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ASYNCHRONOUS WIRES FOR GRAPHICAL 
PROGRAMMING 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of graphical 
programming, and more particularly to a system and method 
for asynchronous communication in a graphical program. 

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 machine language 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 e?iciently 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 pro?cient in techniques for program 
ming a computer system in a text-based environment to 
implement his solution, the ef?ciency 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. US. Pat. Nos. 4,901,221; 
4,914,568; 5,291,587; 5,301,301; and 5,301,336; among oth 
ers, to Kodosky et al 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 
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 
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ality, and then connecting the nodes together to create the 
program. The nodes or icons may be connected by lines, 
referred to as “Wires”, representing data How betWeen the 
nodes, control How, or execution ?oW. Thus the block dia 
gram may include a plurality of interconnected icons such 
that the diagram created graphically displays a procedure or 
method for accomplishing a certain result, such as manipu 
lating one or more input variables and/or producing one or 
more output variables. In response to the user constructing a 
diagram or graphical program using the block diagram editor, 
data structures and/ or program instructions may be automati 
cally 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, in creating a graphical 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. Graphical programs may be 
referred to herein as “virtual instruments” (V Is), and nodes 
that represent graphical programs or graphical subroutines 
may be referred to as sub-VIs. 

[0009] HoWever, in data How based graphical programs, the 
Wires used to communicate betWeen graphical program nodes 
(Which may themselves be or represent graphical programs) 
are subject to data How rules or protocols. For example, in 
graphical programs that are data How diagrams, a node Will 
not execute or “?re” until all data inputs to the node are 
present, and thus communication betWeen nodes via current 
data How Wires is constrained to be synchronous, Which may 
limit the functionality and execution of graphical programs, 
especially those that include multiple (substantially) concur 
rently executing portions, e.g., nodes, VIs, sub-VIs, or other 
graphical program elements or constructs, Which may be 
referred to herein generally as nodes. In some prior art 
approaches to asynchronous communication betWeen nodes, 
variables, such as local or global variables, or queues, may be 
used to pass data back and forth betWeen the nodes. For 
example, applications that include communicating concur 
rent loops typically require queues or global variables to 
transfer data betWeen the loops. HoWever, there is currently 
no graphical Way of depicting this connection, and moreover, 
it is not very convenient to construct. For example, using 
global variables only provides the name association, and 
using built-in queues involves a non-intuitive construction 
Where the queue is allocated at the top level diagram and the 
reference is passed doWn both to the Writer and to the reader. 
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[0010] FIG. 1 illustrates communication between tWo 
While loops 102 and 104 via a shared variable, Where, as may 
be seen, a random number is generated by a ?rst node 103 
represented by an icon of a pair of dice and contained in the 
top While loop 102, and placed in or Written to a numeric 
variable, labeled “numeric”. The numeric variable is then 
accessed or read by a second node 105, in this case, an add 
node (a triangle node labeled “+1”, contained in the bottom 
While loop 104), and the value incremented by l, and the 
result displayed (as a double). 
[0011] As may be seen, there is no explicit indication of the 
variable-based means for communicating betWeen the While 
loops, and so, for program nodes, elements, etc., that are not 
placed near one another, it may not be clear that such com 
munication is occurring or accommodated, possibly leading 
to confusion, and/or programming or operational errors. 
[0012] Thus, improved means for asynchronous communi 
cations betWeen graphical program nodes are desired. 

