 
equivalent) are also contemplated for any application domain 
desired. Application domains contemplated include, but are 
not limited to, control loops, timer/counters, data acquisition, 
machine vision, and so forth. Note that the specificity of the 
various domains contemplated may vary widely, and that 
domains may also be hierarchical. For example, consider 
control. At a high level, control usually refers to maintaining 
a system at a setpoint through the use of command outputs 
and feedback inputs. An application assistant may be created 
that deals with this domain at a fairly simple and general level. 
For example, in one embodiment, the assistant may provide 
or facilitate a single timed loop, and may allow the user to 
specify the inputs to be sampled and the outputs to be driven, 
where, for example, all of the processing occurs in the host. 
This example assistant may be used for many types of control 
applications. 
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0119) However, there are many sub-domains that may 
benefit from more specific application assistants. These more 
specific application assistants (e.g., control assistants) may 
offer options that are tuned or correspond to the more narrow 
domains. For example, consider a servo motor positioning 
controller. This type of controller operates to rotate a motor in 
a controlled fashion from one position to another. The system 
typically includes forward and reverse limit switches used to 
indicate the end of travel, and implemented as digital inputs. 
Instead of just presenting generic digital I/O, the assistant 
may ask which lines are specifically to be used as limit 
switches. The feedback mechanism for the majority of servo 
motor applications is some form of quadrature encoder. 
Although the assistant may present other options for feed 
back, in some embodiments, it may offer a richer set of 
quadrature interfaces than the generic assistant might, and 
may offer the quadrature interface as the default selection. 
0120 Thus, in various embodiments, application assis 
tants may be provided for any domain or Sub-domain desired, 
including, for example, control, e.g., control loops, motion 
control, etc., timer/counters; measurement, e.g., data acqui 
sition, waveform generation, etc., data analysis, e.g., pattern 
matching, image and/or signal processing, etc., machine 
vision, hardware in the loop simulation, simulation, and 
embedded systems, among others. Note that these application 
domains and Sub-domains are meant to be exemplary only, 
and are not intended to limit the fields, domains, or Sub 
domains, to which application assistants may be directed. 
0.121. In 502, an application domain specific graphical 
user interface (GUI) may be displayed, e.g., on a display 
device. Such as a computer monitor. In other words, a graphi 
cal user interface (GUI) may be displayed for specifying 
functionality of a graphical program in an application 
domain, wherein the GUI corresponds specifically to the 
application domain. In a preferred embodiment, the GUI 
includes a plurality of graphical interface elements, e.g., con 
trols and/or indicators, operable to specify and/or indicate 
respective attributes of the graphical program. 

0.122 FIG. 6 illustrates one embodiment of such a GUI, 
where the GUI shown is specific to control loops. In other 
words, FIG. 6 illustrates one embodiment of a control assis 
tant for configuring a control application targeted for at least 
partial execution on an FPGA, although it should be noted 
that the embodiment shown is intended to be exemplary only, 
and is not intended to limit the control assistant to any par 
ticular form, appearance, or functionality. Similarly, as noted 
above, the control assistant is provided as an example appli 
cation assistant, and is not intended to limit the domains of 
application to any domain or set of domains. 
0123. As is well known to those skilled in the art, control 
applications typically wait for data to be ready, read the 
inputs, perform some processing, write the outputs, and start 
waiting again. The timing (including triggering and synchro 
nization) and I/O are typically performed in hardware, while 
the control algorithm runs in Software on a processor. In one 
embodiment, the application assistant may display, and may 
also allow the user to specify, a timing model for the appli 
cation. 

0.124. As FIG. 6 shows, at the top of the GUI is shown a 
timing model indicating timing and triggering for the appli 
cation, as well as various fields for specifying other aspects of 
the desired functionality, described in more detail below. In 
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this example, controls are provided in the timing model sec 
tion for specifying a loop trigger and an output trigger, where 
each trigger may be specified as internal, external, or soft 
ware-based. In this example, the output trigger may also be 
specified to be the loop trigger. Note that in other embodi 
ments, e.g., in other application assistants, other trigger 
options may be presented, e.g., analog or digital triggering, 
and so forth. 

