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(57) ABSTRACT 

A computer-based virtual instrumentation system including 
a host computer and an embedded system or device, Wherein 
graphical programs created using the computer system can 
be downloaded to the embedded system for execution in a 
real-time or more deterministic manner. The present inven 
tion thus provides a method for automatically generating an 
embedded application in response to a graphical program 
created by a user. This provides the user the ability to 
develop or de?ne instrument functionality using graphical 
programming techniques, While enabling the resulting pro 
gram to operate in an embedded real-time system. The 
invention includes a novel method for con?guring the 
embedded system. During execution of a graphical program 
in the embedded system, the block diagram portion executes 
in the embedded system, and the host CPU executes front 
panel display code to display on the screen the graphical 
front panel of the graphical program. The embedded system 
and the host computer exchange data using a front panel 
protocol to enable this operation. The present invention also 
includes improved debugging support for graphical pro 
grams executing on the embedded system. The host graphi 
cal programming system thus provides the user interface for 
graphical programs executing on the embedded system, 
essentially acting as the front panel “browser” for embedded 
applications. The host LabVIEW can also act as an inde 
pendent application communicating With embedded Lab 
VIEW through the shared memory. The host graphical 
programming system further provides a seamless environ 
ment in Which the user can develop an embedded application 
using high level graphical programming techniques. 
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SPECIFYING AND TARGETING PORTIONS OF A 
GRAPHICAL PROGRAM FOR REAL-TIME 

EXECUTION ON AN EMBEDDED PROCESSOR 

CONTINUATION DATA 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/631,528 ?led on Aug. 3, 2000 titled 
“System and Method for Initializing a Device for Execution 
of Graphical Programs”, Whose inventors are Jeffrey L. 
Kodosky, Darshan Shah, Samson DeKey, and Steven W. 
Rogers, Which is a continuation of US. patent application 
Ser. No. 08/912,445 ?led on Aug. 18, 1997 titled “Embed 
ded Graphical Programming System”, Whose inventors are 
Jeffrey L. Kodosky, Darshan Shah, Samson DeKey, and 
Steven W. Rogers, Which issued as US. Pat. No. 6,173,438 
on Jan. 9, 2001, Which is a Continued Prosecution Appli 
cation of US. patent application Ser. No. 08/912,445 ?led 
on Aug. 18, 1997 titled “Embedded Graphical Programming 
System”, Whose inventors are Jeffrey L. Kodosky, Darshan 
Shah, Samson DeKey, and Steven W. Rogers. 

RESERVATION OF COPYRIGHT 

[0002] Aportion of the disclosure of this patent document 
contains material to Which a claim of copyright protection is 
made. The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but reserves all other rights Whatso 
ever. 

FIELD OF THE INVENTION 

[0003] The present invention relates to graphical program 
ming, and in particular to a system and method for executing 
a portion or all of a graphical program in an embedded 
system, Wherein a user interface portion of the graphical 
programming system optionally also executes on the host 
CPU. 

DESCRIPTION OF THE RELATED ART 

[0004] Traditionally, high level text-based programming 
languages have been used by programmers in Writing appli 
cations programs. Many different high level programming 
languages exist, including BASIC, C, FORTRAN, Pascal, 
COBOL, ADA, APL, etc. Programs Written in these high 
level languages are translated to the machine language level 
by translators knoWn as compilers. The high level program 
ming languages in this level, as Well as the assembly 
language level, are referred to as text-based programming 
environments. 

[0005] Increasingly computers are required to be used and 
programmed by those Who are not highly trained in com 
puter programming techniques. When traditional text-based 
programming environments are used, the user’s program 
ming skills and ability to interact With the computer system 
often become a limiting factor in the achievement of optimal 
utiliZation of the computer system. 