SUMMARY OF THE INVENTION 

[0013] Various embodiments of a system and method for 
enabling asynchronous communications in a graphical pro 
gram are described. A ?rst node and a second node may be 
displayed in a graphical program, Where the graphical pro 
gram includes a plurality of interconnected nodes that visu 
ally indicate functionality of the graphical program. Each of 
the ?rst and second nodes preferably has a respective func 
tionality, and includes a respective terminal. In other Words, 
each node may include a terminal for connecting or Wiring the 
node to another graphical program element, such as another 
node, for sending and/or receiving data to and/or from the 
other node. The graphical program may implement a mea 
surement function that is desired to be performed, e.g., by one 
or more instruments. In other embodiments, the graphical 
program may implement other types of functions, e.g., con 
trol, automation, simulation, and so forth, as desired. 
[0014] An asynchronous Wire may be included in the 
graphical program, Where the asynchronous Wire connects 
the ?rst node and the second node via their respective termi 
nals. In other Words, a ?rst end of the asynchronous Wire may 
be connected to the terminal of the ?rst node, and a second 
end of the asynchronous Wire may be connected to the termi 
nal of the second node. For example, in one embodiment, the 
nodes may be speci?ed or intended respectively as source and 
sink nodes With respect to communicationbetWeen the nodes. 
HoWever, it should be noted that in other embodiments, the 
asynchronous Wire may facilitate or implement tWo-Way 
communication betWeen the nodes, i.e., from the ?rst node to 
the second and from the second node to the ?rst. 
[0015] The asynchronous Wire may be con?gured for asyn 
chronous communication betWeen the ?rst and second nodes. 
For example, various attributes of the asynchronous Wire may 
be con?gured or set to facilitate asynchronous communica 
tion betWeen the ?rst node and the second node. In one 
embodiment, these attributes may include one or more of: a 
data structure type included in or used by the Wire, e. g., a ?rst 
in ?rst out (FIFO) queue; a buffer siZe for the asynchronous 
Wire; read policy, e.g., block reads if the buffer is empty or 
uninitialiZed, remove the element upon a read from the buffer 
(e.g., destructive/non-destructive reads), read chunk siZe, 
etc.; Write policy, e.g., block all Writes to the buffer if the 
buffer is full, overWrite if the buffer is full or alWays, Write 
chunk siZe, etc.; initial value on the Wire; directionality of the 
asynchronous Wire; and semantics of Wire splits, i.e., hoW 
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branching of the Wire may affect communications using the 
Wire, among others. Note that the various policies speci?ed 
for use of the asynchronous Wire may accommodate various 
models of computation (MoC) for the graphical program, 
including, for example, Kahn Process NetWorks (PN) and 
Communicating Sequential Processes (CSP), among others. 
[0016] In some embodiments, the asynchronous Wire may 
have a default con?guration, i.e., one or more of the attributes 
may be preset With default values. Thus, the con?guration of 
the asynchronous Wire (at least With respect to the default 
valued attributes) may effectively occur When the Wire is 
included in the block diagram of the graphical program. Of 
course, even Were some or all of the attributes to have default 
values, subsequent con?guration of the asynchronous Wire, 
e.g., by the user or by another process, may overWrite these 
default values With neW values. In other Words, con?guring 
the asynchronous Wire may include overWriting at least one of 
the default values for the one or more attributes of the asyn 
chronous Wire With a respective at least one neW value. 

[0017] In one embodiment, a user may be able to con?gure 
a terminal on a node to be “asynchronous”, after Which Wires 
connected to this terminal may have asynchronous behavior. 
In other Words, connecting a Wire to an asynchronous termi 
nal may automatically invoke creation or instantiation of an 
asynchronous Wire, e.g., via conversion of a normal “syn 
chronous” Wire to the asynchronous Wire, or replacement of 
the normal Wire With the asynchronous Wire. Users may then 
click on the asynchronous Wire and con?gure its run-time 
behavior, such as the siZe of the queue and the read/Write 
policies (blocking/non-blocking, destructive/non-destructive 
reads), as described above. In other Words, once a terminal of 
a node is con?gured to be asynchronous, any Wire connected 
to that terminal may automatically be con?gured as an asyn 
chronous Wire. 

[0018] In one embodiment, the asynchronous Wire and/or 
the terminal(s) may be con?gured via invocation of a graphi 
cal user interface (GUI), e.g., one or more dialogs, menus, 
property pages, attribute nodes, etc., e.g., by the user right 
clicking on the asynchronous Wire or terminal. The user may 
then select or input values for various attributes of the asyn 
chronous Wire or terminal. Alternatively, or additionally, the 
asynchronous Wire and/or the terminal(s) may be con?gured 
via input from another process, such as a graphical program 
generation program or WiZard. For example, in the case of a 
WiZard, the user may provide input to various panels or dia 
logs specifying the attributes. Thus, in various embodiments, 
con?guration information for the asynchronous Wire and/or 
the node terminals may be provided by a use via a GUI, and/ or 
programmatically by another process, e.g., another program. 
[0019] The graphical program may then be executed. In 
preferred embodiments, executing the graphical program 
includes executing the ?rst and second nodes, Where the ?rst 
and second nodes communicate asynchronously during the 
execution of the ?rst and second nodes. 