0125. As FIG. 6 indicates, the timing model shown speci 
fies that an internal trigger initiates output from the previous 
iteration as well as input to the host for the current iteration. 
There are numerous common timing configurations Suitable 
for use with a control loop, a few of which are illustrated in 
FIG. 7. As FIG. 7 illustrates, each of the timing models is 
represented by a timing diagram that specifies timing and 
triggering for each iteration of the control loop. Note that in 
these diagrams, time increases from left to right, and two 
iterations of the control loop are shown. 
0126 For example, in the first (top) timing model diagram, 
an internal trigger is used to initiate output from the previous 
iteration as well as input to the host for the current iteration, as 
indicated. In other words, the two internal triggers shown are 
actually the same trigger on Successive iterations of the loop. 
Note that this timing model is the same as that of FIG. 6. In the 
second (middle) timing model diagram, an internal trigger 
initiates input to the host, while a software trigger (executing 
on the host) triggers output. In the third (bottom) timing 
model diagram, an external trigger initiates output from the 
previous iteration as well as input to the host for the current 
iteration. 

0127. As FIG. 6 also shows, in this embodiment, controls 
are provided for specifying, loading, and saving, the project 
within which the application is being developed. Controls are 
also provided for specifying analog and digital I/O resources, 
e.g., features, lines or channels (analog input, analog output, 
and digital resources sections), etc. For example, in this 
embodiment, up to 8 analog input features and up to 8 analog 
output features may be specified for inclusion in the applica 
tion. In the digital resources section, 12 banks of DIO lines 
(0-11) are provided, where each bank includes 8 lines, as well 
as a section for specifying particular lines for a given bank. As 
is well known in the art, DIO lines may be used as simple 
lines, or may be used to implement more complex DIO 
resources, such as counters, filters, etc., Such as, for example, 
event counters, quadrature encoders, and so forth. 
0128. In this particular example, a section, labeled 
“microDAQ Slots', is also provided for specifying use of 
external modules or cartridges, e.g., external I/O resources. 
For example, one or more of the DIO lines may be used to 
control selected modules, where, for example, the DIO lines 
may control a passive backplane which couples to the mod 
ules. Thus, in one embodiment, external I/O resources may 
also be incorporated into the control application functional 

0129. In this example, one portion of the control applica 
tion being configured is intended for execution on an FPGA, 
as mentioned above, while another portion of the application 
is intended for execution under a real time operating system, 
such as, for example LabVIEW RT. Thus, controls, labeled 
“Generate FPGA VI'' and “Generate RT VI, may be pro 
vided to generate each of these portions separately. Note that 
the control application being configured in this example cor 
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responds to block diagrams illustrated in FIGS. 8A and 8B, 
and described in more detail below. 

0130. In 504, user input may be received to the GUI, where 
the user input specifies the functionality of the graphical 
program. In other words, the user may provide input, e.g., via 
a pointing device, keyboard, Voice, and/or any other type of 
user interface means, to the GUI, e.g., by manipulating con 
trols, entering alphanumeric data, etc., to specify desired 
functionality or otherwise configure the application as 
desired. For example, the user input to the GUI may specify 
Such aspects of the graphical program as timing, triggering, 
analog input/output (I/O), digital I/O, resource allocation, 
mathematical algorithms and/or other processing, one or 
more target devices, and/or inclusion of one or more external 
files in the graphical program, e.g., user created Sub VIS or 
third party programs, among others. 
0131 For example, an external files option may enable the 
user to include functionality in the Scripted diagram or 
graphical program that is not included in the assistant itself. 
For example, it may not be feasible for the assistant to include 
every type of counter that could be imagined in a selection 
list. Thus, for example, the user may create a custom counter 
and access it through the assistant as an external file, e.g., in 
the form of a VI, a VHDL file, or any other means of speci 
fying functionality. 
0.132. There may also be cases where the custom function 

is not created by the user, but rather by a third party, in which 
this case the user may still include the third party function or 
file through the external files approach. Third party functions 
or files are theoretically no different than what the user could 
create himself, but may be more feasible for a customer to 
purchase rather than create in Some circumstances. 
0.133 Examples of processing options include, but are not 
limited to, inline processes, such as, for example, inline pro 
cessing of filtering, peak detection, etc., in an analog input 
stream, or higher level processing Such as the inclusion of a 
PID loop that uses multiple resources. In other words, differ 
ent types of processing may be selected by the user and 
implemented in the FPGA. 
0.134) For example, in one example of a “no processing 
case, the user may configure a control application to simply 
sample an analog input and return the data to the host. The 
control algorithm is preferably performed on the host, and the 
output data written back to the FPGA, which may then pass 
the data to an analog output. In this particular example, the 
user may decide that the returned data are too noisy, and so 
may addinline processing in the FPGA to apply to the analog 
input data, e.g., a low pass filter, so that the FPGAVI (or other 
type of program deployed to the FPGA) returns filtered data 
to the host instead of the raw data. The user may then decide 
that the control loop is too slow with the main control algo 
rithm executing on the host, and so may decide to move the 
algorithm directly into the FPGA. Once deployed to the 
FPGA, the algorithm may execute to receive the filtered ana 
log input data, perform its processing, and write to the analog 
output. Note that in various embodiments, the processing 
functions may operate on single or multiple resources, the 
resources may be of different types, and the resources them 
selves may actually be the results of processing performed on 
lower level resources. 

