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TITLE: DETERMINING AND MERGING DIFFERENCES BETWEEN CONFIGURATION DIAGRAMS

Field of the Invention
The present invention relates to the field of system configuration, and more particularly to a system and

method for determining and merging differences between configuration diagrams.

Description of the Related Art

With the advent of networked computer systems, there has been a trend in computer software to provide more
distributed software applications. For example, in some fields developers are attempting to distribute software
applications among two or more nodes or computer systems in a network, wherein the application may comprise a
plurality of different software programs executing in a plurality of different computer systems or other devices.

Measurement and automation systems are moving toward computer based systems wherein a computer system
performs much of the processing, analysis, or control for measurement and automation applications. Measurement and
automation systems are also moving toward network-based or distributed systems, wherein a plurality of network-based
devices operate together to perform a desired measurement and/or automation function. Various new intelligent devices
are also starting to appear in measurement and automation systems, such as smart sensors, smart cameras, smart motion
control devices, smart distributed data acquisition devices, computer based instrument cards, PXI and VXI systems
which may include intelligent controllers or reconfigurable devices, programmable logic controllers (PLCs), etc.

Computer-based measurement and automation systems which employ intelligent devices have become
increasingly desirable in view of the increasing complexity of measurement and automation tasks, and the variety of
intelligent or programmable instruments and devices available for use. However, due to the wide variety of possible
testing and control situations and environments, and also the wide array of instruments or devices available, it is often
necessary for a user to develop custom programs to control a desired system.

Increasingly, computers are required to be used and programmed by those who are not highly trained in
computer programming techniques. This is particularly true in the measurement and automation fields, where engineers
are often required to develop a test, measurement or automation application to accomplish a certain objective. As a
result, in many cases it is extremely difficult for a user to be able to create various computer programs and distribute
these programs among devices in a distributed system.

Graphical tools are increasingly used to develop, manage, and operate systems, e.g., distributed systems, for
test and measurement, data acquisition, process control, man machine interface (MMI), supervisory control and data
acquisition (SCADA) applications, modeling, simulation, image processing / machine vision applications, motion
control, and e-commerce, among others. Examples of such graphical tools include graphical programming systems,
such as the LabVIEW graphical programming system provided by National Instruments Corporation, and configuration
diagrams, which graphically represent hardware and/or software systems, e.g., in the form of a graph of interconnected
icons representing hardware and/or software.

Various techniques for creation and use of configuration diagrams are described in U.S. Patent Application
Serial No. 10/113,987 titled “A Configuration Diagram Which Displays a Configuration of a System” whose
inventors are Jeffrey L. Kodosky, Darshan Shah and Steven W. Rogers, and U.S. Patent Application Serial No.
10/338,512 titled “Network-Based System for Analyzing a Client System and Generating a Configuration Diagram
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which Describes the Client System” whose inventors are Mohammed Kamran Shah, David W Fuller I, Jeffrey N.

Correll and Brian H. Sierer, both of which are hereby incorporated by reference.

Summary of the Invention

Embodiments of a system and method for determining and/or merging differences between configuration
diagrams are described. Information regarding a first configuration diagram may be received, where the first
configuration diagram represents a first system. Information regarding a second configuration diagram may also be
received, where the second configuration diagram represents a second system. A configuration diagram may
comprise a plurality of nodes representing components in the represented system, and optionally interconnections
representing physical, logical, and/or data coupling between the components or resources. Note that the first and
second systems may be of any type, e.g., the first system and the second system may each comprise one or more of:
an industrial automation system, a process control system, and a test and measurement system, among others. In a
preferred embodiment, at least one of the systems comprises a measurement system.