[0020] Thus, the asynchronous Wire may alloW users to 
create a static connection betWeen nodes in a graphical pro 
gram (e.g., a block diagram of the graphical program) to 
facilitate asynchronous communication betWeen the nodes. 
In some embodiments, this connection may be depicted as a 
special, asynchronous, Wire With a speci?c graphical appear 
ance. For example, in one embodiment, the asynchronous 
Wire may have a 3D tube-like appearance, although any other 
appearance may be used as desired. In some embodiments, 
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the directionality of the asynchronous Wire may also be indi 
cated, e.g., via an arroW or multiple arrows, displayed on or 
near the asynchronous Wire. 
[0021] Note that in preferred embodiments, an asynchro 
nous Wire does not explicitly carry data at run-time, and so it 
may not be considered as part of the data How graph (of the 
graphical program). This means that its ?re count (i.e., itera 
tive execution count) may be ignored at run-time and that it 
may not use explicit tunneling to cross structures. Instead the 
asynchronous Wire may visually “?oat” over structure bound 
aries, e.g., over the boundaries of loop nodes. 
[0022] In one embodiment, asynchronous Wires may be 
evaluated during a type propagation phase, e.g., at compile 
time. This Wire evaluation may be performed as a part of the 
type propagation phase, e.g., in the LabVIEW development 
system. In this phase the diagram may be traversed and logi 
cally executed by type (not by value), so that it is possible to 
compute the types of all Wires and terminals, and thus to 
type-check the diagram. For example, constant folding may 
be used to propagate constant values from the source of an 
asynchronous Wire to its sink. In this approach, as a part of 
type propagation, the values of constants are evaluated as far 
as possible on the diagram. This alloWs the elimination of 
dead code, such as unreachable cases in a case statement. This 
may alloW the end points to share static entities such as block 
diagram constants and constant references, such as references 
to a VI instance. At run-time this may result in a connection 
betWeen source and sink that does not obey standard (e.g., 
LabVIEW) data-?ow rules. 
[0023] For example, a source and sink in a graphical pro 
gram may be connected through an asynchronous Wire that 
may carry a string constant used to access a common, named 
queue, Which is a FIFO data structure. Note that a signi?cant 
difference betWeen a traditional LabVIEW Wire and the asyn 
chronous Wire connection betWeen the source and sink is that 
there is no data How dependency betWeen them in the latter 
case, and so the tWo graphical program nodes can run in 
parallel, While exchanging data. In other Words, the asynchro 
nous Wire is a neW type of Wire With different semantics, 
Where, in particular, there is not the normal data How depen 
dency betWeen nodes connected With an asynchronous Wire, 
and in fact, nodes connected by such a Wire are actually 
supposed to run in parallel, as opposed to serially When con 
nected With a regular Wire. Note that in general, it Would be an 
error to connect tWo nodes With both a regular Wire and an 
asynchronous Wire. Note further that asynchronous Wires 
may be alloWed to create cycles in a graphical program, e. g., 
in a LabVIEW graph, since doing so may not introduce a 
danger of deadlock or unde?ned behavior at run-time. Addi 
tionally, in some embodiments, multiple sources on asyn 
chronous Wires may be facilitated. Similarly, in some 
embodiments, multiple sinks on asynchronous Wires may be 
alloWed. 