0.135) In a preferred embodiment, in specifying timing for 
the graphical program, the user input may specify a timing 



US 2009/0183140 A9 

model for the graphical program, where the GUI is operable 
to display a graphical representation of the timing model in 
response to the user input, as described above and illustrated 
in FIGS. 6 and 7. 

0136. In one embodiment, the GUI may be dynamic with 
respect to the user input (or with respect to input from other 
Sources). For example, in an embodiment where the user 
input to the GUI specifies one or more target devices for the 
graphical program, the plurality of graphical interface ele 
ments (comprised in and displayed by the GUI) may be deter 
mined based on the specified one or more target devices for 
the graphical program, where the plurality of graphical inter 
face elements correspond to respective attributes of the 
graphical program appropriate to the one or more target 
devices. In other words, if the specified target device (or 
devices) has no digital resources, i.e., no digital lines, then the 
GUI may not include graphical interface elements for speci 
fying digital resources. 
0137 In another embodiment, once the user has specified 
the functionality of the graphical program, the application 
assistant may determine one or more Suitable target devices 
for the graphical program based on the specified functional 
ity, and the GUI may indicate the one or more suitable target 
devices, e.g., via a list box or other means. User input may 
then be received selecting at least a subset of the one or more 
suitable target devices for deployment and execution of the 
graphical program. In other words, the assistant may be oper 
able to restrict the possible target devices presented to the user 
to those capable of Supporting the specified functionality. 
Thus, if digital resources are specified by the user, the GUI 
preferably presents target devices for selection that include 
Such digital resources. 
0138. As also described above, in one embodiment, at 
least a portion of the graphical program is targeted for execu 
tion on a programmable hardware element. In one embodi 
ment, the GUI may able operable to display an estimated 
utilization of the programmable hardware element by the 
graphical program. For example, in one embodiment, as the 
user specifies the various options, e.g., the analog/digital I/O 
resources, etc., the assistant may estimate the utilization of 
the FPGA for this specific application and may display this 
information, e.g., via an indicator. Such as a bar or “thermom 
eter indicator, shown in FIG. 6, and labeled “Estimated 
Utilization'. This immediate feedback may help the user 
make better decisions about resource allocations and selec 
tions without waiting for a long compile step. 
0.139. Then, in 506, the graphical program may be pro 
grammatically or automatically generated in response to the 
user input. The graphical program comprises a plurality of 
interconnected graphical program nodes that visually repre 
sents the functionality of the graphical program, and is 
executable to perform the specified functionality. 
0140. Following the control example of FIG. 6, in one 
embodiment, the assistant may generate both the FPGA dia 
gram intended for the hardware and the RT diagram targeting 
the processor. As noted above, in the bottom right portion of 
the GUI are controls for specifying the target platform for the 
generated application or VI, i.e., an FPGA or a real time OS 
(e.g., LabVIEW RT), running on the host computer. Thus, in 
a preferred embodiment, the GUI may be further operable to 
receive user input specifying deployment of the graphical 
program to one or more target devices, and the application 
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assistant may deploy the graphical program to the one or more 
target devices in response to receiving the user input specify 
ing the deployment of the graphical program. This feature 
may substantially speed development for the user, who can 
presumably then focus attention and effort on the algorithms 
of the application, rather than low-level logistics Such as data 
transfer and synchronization. In one embodiment, the GUI 
may be further operable to display the generated graphical 
program, an example of which is described below with ref 
erence to FIGS. 8A and 8B. In a further embodiment, the GUI 
may be further operable to receive user input invoking execu 
tion of the graphical program, and the graphical program 
executed on the one or more target devices in response to the 
invoking. 

0.141. As noted above, in this example control application, 
the generated graphical program is a distributed graphical 
program comprising a first portion and a second portion, 
where the first portion is targeted for execution on a first 
device, and wherein the second portion is targeted for execu 
tion on a second device, and where the first portion and the 
second portion are respectively executable on the first device 
and the second device to perform the specified functionality 
in a cooperative manner. 