In various embodiments, the information regarding the first and second configuration diagrams may be any
type of information related to or characterizing the configuration diagrams and/or the represented systems. For
example, in some embodiments the information may include the configuration diagrams themselves. In other
embodiments, the information regarding a configuration diagram may include one or more of: an abstract
representation of the configuration diagram, e.g., a data structure or description specifying the plurality of nodes,
and optionally, interconnections, component or resource attributes, e.g., identification, sub-components,
configuration data, version information, descriptions, deployment, and so forth. Thus, the information regarding the
each configuration diagram may include one or more of: the configuration diagram, a graph of the configuration
diagram, a description of the configuration diagram, and a data structure specifying the configuration diagram. The
information for each configuration diagram may include information related to the corresponding system’s
components or resources, and may also include information related to the connectivity or associations between the
system components or resources.

It should be noted that in preferred embodiments, the systems and methods described herein may be
implemented in a networked client/server system, where, for example, various portions of the described functionality
may be performed by software executing on the client and/or the server systems. Thus, the method may include the
client computer system connecting to the server system over a network, e. g., the Internet, where the first and/or the
second information may be provided to the server by the client system, and/or extracted by the server system from
the client system, etc.

In another embodiment, the user may provide information describing or specifying a task or system
functionality, e.g., via a GUI displayed on the client system and provided by the client system and/or the server
computer system, e.g., via a GUI displayed on a vendor’s website. The method may then include automatically or
programmatically determining a system suitable for performing the specified task, i.e., determining the first
information. For example, based on the information describing or specifying the task or desired functionality, the
server (or client) may query a database of configuration diagrams to determine or select a configuration diagram
corresponding to the appropriate system,

Henceforth, in this document the components or resources comprised in or represented in the configuration

diagrams may be referred to by the term “component”, although it should be noted that as used herein, component
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may mean any or all of a hardware component or group of components, a device or group of devices, a software
component, program, or group of programs, data (e.g., configuration data), or any other aspect of a system or system
element.

The received first and second information may be analyzed to determine differences between the first and
second configuration diagrams. In a preferred embodiment, the determined differences correspond to or reflect
differences between the systems respectively represented by the first and second configuration diagrams.

The determination of the differences between the first and second configuration diagrams may be
performed in a variety of different manners. In some embodiments, the analyzing may include creating one or more
data structures which include information regarding the first plurality of nodes in the first configuration diagram and
the second plurality of nodes in the second configuration diagram, where determining differences includes
comparing the one or more data structures to determine the differences. For example, in one embodiment, the one
or more data structures may each comprise directed graphs including a plurality of vertices connected by edges,
where each of the vertices represents one of the nodes in a respective one of the first and second configuration
diagrams. The directed graphs may then be analyzed to determine the differences, e.g., the configuration diagrams,
or representations thereof, may be traversed or “walked”, to enumerate their respective components and
connections. For example, if the configuration diagrams are represented by respective graphs, each graph may be
traversed, where each node and connection (if any) is recorded. The resulting lists may then be compared to
determine the differences. Of course, depending upon the type and form of the received information, any other type
of comparison may be made as appropriate to determine the differences.

In some embodiments, determining the differences and/or matches between the configuration diagrams may
include determining differences and/or matches between components in the corresponding systems. For example, in
some embodiments, differences and/or matches between hardware devices (if any) comprised in the first and second
systems may include differences and/or matches in one or more of: number and types of the hardware devices, sub-
components of the hardware devices, programs stored on the hardware devices and configuration of the hardware
devices, among others. For example, consider the case where the same type of hardware device is included in both
systems, but where one or more aspects of the hardware devices differ in the two systems, e.g., software (e.g.,
software programs and/or versions), configuration data, expansion cards, hardware versions, calibration dates, etc.
The method may include determining all or part of these component differences and/or matches.

In some embodiments, during the analysis of the information regarding the configuration diagrams, e.g.,
during traversal of the configuration diagrams, each component or information representing or relating to each
component, may be analyzed to determine any distinctions between otherwise similar or identical components. Note
that these sub-component differences may be between hardware, software, data, e.g., configuration data, and/or any
other aspect of the respective components.