[0024] The asynchronous Wire may be denoted by a type 
attribute (and so behaviorally polymorphic nodes may be 
possible), namely, a typedef With a special name. In other 
Words, asynchronous Wires may have a data type, and so may 
bene?t from the many uses of such typing, as is Well knoWn to 
those of skill in the programming arts, e.g., polymorphism 
and type checking, among others. 
[0025] It should be noted that While the example uses of 
asynchronous Wires described herein are Within a single pro 
gram, in other embodiments, asynchronous Wires may be 
used to connect different programs, e.g., to connect nodes that 
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are comprised in different respective graphical programs. 
Moreover, in some embodiments, the different programs may 
be even running on different processors or programmable 
hardWare elements, such as ?eld programmable gate arrays 
(FPGAs). 
[0026] In preferred embodiments, the asynchronous Wires 
may each be implemented by a respective graphical program. 
In other Words, the functionality of an asynchronous Wire 
may be provided by an associated graphical program. More 
speci?cally, each asynchronous Wire may use, be associated 
With, or represent, an instance of a graphical program, Which, 
for brevity, may be referred to simply as a graphical program. 
Thus, multiple asynchronous Wires may each utiliZe or have a 
respective instance of the same graphical program. The 
graphical program for each asynchronous Wire may be con 
?gured to implement and enforce the various communication 
policies of the Wire, e.g., read and Write policies, as discussed 
above. Thus, each instance of the graphical program may be 
con?gured for the particular behavior desired for the respec 
tive asynchronous Wire. Note that since graphical programs 
may store and maintain state information, the data transmitted 
on or by the asynchronous Wire may also be included in or 
implemented by the graphical program. Note also that the 
graphical program associated With an asynchronous Wire may 
not generally be visible to the user, i.e., may be hidden, 
although of course, means may be provided for displaying the 
graphical program of an asynchronous Wire for development 
purposes. 
[0027] Since the endpoints of an asynchronous Wire may 
share a common, static reference to a VI instance it may be 
possible to implement a Wide variety of run-time connections 
betWeen the endpoints, thus alloWing custom run-time behav 
ior of a node. For example, in various embodiments, some of 
the possible behaviors of an asynchronous Wire may include: 
implementing queues of various kinds, including FPGA 
FIFOs and RT (real time) FIFOs; single element communi 
cation (e. g., anonymous global variables); synchronization 
primitives, such as noti?ers, semaphores, rendesvous and 
occurrences; and expressing a connection to and from a part 
of a diagram that is being executed on a remote target, e.g., 
“roping in” of a piece of a diagram so that it can execute on the 
remote target in conjunction With local execution of the 
remainder of the diagram. 
[0028] In some embodiments, an asynchronous Wire may 
not be limited to propagating information from terminal 
sources to terminal sinks. In other Words, in some embodi 
ments, the asynchronous Wire (and possibly the terminals of 
the connected nodes) may be con?gured to transmit data in 
either direction or in both directions. In other Words, in some 
embodiments and con?gurations, the asynchronous Wire may 
facilitate tWo-Way communications betWeen the connected 
nodes. For example, in one embodiment, a dual queue may be 
used to facilitate such tWo-Way communications, Where one 
queue is used for a ?rst direction, and another queue is used 
for a second direction, although any other data structures and 
techniques may be used as desired. 
[0029] Thus, various embodiments of the asynchronous 
Wire(s) described herein may facilitate asynchronous com 
munications betWeen nodes in a graphical program, or 
betWeen graphical programs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 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: 
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[0031] FIG. 1 illustrates a graphical program With commu 
nication between tWo While loops via a shared variable, 
according to the prior art; 
[0032] FIG. 2A illustrates a computer system operable to 
execute a graphical program according to an embodiment of 
the present invention; 
[0033] FIG. 2B illustrates a netWork system comprising 
tWo or more computer systems that may implement an 
embodiment of the present invention; 
[0034] FIG. 3A illustrates an instrumentation control sys 
tem according to one embodiment of the invention; 
[0035] FIG. 3B illustrates an industrial automation system 
according to one embodiment of the invention; 
[0036] FIG. 4A is a high-level block diagram of an exem 
plary system Which may execute or utiliZe graphical pro 
grams; 
[0037] FIG. 4B illustrates an exemplary system that may 
perform control and/or simulation functions utiliZing graphi 
cal programs; 
[0038] FIG. 5 is an exemplary block diagram of the com 
puter systems of FIGS. 2A, 2B, 3A and 3B and 4B; 
[0039] FIG. 6 is a ?owchart diagram illustrating one 
embodiment of a method for asynchronous communication in 
a graphical program; 
[0040] FIG. 7 is graphical program illustrating use of asyn 
chronous Wires, according to one embodiment; 
[0041] FIG. 8 illustrates one embodiment of an exemplary 
graphical program that includes tWo separately executable 
While loops With respective nodes coupled via an asynchro 
nous Wire; 
[0042] FIG. 9 illustrates one embodiment of an exemplary 
signal processing graphical program With multiple asynchro 
nous Wires illustrates a cycle, and nodes With multiple asyn 
chronous inputs or outputs; 
[0043] FIG. 10 illustrates exemplary output from the signal 
processing graphical program of FIG. 9; and 
[0044] FIG. 11 illustrates an exemplary embodiment of a 
doWnsample node from the graphical program of FIG. 9, 
Where asynchronous I/ O for the node is implemented via 
queues. 
[0045] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
are shoWn by Way of example in the draWings and are herein 
described in detail. It should be understood, hoWever, that the 
draWings and detailed description thereto are not intended to 
limit the invention to the particular form disclosed, but on the 
contrary, the intention is to cover all modi?cations, equiva 
lents and alternatives falling Within the spirit and scope of the 
present invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

INCORPORATION BY REFERENCE 

[0046] The folloWing references are hereby incorporated 
by reference in their entirety as though fully and completely 
set forth herein: 

[0047] US. Pat. No. 4,914,568 titled “Graphical System 
for Modeling a Process and Associated Method,” issued on 
Apr. 3, 1990. 
[0048] US. Pat. No. 5,481,741 titled “Method and Appa 
ratus for Providing Attribute Nodes in a Graphical Data FloW 
Environment”. 