0142. As described above, a graphical program preferably 
includes a block diagram comprising a plurality of intercon 
nected graphical program elements, e.g., nodes or icons. 
FIGS. 8A and 8B illustrate example graphical programs 
designed to operate in conjunction as a control application, 
which typically waits for data to be ready, reads the inputs, 
performs some processing, writes the outputs, and starts wait 
ing again. The timing and I/O are typically performed in 
hardware, executing on a programmable hardware element 
(e.g., an FPGA), while the control algorithm executes in 
Software on a processor (e.g., computer system 82). Thus, 
FIG. 8A illustrates the first portion of the graphical program, 
targeted for deployment and execution on a programmable 
hardware element, e.g., an FPGA, and FIG. 8B illustrates the 
second portion of the graphical program, targeted for deploy 
ment and execution on a host computer system. 

0.143 As mentioned above, the FPGA block diagram 
(FIG. 8A) defines the behavior of the hardware. According to 
the specified timing model, the block diagram should include 
a timer to control how often the I/O is sampled, the actual I/O 
functionality, and a notification mechanism (an interrupt in 
this case) to tell the software that data are ready. Note that in 
the embodiment of FIG. 6, the GUI is operable to display an 
estimated utilization of the programmable hardware element 
by the first portion of the graphical program, e.g., by the block 
diagram of FIG. 8A. 

0144. In this example, the FPGA is assumed to be con 
nected to fixed I/O resources, such as analog inputs, analog 
outputs, and digital inputs and outputs. A "personality” may 
be loaded into the FPGA to define the overall behavior of the 
board. This personality may be created using a development 
environment, such as LabVIEWFPGA, which creates a hard 
ware implementation of a graphical program, e.g., of a Lab 
VIEW diagram. Thus, the LabVIEW FPGA diagram prefer 
ably defines the behavior of the hardware. As shown, the 
example diagram of FIG. 8A includes a timer to control how 
often the I/O is sampled, the actual I/O (analog input (AI) and 
analog output (AO)), and a notification mechanism (an inter 
rupt in this case) to tell the software that data are ready. As 
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FIG. 8A also shows, a timing or sequence structure encloses 
these elements and ensures that their respective functions are 
performed in an appropriate sequence. Note that the timing 
structure includes three frames within which features, i.e., 
graphical program elements implementing the features, may 
be executed in an ordered sequence. 

0145 As noted above, FIG. 8B is an example block dia 
gram, in this case, a LabVIEW RT diagram, targeted for 
execution by a processor. This diagram defines the behavior 
of the software, downloading the FPGA personality (the dia 
gram of FIG. 8A) to the FPGA board, setting the timer to the 
desired loop rate, and starting the LabVIEW FPGA diagram 
running. AS FIG. 8B also shows, the diagram then waits in a 
loop for data to be ready, reads the inputs, writes the outputs, 
and then starts waiting again. Graphical program elements 
implementing any algorithm to be performed on the data may 
be placed between the AI and AO elements (VIs) in the 
diagram. 

0146 Each of the block diagrams shown includes various 
graphical program features providing respective functional 
ities for the block diagrams. Each of these features, also 
referred to as feature templates, typically includes one or 
more graphical program elements. FIG. 8C illustrates the 
graphical program features used in the block diagram of FIG. 
8A, specifically, a timing structure, analog input, analog out 
put, a timer, and an interrupt. Note that a feature may include 
a plurality of graphical program elements. For example, the 
analog input feature shown includes an analog input node 
(labeled AI, with a waveform and arrow icon), an input 
icon, e.g., a constant indicating a device or channel/line, and 
an output icon or terminal (I16—a sixteen bit integer), e.g., 
for providing output to an indicator. Thus, the generation of 
the graphical program may be performed in terms of program 
features, rather than at the level of individual graphical pro 
gram elements. Note that the features shown are meant to be 
exemplary only, and are not intended to limit features to any 
particular set of forms or functionalities, but rather, contem 
plated features may include any definable functionality that 
can be represented or implemented in a graphical program. 
Thus, a graphical program may include a plurality of defined 
features. Conversely, a user may construct a graphical pro 
gram from a set of graphical program features, described 
below. 

0147 In various embodiments, the graphical program 
code may be generated using any of various methods or 
techniques. For example, in one embodiment, the application 
assistant may analyze the inputs provided by the user in 504 
and determine appropriate graphical program elements cor 
responding to the specified functionality, and may configure 
the determined graphical program elements accordingly, 
including setting values of one or more parameters and inter 
connecting (“wiring) the graphical program elements to 
implement the correct input/output relationships between 
them. 