In one embodiment, the differences and/or matches may be determined in accordance with specified criteria
or guidelines. In other words, analyzing the first and second information to determine differences and/or matches
between the configuration diagrams may be performed in accordance with specified difference and/or match criteria,
such as, for example, difference/match tolerance levels, category or type, cost, and performance, among others. In
some embodiments, the criteria may be specified by the user. Thus, the method may include receiving user mput

specifying the difference and/or match criteria, e.g., via a graphical user interface (GUI).
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Finally, an indication of the determined differences between the first and second configuration diagrams
may be displayed on a display device, e.g., a computer monitor, printer, etc. There are numerous ways in which the
determined differences may be displayed or indicated, any of which may be used to display the differences. For
example, in one embodiment, a “difference” configuration diagram may be displayed that includes only those nodes
and connections not common to both configuration diagrams. In another embodiment, a configuration diagram may
be displayed that displays at least a subset of a set union or “merge” of the component/resource nodes of the two
configuration diagrams, where the nodes and/or connections are graphically displayed to indicate whether they are
common to both diagrams, and/or if not common, to which system they belong, e.g., by highlighting, color, outline,
style, labels, etc. In other words, nodes and/or connections common to both configuration diagrams, and/or those
exclusive to each configuration diagram may be graphically displayed in such as way as to distinguish between
them. Thus, in some embodiments, the configuration diagrams may be merged to generate a merged configuration
diagram, and the results displayed. Further details of configuration diagram merging are provided below.

In various embodiments, displaying an indication of the differences on a display device may include one or
more of: displaying a textual description of each of said differences, displaying at least one of said first and second
configuration diagrams and graphically indicating, e.g., highlighting, at least a subset of the differences between said
first and second configuration diagrams, and displaying a merged configuration diagram comprising at least a subset
of a union of the first and second configuration diagrams and graphically indicating, e.g., highlighting, the
differences between the first and second configuration diagrams.

As noted above, in some embodiments, the configuration diagrams may be merged. In other words, rather
than simply determining differences, the received information may be analyzed to merge the first and second
configuration diagrams, thereby generating a merged configuration diagram, representing a “merged” system
comprising at least a subset of a union (in the set-theoretic sense) of the respective components of the first and
second systems. '

In some embodiments, analyzing the first and second information to merge the first configuration diagram
and the second configuration diagram may include analyzing and merging one or more of: matches and differences
between hardware devices comprised in the first and second systems, matches and differences between programs
comprised in the first and second systems, and matches and differences between configuration data comprised in the
first and second systems, among others.

In some embodiments, the merged configuration diagram may be generated as the first and second
diagrams are traversed or walked, obviating the intermediate lists. Note that where the same components are
encountered in the first and second configuration diagrams, only one corresponding component may be added to the
merged configuration diagram, thereby avoiding redundancies in the merged configuration diagram. As noted
above, in some embodiments, the received information may comprise lists of components or resources, as well as
lists of connections between the components or resources. The analysis may then include analyzing and merging the
lists, then generating the merged configuration diagram based on the merged list. Of course, depending upon the
type and form of the received information, any other type of comparison and analysis may be made as appropriate to
generate the merged configuration diagram.

The generated merged configuration diagram may then be displayed on a display device, e.g., a computer
monitor, printer, etc. There are numerous ways in which the merged configuration diagram may be displayed, any

of which may be used as desired. For example, in one embodiment, the merged configuration diagram may be
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displayed where nodes and/or connections common to both configuration diagrams, and/or those exclusive to each
configuration diagram may be graphically displayed in such as way as to distinguish between them, e.g., via
highlighting, color, line-style, labels, and so forth. In other words, nodes and/or connections representing
components, and optionally interconnections, common to both systems, and/or those exclusive to each system may
be graphically displayed in such as way as to distinguish between them. For example, components only in the first
configuration diagram may be shown with a first color, components only in the second configuration diagram may
be shown with a second color, and components common to both may be shown in a third color. Note that in various
embodiments, the merged configuration diagram may comprise a new configuration diagram, or may be generated
by modifying a pre-existing configuration diagram, e.g., the first or second configuration diagram.,

