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ABSTRACT





Graphical programming has gained much popularity over the last decade, particularly because many scientists and engineers have experienced improvements in programming efficiency due to the ease-of-use of graphical programming tools. LabVIEW is such a graphical programming environment used in a wide variety of industries, such as automated testing, industrial automation, laboratory automation, automotive engineering, personal instru-mentation, etc., to build virtual instrumentation systems. In this paper we introduce LabVIEW as a de facto industry-standard graphical programming environment built on industry-standard technologies that scientists and engineers can employ to leverage the rapidly changing personal computing market. In particular, we focus on those new and enhanced features of LabVIEW 4 such as advanced debugging tools, abstraction mechnisms, connectivity with other applications, etc., which are crucial when building large-scale applications. 








INTRODUCTION





As graphical languages have grown in popularity over the past decade, they have spread to many industries and applications. This is particularly true for scientists working in research and development. Among the many well-known advantages of graphical programming such as easy to use, natural representation, rapid prototyping, code reusability, we consider the possibility of graphically building large real-world applications, especially by non-experts as being one of the most important. The design engineer can now rapidly prototype, implement, and modify a system using a single graphical language without the aid of traditional computer scientists. And because graphical programs are often similar to the standard flowcharts, to which many engineers are accustomed, it has demonstrated real capability of reducing software development time. 





Although the graphical programming paradigm is very compelling for engineers and scientists in a number of disciplines, many graphical programming tools today are still focused at only a few specific industries. Users in one industry struggle to use tools designed for a completely different market. To leverage the benefits of graphical programming to engineers and scientists in every discipline, it is very important to have specialized tools to meet their specific needs. Thus, the challenge today is to create graphical programming tools that can be customized to meet the needs of very different users exactly, without forcing them to learn technologies and terminology that may be foreign to them.











THE DESIGN AND EVOLUTION OF LABVIEW 





�


LabVIEW originated as proposal for a graphical measurement system focused at providing a graphical tool for test and measurement tasks in the area of laboratory automation [1]. Consequently, the proposal adopted the virtual instrument (VI) metaphor, whereby software for laboratory automation is viewed as a hierarchy of real-world instrument-like modules consisting of execution-time user interfaces called front panels controlled by graphical programs in the form of block diagrams. Users interactively operate a VI via the graphical controls and indicators on the VI panel. The VI’s behaviour is defined by its diagram, which is a structured data-driven dataflow graph of subVI icons and primitive functions. A VI’s icon represents a call to the VI from the diagram of a higher level VI. The programmatic use of a VI is very similar to the interactive use, because connectors on the icon are mapped to controls and indicators on the panel.
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Fig. 1: LabVIEW front panel, block diagram, and the corresponding icon connector





LabVIEW combines two previously unrelated programming techniques - structured programming and data flow programming - and embeds them in a graphical editing and execution system replacing the traditional edit/compile/link/execute sequence of textual programming languages by the draw/execute cycle [2]. This melding of program development and execution is a major benefit of the LabVIEW graphical programming environment. LabVIEW contains extensive built-in functions and libraries for instrument control, data acquisition, analysis, editors for front panels and block diagrams, and the embedded G block diagram language. First introduced in 1986, LabVIEW today supports a large variety of platforms including, Windows 3.1x/95/NT, Macintosh and Power Macintosh; Sun SPARC stations; and HP workstations. To address the needs of users working with time-critical applications and to enhance the over-all execution speed, LabVIEW features an optimized graphical compiler for the described platforms. Currently, in its fourth-generation implementation, LabVIEW is regarded as the industry's most popular and most productive graphical programming software, and it has become a de facto standard graphical programming language and regarded as highly as C/C++ or BASIC.


2.1 HIERARCHICAL STRUCTURED DATAFLOW DIAGRAMS 





Structured programming is an established methodology, the advantages of which are well known. LabVIEW is a strongly typed, structured programming language and it’s execution source code is based on structured data flow theory with enhancements and extensions for conditional and looping structures to enforce execution orders, iterative operations, and branching routines. In a data-flow program, an instruction (e.g. multiply) can execute as soon as all inputs (e.g. multiplier and multiplicand) are available, at which time the outputs are generated (e.g. product). Thus, the flow of data between connected objects controls the execution order. The execution order is not constrained to the sequential order of lines from a text-based program. By focusing on the flow and transformation of data within a system, it is possible to exploit the maximum amount of parallelism in a program. Note that conventional programming languages are based on the control flow model which is proving inadequate for parallel processing and the modelling of real world processes. The LabVIEW environment supports parallel execution, or multitasking, between multiple VIs, independent of the capability of the operating system. LabVIEW also features a graphical compiler that generates optimized compiled code. VIs execute at speeds comparable to those of compiled C programs. For operate-only execution of LabVIEW VIs, there are two options. The LabVIEW Run-Time System, a compact form of the LabVIEW development system, that allows users to load and execute VIs, but not edit them. With the application Builder, the user can create VIs that operate as stand-alone executables.