0.148. In other embodiments, in generating the graphical 
program, the application assistant may generate one or more 
intermediate structures, e.g., data structures or files. For 
example, the application assistant may analyze the user input 
(of 504), generate one or more data structures based on the 
analysis, and generate the graphical program based on the one 
or more data structures. As another example, the application 
assistant may generate a program specification based on the 
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user input, then parse and analyze the program specification, 
and generate the graphical program based on the analysis. 
0.149 More generally, generating the graphical program 
may comprise generating one or more files defining or 
describing the graphical program code. For example, the pro 
gram files may specify information Such as a set of nodes that 
the graphical program uses, interconnections among these 
nodes, programmatic structures Such as loops, etc. In other 
cases, the program files may store various data structures, 
e.g., in binary form, which the graphical programming envi 
ronment uses to directly represent the graphical program. 
Thus, in programmatically generating the graphical program 
code, the application assistant may programmatically gener 
ate one or more files representing the graphical program, 
where, for example, these files may be structured or formatted 
appropriately for a particular graphical programming envi 
rOnment. 

0150. In one embodiment, configuration information for 
the graphical program may be stored. The configuration 
information may be comprised in one or more of the interme 
diate structures described above, or may be generated based 
on the graphical program. In one embodiment, the configu 
ration information may be stored in a configuration file; how 
ever, this may require that the configuration file be kept with, 
or otherwise maintained with, the graphical program. Thus, in 
a preferred embodiment, the configuration information may 
be stored in the graphical program. For example, the graphi 
cal program may be tagged with the configuration informa 
tion. Then, at Some later date, the graphical program tags may 
be analyzed, e.g., by the assistant or some other tool, to 
determine the original configuration of the graphical pro 
gram. 

0151. As noted above, in one embodiment, the graphical 
program may comprise one or more features, each of which 
may comprise a respective one or more graphical program 
elements. In a preferred embodiment, the configuration infor 
mation specifies the graphical program at a feature level, i.e., 
as opposed to the graphical program element level. This con 
figuration information may be useful for Subsequent modifi 
cation of the graphical program, described below. 
0152. In various cases, the graphical program code gener 
ated by the application assistant may be a fully working 
program. Thus, the user may load the generated graphical 
program into the graphical programming environment, 
execute the program, etc. In other cases, the generated graphi 
cal program code may not be a complete program. As an 
example, the application assistant may generate various 
graphical program elements or nodes that, in conjunction 
with additional graphical program elements, may comprise a 
complete program. However, the creation of the partial 
graphical program may make it relatively easy for the user to 
complete the graphical program. In still other cases, it may be 
desirable to programmatically generate only a graphical code 
portion, e.g., that aids the user in program development. 

0153. In one embodiment, the assistant may use scripting 
to place specified features or functionality into the graphical 
program, e.g., into one or more block diagrams. For example, 
the assistant may determine which features are necessary 
based on the user input (or program specification), and then 
may create a batch file or script (or multiple files or scripts) to 
automate the graphical program generation. Each feature 
may then be scripted or generated and placed without any 
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further user interaction. In one embodiment, the script or 
Scripts may be generated based on the analysis of the user 
input. Alternatively, the scripts may have been previously 
created, where the appropriate Scripts are determined based 
on the analysis of the user input, and retrieved for execution, 
e.g., via a look-up table. Thus, in one embodiment, the user 
input may be analyzed, and one or more Scripts executed to 
generate the graphical program. 

0154 FIGS.9A and 9B illustrate generation or scripting of 
program features, specifically, analog input and analog output 
features in a timing feature, into a block diagram of a graphi 
cal program, according to one embodiment. AS FIG. 9A 
shows, starting with a blank block diagram (top diagram), an 
AI Script or script portion may be created or configured to 
generate two instances of an AI feature in a timing feature, 
and may execute to generate the two AI feature instances in 
the timing structure as configured by the user, here shown in 
the middle frame of the timing structure (bottom diagram). 

0155 FIG.9B illustrates placement of AO features in the 
block diagram of FIG.9A. As FIG.9B shows, in this example, 
an AO Script has been created or configured to generate two 
instances of an AO feature in a timing feature. However, as the 
bottom diagram of FIG.9B shows, rather than generating the 
two AO features in a nested (second) timing feature, the script 
recognizes that a timing feature of the specified type has 
already been included in the block diagram, and so generates 
the two AO features in the previously generated timing fea 
ture. Thus, in one embodiment, the script (and/or the appli 
cation assistant) may execute to generate graphical program 
features in a context sensitive manner. 