In some embodiments, the merged configuration diagram may be indicated textually, e.g., as lists or tables
of components and optionally, their connectivity. For example, names of components (and optionally, connectivity)
may be grouped according to their configuration diagram affiliation, including a “common” group comprising those
common to both configuration diagrams. Any other means of displaying the merged configuration diagram are also
contemplated, including, for example, combinations of textual and graphical representations. For example,
displaying the merged configuration diagram may also include graphically indicating the matches and differences
between the first and second configuration diagrams in the merged configuration diagram, and/or displaying a
textual description of matches and differences between the first and second configuration diagrams. In one
embodiment, graphically indicating the matches and differences between the first and second configuration diagrams
in the merged configuration diagram may include highlighting the differences (or matches) between the first and
second configuration diagrams in the merged configuration diagram.

The determined differences and/or matches may be used for any of a variety of purposes. For example, the
first configuration diagram may comprise a desired system specification, and the second configuration diagram may
represent a user’s actual system. The user may wish to modify the actual system in accordance with the
specification. In some embodiments, the determined differences and/or matches may be used to place an order for
any components needed to bring the actual system into accordance with the specification, i.e., the first configuration
diagram. Thus, the method may further include providing means for enabling the user to acquire needed but missing
components for the actual system (e.g., represented by the second configuration diagram).

For example, in one embodiment, software executing on a client computer system, e.g. the users computer
system, and/or software executing on a server computer, e.g. coupled to the client computer, may analyze the
determined differences and may automatically initiate acquisition and/or purchase of the missing (one or more)
components. In one embodiment, the software may automatically order the components without user input, e.g., via
the network (e.g., the Internet), for example, if the user’s billing or payment information (e.g., credit card number,
credit account number, etc.) is already stored or available to the software. In other words, the system may comprise
an e-commerce system that automatically (or at user initiation) orders and purchases the needed components based
on the determined differences. In other embodiments, the user may be presented with a GUI, e.g., displayed on the
client system and provided by the server and/or the client system, prompting the user for input regarding completion
of the actual system. For example, the GUI may display the first configuration diagram, e.g., highlighting those
components that are missing in the actual system, and may prompt the user with a “Complete the system?” message
or equivalent. In response to a positive answer from the user, a search for and/or order of the missing components

may then be performed. For example, one or more quotes for each missing component may be presented to the user,
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including, for example, cost, vendor, delivery times, and/or any other information useful for making a purchase
decision, where the quotes may be retrieved from a database, via a network search engine, or any other source of
quote information. As another example, the user may click on each of the missing components in the diagram,
thereby invoking respective options related to that component, such as, for example, searching for similar
components, ordering the component, etc. The GUI may also facilitate user entry or specification of payment
information for acquiring the components where necessary. Note that in some cases, one or more of the needed
components may be free, e.g., software components available for download from a server, etc.

Where multiple versions of a component are available, selection or priority criteria, possibly specified by
the user, may be used to select among the possible components. The selection criteria may specify desirable
attributes such as cost, performance, manufacturer/vendor, delivery time and/or means, and so forth, which may
guide in the selection of the components.

In other embodiments, at least some user input may be required to acquire the components. For example,
in one embodiment, the client computer system may contact a server computer system to acquire the desired
components. In one embodiment, a GUI may be presented to the user on a display device of the client computer
system, where the GUI may be provided by the client computer system and/or by the server. In one embodiment,
the user may specify which components are needed, although in other embodiments, the GUI may indicate to the
user which components (or component types) are needed by the actual system (or the second configuration diagram)
to bring it into compliance with the specification, i.e., the first configuration diagram.