May 29, 2008 

[0049] US. Pat. No. 6,173,438 titled “Embedded Graphi 
cal Programming System” ?led Aug. 18, 1997. 
[0050] US. Pat. No. 6,219,628 titled “System and Method 
for Con?guring an Instrument to Perform Measurement 
Functions UtiliZing Conversion of Graphical Programs into 
HardWare Implementations,” ?led Aug. 18, 1997. 
[0051] US. Patent Application Publication No. 
20010020291 (Ser. No. 09/745,023) titled “System and 
Method for Programmatically Generating a Graphical Pro 
gram in Response to Program Information,” ?led Dec. 20, 
2000. 

Terms 

[0052] The folloWing is a glossary of terms used in the 
present application: 
[0053] Memory MediumiAny 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, ?oppy 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 ?rst com 
puter in Which the programs are executed, or may be located 
in a second different computer Which connects to the ?rst 
computer over a netWork, such as the Internet. In the latter 
instance, the second computer may provide program instruc 
tions to the ?rst 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. 

[0054] Carrier Mediumia 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. 
[0055] Programmable HardWare Elementiincludes vari 
ous types of programmable hardWare, recon?gurable hard 
Ware, programmable logic, or ?eld-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 “recon?gurable logic”. 
[0056] Mediumiincludes 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 
con?gured With a hardWare con?guration program. For 
example, a medium that is “con?gured to perform a function 
or implement a softWare object” may be 1) a memory medium 
or carrier medium that stores program instructions, such that 
the program instructions are executable by a processor to 
perform the function or implement the softWare object; 2) a 
medium carrying signals that are involved With performing 
the function or implementing the softWare object; and/ or 3) a 
programmable hardWare element con?gured With a hardWare 
con?guration program to perform the function or implement 
the softWare object. 
[0057] Programithe 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 
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memory and is executable by a processor or 2) a hardware 
con?guration program useable for con?guring a program 
mable hardware element. 

[0058] Software Programithe 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 
ten in graphical programming languages); assembly language 
programs; programs that have been compiled to machine 
language; scripts; and other types of executable software. A 
software program may comprise two or more software pro 
grams that interoperate in some manner. 

[0059] Hardware Con?guration Pro gramia program, e. g., 
a netlist or bit ?le, that can be used to program or con?gure a 
programmable hardware element. 
[0060] Graphical ProgramiA 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. 
[0061] The following provides examples of various aspects 
of graphical programs. The following examples and discus 
sion are not intended to limit the above de?nition of graphical 
program, but rather provide examples of what the term 
“graphical program” encompasses: 
[0062] The nodes in a graphical program may be connected 
in one or more of a data ?ow, control ?ow, and/or execution 
?ow format. The nodes may also be connected in a “signal 
?ow” format, which is a subset of data ?ow. 

[0063] Exemplary graphical program development envi 
ronments which may be used to create graphical programs 
include LabVIEW, DasyLab, DiaDem and Matrixx/System 
Build from National Instruments, Simulink from the Math 
Works, VEE fromAgilent, WiT from Coreco, Vision Program 
Manager from PPT Vision, SoftWIRE from Measurement 
Computing, Sanscript from Northwoods Software, Khoros 
from Khoral Research, SnapMaster from HEM Data, VisSim 
from Visual Solutions, ObjectBench by SES (Scienti?c and 
Engineering Software), and VisiDAQ from Advantech, 
among others. 

[0064] 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. 

[0065] 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. 

[0066] 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 ?le. Also, a user may 
input data to a graphical program or virtual instrument using 
a graphical user interface, e.g., a front panel. 
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[0067] 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. 
[0068] NodeiIn 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 
include function nodes, terminal nodes, structure nodes, etc. 
Nodes may be connected together in a graphical program by 
connection icons or wires. 

[0069] Data Flow Graphical Program (or Data Flow Dia 
gram)iA 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. 
[0070] Graphical User Interfaceithis 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. 

[0071] 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: 

[0072] A GUI 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. 

[0073] 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. 
[0074] Front PaneliA 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. 
[0075] A front panel is a type of GUI. A front panel may be 
associated with a graphical program as described above. 