0156. In one embodiment, generating the graphical pro 
gram may include analyzing the user input, and invoking one 
or more low level assistants to generate the graphical pro 
gram, where each of the low level application assistants 
executes a respective one or more scripts to generate respec 
tive portions of the graphical program. In other words, the 
application assistant may include, or may operate in conjunc 
tion with, a plurality of other assistants, specifically, lower 
level assistants, where, for example, each assistant is specific 
or directed to a particular functional aspect of the application. 
Said another way, each low level assistant may assist in the 
Scripting or generation of graphical program code for a 
respective Sub-domain of the application assistant's applica 
tion domain. Thus, the various assistants (including the appli 
cation assistant) may comprise a hierarchy of assistants. As 
one example of Such a hierarchy, a counter/timer application 
assistant may include or operate in conjunction with, Such 
low level assistants as an event counter assistant, a quadrature 
encoding assistant, and a period measurement assistant, 
among others. Note that these low level assistants are meant 
to be exemplary only, and are not intended to limit the appli 
cation assistant or low level assistants to any particular form, 
function, or organization. 
0157 Referring back to the control application example, 
in one embodiment, the generation of the two LabVIEW 
diagrams (FPGA and RT of FIGS. 8A and 8B, respectively) 
may be performed in four steps. First the assistant may gen 
erate the FPGA diagram, e.g., using the graphical program 
features or scripts. The assistant may then generate the RT 
diagram using the appropriate (presumably different) graphi 
cal program features or Scripts, but with generic host interface 
VIs or front panels. In one embodiment, a host interface 
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utility may be provided and used to generate specific host 
interface VIs or front panels for the FPGA diagram, and 
another utility may re-link them in the RT diagram. 
0158. The resulting FPGA and RT diagrams (see FIGS. 
8A and 8B, described above) may thus explicitly represent the 
division of the application into hardware and Software targets. 
In another embodiment, the assistant may generate a single 
system level diagram that represents the overall application. 
This single diagram may be simpler to understand than the 
explicitly divided diagrams for several reasons. The complete 
application may be viewed in one diagram instead of spread 
across two. The explicit communication methods (and corre 
sponding VIS) may be implicit in the single diagram, further 
simplifying the actual diagram. In one embodiment, an addi 
tional tool may generate the two low level diagrams from the 
system diagram, either automatically or with guidance from 
the user. Note that the two low level diagrams (FPGA and RT) 
are what actually get deployed in the application. 
0159 Finally, as indicated in 508, the graphical program 
may optionally be executed to perform the specified function 
ality. For example, in one embodiment, user input invoking 
execution of the graphical program may be received, and the 
graphical program executed, in response to the invoking. As 
noted above, in one embodiment, at least a portion of the 
graphical program may be targeted for execution on a pro 
grammable hardware element. More generally, in various 
embodiments, various portions of the graphical program may 
be targeted to respective different targets, including, for 
example, computers, such as computer system 82, program 
mable hardware elements, such as FPGAs, PDAs, embedded 
systems, such as Smart sensors, etc., and/or any other type of 
target capable of executing graphical program code. For 
example, different scripts may be created specifically for 
generating graphical program portions or features for execu 
tion on particular targets. Alternatively, scripts may be cre 
ated that are agnostic with regards to target platforms, but 
which may be configured or specified, to generate graphical 
program features for specific targets. In other words, the same 
Script may be configured to generate graphical program code 
aimed at different targets. 
0.160 In various embodiments, the application assistant 
may be operable to generate any of various types of graphical 
programs. For example, a generated graphical program may 
be targeted toward a particular graphical programming devel 
opment environment application, e.g., to utilize proprietary 
features or to create files that are formatted in a manner 
expected by the graphical programming development envi 
ronment. Examples of graphical programming development 
environments include LabVIEW, BridgeVIEW, DasyLab, 
and DiaDem from National Instruments, VEE from Hewlett 
Packard, Simulink from The MathWorks, Softwire from 
Measurement Computing, Inc., Sanscript from Northwoods 
Software, WiT from Coreco, and Vision Program Manager 
from PPT Vision, among others. 
0.161 In one embodiment, the application assistant may 
facilitate modification of a previously created block diagram 
or graphical program. For example, in one embodiment, user 
input may be received to the GUI specifying import of a 
previously created graphical program. The previously created 
graphical program may then be imported in response to the 
user input specifying the import. 
0162. In one embodiment, configuration information for 
the imported graphical program may be analyzed (program 