Thus, the GUI may present user-selectable options for acquiring the components. As one example, the
GUI may simply provide a list of the needed components (possibly numerous versions of each) and contact
information for sources or vendors of the components, e.g., names, addresses, telephone numbers, websites or
URLs, and so forth. As another example, the GUI may present various ordering options and/or means for acquiring
the components, including, for example, user-selectable links for placing orders over a network, e.g., the Internet, or
for downloading software and/or data. In some embodiments, the GUI may present information to help the user
select components, such as, for example, cost, vendor, manufacturer, technical specifications, order fulfillment
times, and so forth. The GUI may also facilitate user entry of payment, billing, or account information needed to
purchase the components, as mentioned above.

In some embodiments, the method (e.g., the server) may automatically determine the sources for candidate
components by accessing an internal or external database, and/or by searching a network, e.g., the Internet, where,
as noted above, specified selection or priority criteria may be used to guide the search. The user may be prompted
to approve or initiate a suggested order or purchase, or to select from candidate components, after which the order
may be placed, and the component delivered for inclusion in the actual system. For example, in one embodiment, if
the component is a software program or configuration data, the server (or another external server system) may
download the component directly to the client computer system, from which the component may be deployed to the
actual system. As another example, if the actual system (which may include the client computer system) is
networked to the server, the server may automatically download and deploy the component to or on the actual
system. In another embodiment, the server (or another system) may download the component to the client computer
system, and the client computer system may automatically deploy the component to the actual system, e.g., possibly

using installation software downloaded with the component. Thus, the system may be operable to determine missing



10

15

20

25

30

35

40

WO 2006/076639 PCT/US2006/001335

components, order and purchase the components, and deploy the components to the actual system, e.g., in order to
bring the actual system into compliance with the configuration diagram,

It should be noted that in some embodiments, the search may not be performed solely on the basis of each
required individual component. For example, a subset of a system may be represented by a graph structure, and
successive, expanding, subsets of the system may be queried for in the database(s). This user may thus be able to
purchase a sub-system based on the ability of a vendor to have available a connected subset of a system. Similarly,
pricing and other information (e.g., a quote) may be provided for specified subsets of the system.

The user may purchase the different components from different vendors. As noted above, some of the
components may be available for free or download via a network connection. For example, the user may require
driver software and may be able to freely download it and update his actual system. In some cases, the user may
have on hand some of the newly identified missing components, and so may mark these components for exclusion in
the search operation to obtain a quotation.

In one embodiment, if the search is unable to find an exact match, a vendor (e.g., software operating on a
vendor server and/or a human operator, may determine that a modified version of the desired component or
subsystem may be created for the user, and may present this modified solution for consideration by the user. The
vendor may set thresholds for matching in order to be notified when such requests are made. The vendor may be
able to manually respond to the request by the user in this case where a database query alone may not have resulted
in provision of a valid quotation to the user.

If the component includes hardware, the component may be delivered via any physical means, e.g., mail,
special delivery, etc., after which the user (or someone else) may deploy the component to the actual system. Thus,
one or more of the missing components may be acquired, e.g., via download from the server (or a different server),
e.g., for software, data, etc., and/or via more physical means, such as delivery via any of various delivery or postal

means, e.g., for hardware and/or software/data, etc.

Brief Description of the Drawings

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:

Figure 1A illustrates a computer system operable to implement various embodiments of the present
invention;

Figure 1B illustrates a network system comprising two or more computer systems that may implement an
embodiment of the present invention;

Figure 2A illustrates an instrumentation control system according to one embodiment of the invention;

Figure 2B illustrates an industrial automation system according to one embodiment of the invention;

Figure 3 is an exemplary block diagram of the computer systems of Figures 1A, 1B, 2A and 2B;

Figures 4A-41 illustrate example configuration diagrams, according to various embodiments;

Figure 5 is a flowchart diagram illustrating one embodiment of a method for displaying differences between
configuration diagrams;

Figure 6 is a flowchart diagram illustrating one embodiment of a method for merging configuration
diagrams; and

Figure 7 illustrates an exemplary merged configuration diagram, according to one embodiment.
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While the invention is susceptible to various modifications and alternative forms, specific 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 modifications, equivalents and alternatives falling

within the spirit and scope of the present invention as defined by the appended claims.