[0076] 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. 
[0077] Graphical User Interface Elementian 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 
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[0078] Input Controlia graphical user interface element 
for providing user input to a program. Exemplary input con 
trols comprise dials, knobs, sliders, input text boxes, etc. 
[0079] Output Indicatoria graphical user interface ele 
ment for displaying output from a program. Exemplary out 
put indicators include charts, graphs, gauges, output text 
boxes, numeric displays, etc. An output indicator is some 
times referred to as an “output control”. 
[0080] Computer Systemiany 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 de?ned to encompass any 
device (or combination of devices) having at least one pro 
cessor that executes instructions from a memory medium. 
[0081] Measurement Deviceiincludes 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. 
[0082] 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. 2A4Computer System 

[0083] FIG. 2A illustrates a computer system 82 operable 
to execute a graphical program con?gured to utiliZe the asyn 
chronous communication techniques disclosed herein. As 
shoWn in FIG. 2A, the computer system 82 may include a 
display device operable to display the graphical program as 
the graphical program is created and/or executed. The display 
device may also be operable to display a graphical user inter 
face or front panel of the graphical program during execution 
of the graphical program. The graphical user interface may 
comprise any type of graphical user interface, e. g., depending 
on the computing platform. 
[0084] 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 graphical programs that are 
executable to perform the methods described herein. Also, the 
memory medium may store a graphical programming devel 
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opment environment application used to create and/or 
execute such graphical programs. The memory medium may 
also store operating system softWare, as Well as other soft 
Ware for operation of the computer system. Various embodi 
ments further include receiving or storing instructions and/or 
data implemented in accordance With the foregoing descrip 
tion upon a carrier medium. 

FIG. 2B4Computer Network 

[0085] FIG. 2B illustrates a system including a ?rst 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 a graphical 
program in a distributed fashion. For example, computer 82 
may execute a ?rst portion of the block diagram of a graphical 
program and computer system 90 may execute a second por 
tion of the block diagram of the graphical program. As 
another example, computer 82 may display the graphical user 
interface of a graphical program and computer system 90 may 
execute the block diagram of the graphical program. 
[0086] In one embodiment, the graphical user interface of 
the graphical program 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 ele 
ment and/or may include a processor and memory medium 
Which may execute a real time operating system. In one 
embodiment, the graphical 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 graphi 
cal program for execution on the device in a real time system. 

Exemplary Systems 

[0087] 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 
graphical program may be used include hardWare-in-the-loop 
testing and rapid control prototyping, among others. 
[0088] HoWever, it is noted that the present invention can be 
used for a plethora of applications and is not limited to the 
above applications. In other Words, applications discussed in 
the present description are exemplary only, and the present 
invention 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 multi 
media devices, video devices, audio devices, telephony 
devices, Internet devices, etc., as Well as general purpose 
softWare applications such as Word processing, spreadsheets, 
netWork control, netWork monitoring, ?nancial applications, 
games, etc. 

[0089] FIG. 3A illustrates an exemplary instrumentation 
control system 100 Which may implement embodiments of 
the invention. The system 100 comprises a host computer 82 
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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. 
[0090] 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 
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 ?eld 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. 
[0091] FIG. 3B 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. 3A. Elements Which are similar or identical to 
elements in FIG. 3A 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. 
[0092] 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 ?eldbus 
device 170 and associated ?eldbus 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. 

[0093] FIG. 4A is a high-level block diagram of an exem 
plary system Which may execute or utiliZe graphical pro 
grams. FIG. 4A illustrates a general high-level block diagram 
of a generic control and/or simulation system that comprises 
a controller 92 and a plant 94. The controller 92 represents 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 transmission, 
brakes, and so on.) As shoWn, a user may create a graphical 
program that speci?es or implements the functionality of one 
or both of the controller 92 and the plant 94. For example, a 
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control engineer may use a modeling and simulation tool to 
create a model (graphical program) of the plant 94 and/ or to 
create the algorithm (graphical program) for the controller 92. 
[0094] FIG. 4B illustrates an exemplary system that 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. 
[0095] 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. 
[0096] 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. 
[0097] 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 con?guration 
using a graphical program. Thus the user may create a graphi 
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. 
[0098] 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. 54Computer System Block Diagram 

[0099] FIG. 5 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 FIGS. 2A or 2B. 
It is noted that any type of computer system con?guration or 
architecture can be used as desired, and FIG. 5 illustrates a 
representative PC embodiment. It is also noted that the com 
puter system may be a general-purpose computer system, a 