US 2009/0183140 A9 Jul. 16, 2009 
15 

matically), and the GUI may display respective attributes of 3. The carrier medium of claim 2, wherein, in specifying 
the imported graphical program based on the analyzing. In 
other words, the configuration information may be analyzed 
and used to populate the graphical interface elements of the 
GUI with appropriate data. In one embodiment, receiving 
user input to the GUI specifying the functionality of the 
graphical program (of step 504 above) may include receiving 
user input to at least a Subset of the graphical interface ele 
ments modifying respective attributes of the imported graphi 
cal program, where the graphical program comprises the 
imported graphical program. In other words, the user may 
then specify desired (new) functionality for the imported 
graphical program, as described above, where the application 
assistant then generates the graphical program (i.e., the modi 
fied imported graphical program) based on the specified func 
tionality. 
0163 Thus, an application assistant may provide signifi 
cant capabilities to the user, allowing the user to specify 
functionality of application domain specific graphical pro 
grams. Such as timing, triggering, and I/O features for appli 
cations. As noted above, other application assistants may 
facilitate configuration or specification of different and/or 
additional features. 

0164. Although the system and method of the present 
invention has been described in connection with the preferred 
embodiment, it is not intended to be limited to the specific 
form set forth herein, but on the contrary, it is intended to 
cover Such alternatives, modifications, and equivalents, as 
can be reasonably included within the spirit and scope of the 
invention as defined by the appended claims. 
We claim: 

1. A carrier medium that stores program instructions for 
creating a graphical program, wherein the program instruc 
tions are executable by a processor to perform: 

displaying a graphical user interface (GUI) for specifying 
functionality of a graphical program in an application 
domain, wherein the GUI corresponds specifically to the 
application domain; 

receiving user input to the GUI specifying the functionality 
of the graphical program; and 

generating the graphical program in response to the user 
input, wherein the graphical program is executable to 
perform the specified functionality, wherein the graphi 
cal program comprises a plurality of interconnected 
graphical program nodes that visually represents the 
functionality of the graphical program. 

2. The carrier medium of claim 1, wherein the user input to 
the GUI specifies one or more of: 

timing for the graphical program; 
triggering for the graphical program; 
analog input/output (I/O) for the graphical program; 
digital I/O for the graphical program; 
resource allocation for the graphical program; 
processing options for execution of the graphical program; 

inclusion of one or more external files in the graphical 
program; and 

one or more target devices for the graphical program. 

timing for the graphical program, the user input specifies a 
timing model for the graphical program, and wherein the GUI 
is operable to display a graphical representation of the timing 
model in response to the user input. 

4. The carrier medium of claim 1, wherein the GUI com 
prises a plurality of graphical interface elements operable to 
indicate and/or specify respective attributes of the graphical 
program. 

5. The carrier medium of claim 4, wherein the user input to 
the GUI specifies one or more target devices for the graphical 
program, and wherein the program instructions are further 
executable to perform: 

determining the plurality of graphical interface elements 
based on the specified one or more target devices for the 
graphical program, wherein the plurality of graphical 
interface elements correspond to respective attributes of 
the graphical program appropriate to the one or more 
target devices. 

6. The carrier medium of claim 4, wherein the program 
instructions are further executable to perform: 

determining one or more suitable target devices for the 
graphical program based on the specified functionality; 

the GUI indicating the one or more suitable target devices: 
and 

receiving user input selecting at least a Subset of the one or 
more Suitable target devices for deployment and execu 
tion of the graphical program. 

7. The carrier medium of claim 1, wherein the program 
instructions are further executable to perform: 

storing configuration information for the graphical pro 
gram in one or more of 
a configuration file; and 
the graphical program. 

8. The carrier medium of claim 7, 
wherein the graphical program comprises one or more 

features, wherein each of the one or more features com 
prises a respective one or more graphical program ele 
ments; and 

wherein the configuration information specifies the graphi 
cal program at a feature level. 

9. The carrier medium of claim 1, wherein the program 
instructions are further executable to perform: 

receiving user input to the GUI specifying import of a 
previously created graphical program; and 

importing the previously created graphical program in 
response to the user input specifying the import. 

10. The carrier medium of claim 9, wherein the program 
instructions are further executable to perform: 

analyzing configuration information for the imported 
graphical program; and 

the GUI displaying respective attributes of the imported 
graphical program based on said analyzing configura 
tion information; 

wherein said receiving user input to the GUI specifying the 
functionality of the graphical program comprises receiv 
ing user input to at least a Subset of the graphical inter 



US 2009/0183140 A9 

face elements modifying respective attributes of the 
imported graphical program; and 

wherein said generating comprises modifying the 
imported graphical program based on the received user 
input, and wherein the graphical program comprises the 
modified imported graphical program. 