Detailed Description of the Preferred Embodiments
Terms

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

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 computer 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 instructions 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.

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.

Programmable Hardware Element - includes various types of programmable hardware, reconfigurable
hardware, 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 programmable hardware. A
programmable hardware element may also be referred to as “reconfigurable logic”.

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. For example, a medium that is “configured 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 configured with a hardware configuration program
to perform the function or implement the software object.

Configuration Diagram — a graphical representation of a system, including a plurality of icons or nodes
that represent hardware and/or software components or resources of the system, optionally interconnected,
corresponding to connections and/or associations between the components or resources, i.e., physical and/or data

coupling between the components or resources.
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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 programmable hardware element.

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 programming languages, such as C, C++, Pascal, Fortran, Cobol, Java, assembly language, etc.;
graphical programs (programs written 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 programs that interoperate in some manner.

Hardware Configuration Program — a program, e.g., a netlist or bit file, that can be used to program or
configure a programmable hardware element.

Graphical Program — A program comprising a plurality of interconnected nodes or icons,. wherein the
plurality of interconnected nodes or icons visually indicate functionality of the program.

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

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.

Exemplary graphical program development environments which may be used to create graphical
programs include LabVIEW, DasyLab, DiaDem and Matrixx/SystemBuild from National Instruments Corporation,
Simulink from the MathWorks, VEE from Agilent, 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 (Scientific and Engineering
Software), and VisiDAQ from Advantech, among others.

The term “graphical program” includes models or block diagrams created in graphical modeling
environments, wherein the model or block diagram comprises interconnected nodes or icons that visually indicate
operation of the model or block diagram; exemplary graphical modeling environments include Simulink, SystemBuild,
VisSim, Hypersignal Block Diagram, etc.

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.

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 computer 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.

A graphical program may optionally have a GUI associated with the graphical program. In this case,

the plurality of interconnected nodes are often referred to as the block diagram portion of the graphical program.
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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 include function nodes, terminal nodes, structure nodes,
etc. Nodes may be connected together in a graphical program by connection icons or wires.

Data Flow Graphical Program (or Data Flow Diagram) — A graphical program or diagram comprising a
plurality of interconmected nodes, wherein the connections between the nodes indicate that data produced by one node is
used by another node.

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.

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:

A GUI may comprise a single window having one or more GUI Elements, or may comprise a
plurality of individual GUI Elements (or individual windows each having one or more GUI Elements), wherein the
individual GUI Elements or windows may optionally be tiled together.

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 program. For example, when Input Controls and
Output Indicators are created in the GUI, corresponding nodes (e.g., terminals) 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.

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.

A front panel is a type of GUL. A front panel may be associated with a graphical program as
described above.

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.

Graphical User Interface Element — an element of a graphical user interface, such as for providing input or
displaying output. Exemplary graphical user inte;face elements comprise input controls and output indicators

Input Control — a graphical user interface element for providing user input to a program. Exemplary input
controls comprise dials, knobs, sliders, input text boxes, etc.

Output Indicator - a graphical user interface element for displaying output from a program. Exemplary
output indicators include charts, graphs, gauges, output text boxes, numeric displays, etc. An output indicator is

sometimes referred to as an “output control”.
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Computer System — any of various types of computing or processing systems, including a personal
computer system (PC), mainframe computer system, workstation, network appliance, Internet appliance, personal
digital assistant (PDA), television system, grid computing system, or other device or combinations of devices. In
general, the term "computer system" can be broadly defined to encompass any device (or combination of devices)
having at least one processor that executes instructions from a memory medium.

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 measurement 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 traditional 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 acquisition (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
generators, spectroscopes, and similar measurement, test, or automation instruments.

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 o 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.

Figure 1A — Computer System

Figure 1A illustrates a computer system 82 operable to execute software programs for determining and/or
merging differences between configuration diagrams. Various embodiments of methods for determining and
merging differences between configuration diagrams are described below.