3. DEBUGGING TOOLS FOR LARGE-SCALE APPLICATIONS





Though the obvious benefits of graphical are generally recognized, there is a perception that the graphical paradigm does not lend itself to large-scale applications [4]. An often criticism of graphical programming languages is the lack of graphical abstraction mechanisms that are as effective as those offered by text-based languages. The fourth generation of LabVIEW features many new debugging features necessary when building large applications and allow an efficient complexity management, making LabVIEW programs scaleable. 
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For applications involving time-critical sections of code, one can employ the LabVIEW 4 Profiler to analyze execution time and memory requirements for all VIs in a program. For example the system performance can be optimized by analyzing the total time it takes to run a VI and its subVIs, the total number of times and subVIs are called, the minimum and maximum execution times for each component, and a breakdown of the time spent to execute, display, draw, and track each component. 


                                                                     Fig. 2: LabVIEW Profile Window





LabVIEW 4 also features an improved Hierarchy Window, which can be employed as a navigation tool. All VIs in an application can be viewed, or subsections can be selected. Global variables, type definitions, and VI Library VIs can optionally be displayed or hidden. In addition, the user can edit icons, create VI description, and print VI documentation directly from this window. 	
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For extensive debugging breakpoints on individual wires or nodes can be set throughout the diagram using the breakpoint tool. In addition, the user has the ability to step into, over, and out of subVIs. LabVIEW 4 also provides a new Find utility that can search for all occurrences of a text string, subVI, function call, attribute node, etc. This utility can search all VIs in memory, or be set to search only those in which the user is interested.


            Fig. 3: LabVIEW Hierarchy Window








ABSTRACTION MECHANISMS 





One of the keys to creating large LabVIEW applications is understanding and using the hierarchical nature of the VI. As mentioned earlier, a diagram can be associated with an icon to form a VI. Multiple instances of the VI can be placed as a subVI within another higher level VIs to be executed multiple times. LabVIEW provides two methods of creating subVIs. The first method, which was originally introduced with the first version of LabVIEW, requires users to manually create an icon and connector for a subVI and then load it into the application and wire it into the existing diagrams. The second method, which is newly introduced with LabVIEW 4 simplifies this whole process by allowing users to directly create a subVI from a selection (portion) of a VI. The user can simply select a section of a VI that requires to be condensed into a subVI and choose the “SubVI from Selection“ and the section becomes a subVI. LabVIEW automatically wires a new subVI in place of the selected section of the diagram and creates the corresponding front panel controls and indicators for the new subVI. 








CONNECTIVITY WITH OTHER APPLICATIONS





Although LabVIEW provides extensive libraries for acquisition (e.g. GPIB, Serial, VXI/MXI, plug-in data acquisition devices), data analysis, and presentation, in many real-world applications there is a need to integrate LabVIEW programs with a variety of other applications. To meet this requirement LabVIEW contains several new connectivity tools. In addition to the existing dynamic data exchange (DDE), Apple Events, TCP, and UDP networking protocols; Named Pipes; and the ability to call executables, dynamic link libraries (DLLs), and shared libraries directly; LabVIEW also takes advantage of the Windows 95 OLE 2.0 technology by providing OLE Automation VIs allowing communication with other OLE Automation servers, such as Excel, dBase, and OLE-enabled Visual and Basic and Visual C/C++ applications. The Remote VI Control VIs make it possible that a single LabVIEW application on one machine can control multiple programs on different machines on network. In addition, the user is provided with the ability to remotely load and run VIs when they are needed. These remote VIs may execute standard LabVIEW block diagrams, call DLLs, or launch executables written in other languages. 


Finally, LabVIEW and LabWindows/CVI can leverage code through the new CodeLink utility, which automatically builds LabVIEW VIs to integrate C libraries created in LabWindows/CVI. LabVIEW users can incorporate low-level operations or legacy C source code directly into their block diagrams, while LabWindows/CVI users can incorporate the rapid prototyping benefits of graphical programming into their projects.








CONCLUSIONS





In this paper we have presented LabVIEW as a general-purpose graphical programming language that accommodates all aspects of measurement and instrumentation system, including data acquisition, instrument control, data analysis, and data presentation. LabVIEW is built on industry-standard technologies and used by scientists and engineers worldwide to build virtual instruments for use in a wide variety of applications, such as automated testing, industrial automation, laboratory automation, automotive and aerospace engineering, physiological monitoring, personal instrumentation, etc. Currently in its fourth generation, LabVIEW adds new productivity, connectivity, and customization tools designed specifically to meet the needs of all users.








REFERENCES





J. Kodosky, R. Dye, Programming with Pictures, Computer Language, January 1989, pp. 61-68.


J. Kodosky, J. MacCrisken, G. Rymar, Visual Programming Using Structured Data Flow, Proceedings of the IEEE Workshop on Visual Languages, Kobe, Japan, October 8-11, 1991, pp. 34-39.


R. Jamal, Graphical Object-Oriented Programming with LabVIEW, Proceedings of the 3rd International Conference on Accelerator and Large Experimental Physics Control Systems (ICALEPCS’93), Berlin, Germany, October 18-23, 1993, pp. 438-441.


R. Jamal, L. Wenzel, The Applicability of the Visual Programming Language LabVIEW to Large Real-World Applications, Proceedings of the 11th IEEE Symposium on Visual Languages (IEEE VL’95), Darmstadt, Germany, September 5-9, 1995, pp. 99-106.


G. Johnson, LabVIEW - Graphical Programming, McGraw-Hill 1994.


L. Wells, LabVIEW Student Edition User’s Guide, Prentice Hall 1995.


M. Burnett, A. Goldberg, T. Lewis: Visual Object-Oriented Programming, Prentice Hall 1995.