11. The carrier medium of claim 1, wherein the application 
domain comprises one or more of: 

control loops; 
timer/counters; 
control; 

motion control; 
measurement; 

data acquisition; 
waveform generation; 
pattern matching: 
data analysis; 
image processing: 
signal processing: 

machine vision; 
hardware in the loop simulation; 
simulation; and 
embedded systems. 
12. The carrier medium of claim 1, wherein said generating 

the graphical program comprises: 
analyzing the user input; and 
executing one or more scripts to generate the graphical 

program based on the analysis. 
13. The carrier medium of claim 12, wherein said generat 

ing the graphical program comprises: 
analyzing the user input; and 
invoking one or more low level assistants to generate the 

graphical program, wherein each of the low level appli 
cation assistants executes a respective one or more 
Scripts to generate respective portions of the graphical 
program. 

14. The carrier medium of claim 12, wherein said generat 
ing the graphical program further comprises: 

generating the one or more scripts based on the analysis. 
15. The carrier medium of claim 1, wherein said generating 

the graphical program further comprises: 
analyzing the user input; 
generating one or more data structures based on the analy 

sis; and 

generating the graphical program based on the one or more 
data structures. 

16. The carrier medium of claim 1, wherein at least a 
portion of the graphical program is targeted for execution on 
a programmable hardware element, and wherein the GUI is 
operable to display an estimated utilization of the program 
mable hardware element by the graphical program. 
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17. The carrier medium of claim 1, 
wherein the graphical program is a distributed graphical 

program comprising a first portion and a second portion, 
wherein the first portion is targeted for execution on a 
first device, and wherein the second portion is targeted 
for execution on a second device; and 

wherein the first portion and the second portion are respec 
tively executable on the first device and the second 
device to perform the specified functionality in a coop 
erative manner. 

18. The carrier medium of claim 17, wherein the first 
device comprises a programmable hardware element, and 
wherein the second device comprises a host computer system. 

19. The carrier medium of claim 18, wherein the GUI is 
operable to display an estimated utilization of the program 
mable hardware element by the first portion of the graphical 
program. 

20. The carrier medium of claim 1, wherein the GUI is 
further operable to perform: 

displaying the graphical program. 
21. The carrier medium of claim 1, 
wherein the GUI is further operable to perform: 

receiving user input specifying deployment of the 
graphical program to one or more target devices; and 

wherein the program instructions are further executable to 
perform: 
deploying the graphical program to the one or more 

target devices in response to said receiving user input 
specifying deployment of the graphical program. 

22. The carrier medium of claim 21, wherein the GUI is 
further operable to perform: 

receiving user input invoking execution of the graphical 
program; and 

executing the graphical program on the one or more target 
devices in response to said invoking. 

23. A computer-implemented method for creating a graphi 
cal program, the method comprising: 

displaying a graphical user interface (GUI) for specifying 
functionality of a graphical program in an application 
domain, wherein the GUI corresponds specifically to the 
application domain; 

receiving user input to the GUI, wherein the user input 
specifies the functionality of the graphical program; and 

generating the graphical program in response to the user 
input, wherein the graphical program is executable to 
perform the specified functionality, wherein the graphi 
cal program comprises a plurality of interconnected 
graphical program nodes that visually represents the 
functionality of the graphical program. 

24. A system for creating a graphical program, the system 
comprising: 

a processor; 

a memory, coupled to the processor, 
a display device, coupled to the processor and the memory; 

and 

an input, coupled to the processor and the memory; 
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wherein the memory stores program instructions which are 
executable by the processor to: 
display a graphical user interface (GUL) on the display 

device for specifying functionality of a graphical pro 
gram in an application domain, wherein the GUI cor 
responds specifically to the application domain; 

wherein the input is operable to: 
receive user input to the GUI, wherein the user input 

specifies the functionality of the graphical program; 
and 

wherein the program instructions are further executable by 
the processor to perform: 
generating the graphical program in response to the user 

input, wherein the graphical program is executable to 
perform the specified functionality, wherein the 
graphical program comprises a plurality of intercon 
nected graphical program nodes that visually repre 
sents the functionality of the graphical program. 
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25. A system for creating a graphical program, the system 
comprising: 

means for displaying a graphical user interface (GUI) for 
specifying functionality of a graphical program in an 
application domain, wherein the GUI corresponds spe 
cifically to the application domain; 

means for receiving user input to the GUI, wherein the user 
input specifies the functionality of the graphical pro 
gram; and 

means for generating the graphical program in response to 
the user input, wherein the graphical program is execut 
able to perform the specified functionality, wherein the 
graphical program comprises a plurality of intercon 
nected graphical program nodes that visually represents 
the functionality of the graphical program. 

c c c c c 