As shown in Figure 1A, the computer system 82 may include a display device operable to display
configuration diagrams, and optionally, graphical programs. The display device may also be operable to display a
graphical user interface for user interaction with software and/or hardware implementing embodiments of the present
invention. The graphical user interface may comprise any type of graphical user interface, e.g., depending on the
computing platform.

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 programming development environment
application used to create and/or execute such programs, e.g., the LabVIEW graphical programming development
environment provided by National Instruments Corporation. The memory medium may also store operating system
software, 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.

Figure 1B — Computer Network
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Figure 1B illustrates a system including a first computer 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 system 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 others.

In some embodiments, the computer systems 82 and 90 may implement and/or execute software programs
in a cooperative or distributed manner. For example, in embodiments that utilize graphical programming
methodologies, the computer systems 82 and 90 may execute a graphical program in a distributed fashion. For
example, computer 82 may execute a first portion of the block diagram of a graphical program and computer system
90 may execute a second portion 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.

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 comnected 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 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 graphical program for execution on the
device in a real time system.

As will be described in more detail below, in some embodiments, the computer system 82 may be coupled
to additional devices, e.g., comprised in the computer system 82, comprised in the second computer system 90,
and/or coupled to one or both of the computer systems 82 and 90 via the network 84. Software executing on the
computer system 82 may be operable to receive configuration diagrams from, or generate configuration diagrams

based on, the devices (including computer system 90) on the network 84.

Exemplary Systems

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 developed 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.

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 multimedia 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, financial applications, e-commerce, games, etc.

Figure 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
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host 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 instruments to analyze, measure or
control a unit under test (UUT) or process 150.

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 instruments 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 measurement 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.

Figure 2B illustrates an exemplary industrial automation 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 Figure 2A. Elements which are similar or identical to elements in Figure 2A have the same
reference rumerals 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 distributed data acquisition, process control, advanced
analysis, or other control, among others.

The one or more devices may include a data acquisition 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 available from National Instruments
Corporastion, among other types of devices.

In the embodiments of Figures 2A and 2B, described above, one or more of the various devices may couple to
each other over a network, such as the Internet. In some embodiments, one or more programs according to the present
invention may be operable to generate and/or analyze configuration diagrams representing these types of systems. For
example, software executing on computer system 82 may determine hardware devices on the network, as well as
configuration information for each device, including, for example, applications, driver software, hardware configuration
programs, configuration parameters, and/or other resources used by or in conjunction with the devices, and generate one
or more configuration diagrams representing the system, including, for example, connectivity among the system
components.

As noted above, in some embodiments, at least a portion of the software may be implemented in a graphical
programming language, such as the “G” graphical programming language provided by National Instruments
Corporation.
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Graphical software programs which perform data acquisition, analysis and/or presentation, e.g., for
measurement, instrumentation control, industrial automation, modeling, or simulation, such as in the applications shown

in Figures 2A and 2B, may be referred to as virtual instruments.

Figure 3 - Computer System Block Diagram

Figure 3 is a block diagram representing one embodiment of the computer system 82 and/or 90 illustrated in
Figures 1A and 1B, or computer system 82 shown in Figures 2A or 2B. 1t is noted that any type of computer system
configuration or architecture can be used as desired, and Figure 3 illustrates a representative PC embodiment. It is also
noted that the computer 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.

The computer may include at least one central processing 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, typically comprising RAM and referred to as main memory, 166 is coupled to the host bus 162 by means
of memory controller 164. The main memory 166 may store configuration diagrams, as well as software according
to embodiments of the present invention for analyzing the configuration diagrams. In some embodiments, programs
for generating configuration diagrams may also be stored. The main memory may also store operating system
software, as well as other software for operation of the computer system.

The host bus 162 may be coupled to an expansion or input/output bus 170 by means of a bus controller 163
or bus bridge logic. The expansion bus 170 may be the PCI (Peripheral 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.