[0006] There are numerous subtle complexities Which a 
user must master before he can ef?ciently program a com 
puter system in a text-based environment. The task of 
programming a computer system to model a process often is 
further complicated by the fact that a sequence of math 
ematical formulas, mathematical steps or other procedures 
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customarily used to conceptually model a process often does 
not closely correspond to the traditional text-based program 
ming 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 conceptu 
aliZation of the solution 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 conceptually model a system and then to 
program a computer to model that system. Since a user often 
is not fully pro?cient in techniques for programming a 
computer system in a text-based environment to implement 
his model, the ef?ciency With Which the computer system 
can be utiliZed to perform such modeling often is reduced. 

[0007] Examples of ?elds in Which computer systems are 
employed to model and/or control physical systems are the 
?elds of instrumentation, process control, and industrial 
automation. Computer modeling or control of devices such 
as instruments or industrial automation hardWare has 

become increasingly desirable in vieW of the increasing 
complexity and variety of instruments and devices available 
for use. HoWever, due to the Wide variety of possible 
testing/control situations and environments, and also the 
Wide array of instruments or devices available, it is often 
necessary for a user to develop a program to control a 

desired system. As discussed above, computer programs 
used to control such systems had to be Written in conven 
tional text-based programming languages such as, for 
example, assembly language, C, FORTRAN, BASIC, or 
Pascal. Traditional users of these systems, hoWever, often 
Were not highly trained in programming techniques and, in 
addition, traditional text-based programming languages 
Were not sufficiently intuitive to alloW users to use these 
languages Without training. Therefore, implementation of 
such systems frequently required the involvement of a 
programmer to Write softWare for control and analysis of 
instrumentation or industrial automation data. Thus, devel 
opment and maintenance of the softWare elements in these 
systems often proved to be dif?cult. 

[0008] US. Pat. No. 4,901,221 to Kodosky et al discloses 
a graphical system and method for modeling a process, ie 
a graphical programming environment Which enables a user 
to easily and intuitively model a process. The graphical 
programming environment disclosed in Kodosky et al can be 
considered the highest and most intuitive Way in Which to 
interact With a computer. A graphically based programming 
environment can be represented at level above text-based 
high level programming languages such as C, Pascal, etc. 
The method disclosed in Kodosky et al alloWs a user to 
construct a diagram using a block diagram editor, 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 to produce one or more 
output variables. In response to the user constructing a data 
How diagram or graphical program using the block diagram 
editor, machine language instructions are automatically con 
structed Which characteriZe an execution procedure Which 
corresponds to the displayed procedure. Therefore, a user 
can create a computer program solely by using a graphically 
based programming environment. This graphically based 
programming environment may be used for creating virtual 
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instrumentation systems, industrial automation systems and 
modeling processes, as Well as for any type of general 
programming. 

[0009] Therefore, Kodosky et al teaches a graphical pro 
gramming environment Wherein a user places or manipu 
lates icons in a block diagram using a block diagram editor 
to create a data How “program.” A graphical program for 
controlling or modeling devices, such as instruments, pro 
cesses or industrial automation hardWare, is referred to as a 

virtual instrument (VI). In creating a virtual instrument, a 
user preferably creates a front panel or user interface panel. 
The front panel includes various front panel objects, such as 
controls or indicators that represent the respective input and 
output that Will be used by the graphical program or VI, and 
may include other icons Which represent devices being 
controlled. When the controls and indicators are created in 
the front panel, corresponding icons or terminals are auto 
matically created in the block diagram by the block diagram 
editor. Alternatively, the user can ?rst place terminal icons in 
the block diagram Which cause the display of corresponding 
front panel objects in the front panel. The user then chooses 
various functions that accomplish his desired result, con 
necting the corresponding function icons betWeen the ter 
minals of the respective controls and indicators. In other 
Words, the user creates a data How program, referred to as a 
block diagram, representing the graphical data How Which 
accomplishes his desired function. This is done by Wiring up 
the various function icons betWeen the control icons and 
indicator icons. The manipulation and organiZation of icons 
in turn produces machine language that accomplishes the 
desired method or process as shoWn in the block diagram. 

[0010] A user inputs data to a virtual instrument using 
front panel controls. This input data propagates through the 
data How block diagram or graphical program and appears 
as changes on the output indicators. In an instrumentation 
application, the front panel can be analogiZed to the front 
panel of an instrument. In an industrial automation applica 
tion the front panel can be analogiZed to the MMI (Man 
Machine Interface) of a device. The user adjusts the controls 
on the front panel to affect the input and vieWs the output on 
the respective indicators. 

[0011] Thus, graphical programming has become a poW 
erful 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 
programming environments to develop their softWare appli 
cations. In particular, graphical programming tools are being 
used for test and measurement, data acquisition, process 
control, man machine interface (MMI), and supervisory 
control and data acquisition (SCADA) applications, among 
others. 

[0012] In many instrumentation or industrial automation 
applications, it is necessary to guarantee real-time perfor 
mance and/or more deterministic behavior for proper opera 
tion. HoWever, current computer operating systems gener 
ally cannot guarantee real-time or deterministic 
performance. This is primarily due to various overhead 
issues, such as context sWitches, driver calls, disk caching, 
user I/O and interrupts, Which limit the operating system’s 
ability to guarantee real-time performance. Therefore, it 
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Would be desirable to provide a programmable environment 
Which can guarantee real-time performance. It is further 
desirable to provide the user the maximum amount of 
?exibility to create his/her oWn real-time applications and/or 
de?ne his/her oWn instrument real-time functionality using 
a high level graphical programming environment. 

[0013] In many instrumentation or industrial automation 
applications, it is necessary to guarantee real-time perfor 
mance and/or more deterministic behavior for proper opera 
tion. HoWever, most desktop computer operating systems 
(eg WindoWs 95) generally cannot guarantee real-time or 
deterministic performance. This is primarily due to the fact 
that desktop operating systems (speci?cally, its scheduler) 
are designed for high throughput at the expense of deter 
minism. This is also due to various overhead issues, such as 
context sWitches, driver calls, disk caching, user I/O and 
interrupts, Which limit the operating system’s ability to 
guarantee real-time performance. Therefore, it Would be 
desirable to provide a programmable environment Which can 
guarantee real-time performance. It is further desirable to 
provide the user the maximum amount of ?exibility to create 
his/her oWn real-time applications and/or de?ne his/her oWn 
instrument real-time functionality using a high level graphi 
cal programming environment. 

SUMMARY OF THE INVENTION 

[0014] The present invention comprises a computer-based 
virtual instrumentation system, Wherein graphical programs 
created using the computer system can be doWnloaded to an 
embedded system for execution in a real-time or determin 
istic manner. The present invention thus provides a method 
for automatically generating an embedded application in 
response to a graphical program created by a user. This 
provides the user the ability to develop or de?ne instrument 
functionality using graphical programming techniques, 
While enabling the resulting program to operate in an 
embedded real-time system. 

[0015] The preferred embodiment of the invention com 
prises a general purpose host computer system Which 
includes a CPU and memory, and an embedded system or 
device coupled to the host computer system Which also 
includes a CPU and memory, referred to as an embedded 
CPU and embedded memory. The embedded memory stores 
a real-time operating system kernel Which provides basic OS 
services. The embedded system also includes a graphical 
program execution engine, referred to as embedded Lab 
VIEW, Which enables the embedded system to execute the 
graphical program. 

[0016] In one embodiment, the embedded system is an 
interface card or device such as an Intelligent DAQ card or 
VXI controller interface card coupled to (or plugged in to) 
the host computer. In this embodiment, the embedded 
memory further includes a shared memory portion used for 
bi-directional communication betWeen the host computer 
and the embedded system. In an alternate embodiment, the 
embedded system comprises an instrument or device con 
nected to the computer, such as through a netWork connec 
tion. It is noted that the instrument or device comprising the 
embedded system can take any of various forms, as desired. 

[0017] The host computer system includes a host graphical 
programming system, e.g., host LabVIEW, Which is used to 
develop a graphical program. The host LabVIEW also 




