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 program to the device 190 for
execution of the program on the device 190. As noted above, in some embodiments, the program may be a
graphical program. For example, 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
program 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.

Figures 4A-4G — Example Configuration Diagrams

A configuration diagram may comprise a plurality of nodes representing components or resources in the
represented system, and opﬁonally, interconnections representing physical and/or data coupling between the
components or resources, and thus may provide a graphical representation of a system, including hardware and/or
software components of the system. Note that as used herein, the terms “software” and “software components” may

refer to any type of software or data resource, including, for example, programs, graphical program nodes, drivers,
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configuration data for hardware or software, databases, protocols, version information, and so forth. Figures 4A-4G
illustrate example configuration diagrams for a variety of systems, including software and/or hardware systems. It
should be noted, however, that the configuration diagrams shown are intended to be exerpplary only, and are not
intended to limit the configuration diagrams used in or by embodiments of the present invention to any particular
form, function, or appearance.

In some embodiments, a configuration diagram may be operable to present different views, such as an
entire system view, a subsystem view, an individual device view, a program relationship view, etc., which in some
embodiments may each be treated as individual configuration diagrams. In other words, a configuration diagram
may include a “device view” that only shows device icons (i.e., nodes), and optionally interconnections between the
cons. The configuration diagram may also include a “program view” that shows program icons, optionally including
interconnections indicating data flow, dependencies, calling relationships, etc. The program view may show only
program icons, or may show the program icons proximate the respective device icons on which they are stored.
Alternatively, each of these “views” may instead be a separate configuration diagram, where the represented system
is actually a subsystem of a larger system.

In cases where a program is configured as a hierarchy of a main program and one or more sub-programs, the
system may display a hierarchy view comprising an icon representing the main program and an icon representing each
of the one or more sub-programs. The relationship view or diagram may also display connections or links between the
program icons. In the hierarchy view, the program icons are arranged and are preferably connected to visually indicate
the hierarchy. In the case of a plurality of software objects configured to invoke methods and trigger events on each
other, the system may display an object-oriented view comprising an icon representing each of the programs, and
possibly connections indicating the method invocation and/or event messaging. In the case of a graphical program
which is configured as a hierarchy of a main graphical program and one or more sub-graphical programs (e.g., a main
VI and one or more sub-VIs), the system may display a hierarchy view comprising an icon representing each of the
main graphical program, an icon representing each of the one or more sub-graphical programs, and connections
between the program icons to visually indicate the hierarchy. Examples of hierarchy views of graphical programs are
shown in Figures 4A-4E, and 4G, described below. This allows the viewer to easily view the programs present in the
system which may be used in configuring the distributed system. In another embodiment, the program icons resident in
a device may simply be displayed, without any type of relationship view.

As discussed above, one or more existing or created programs may be displayed in a relationship view in
the configuration diagram. The program icons may be displayed proximate to (e.g., under) and/or connected to the
device icon on which they are stored or located (deployed). For example, programs that are stored on the main
computer system 82 may be displayed proximate to the main computer system device icon. Alternatively, as
mentioned above, the configuration diagram may support a program relationship view that displays only program
icons, without device icons. Links may be displayed between the program icons to indicate invocation
(caller/callee) relationships.

Thus the configuration diagrams may represent hardware and/or software systems, and their
interdependencies or associations, e.g., deployment relationships, caller/callee relationships, device connectivity,
attributes, configurations, etc.

For example, Figure 4A illustrates one embodiment of an exemplary configuration diagram that includes a

hierarchy of program icons 402 and 404A-D and a device icon 412. As F igure 4A shows, the hierarchy of program
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icons includes a main program icon 402 at the top level of the program hierarchy and four program icons (“sub-
program icons) 404A-D at the next level of the program hierarchy.

In one embodiment, parts of an application may be distributed among different devices in the distributed
system for distributed execution, which may affect the operation of the programs contained on the original or source
device (e.g., the main computer system) that are being executed. For example, a sub-program of a main program may
be deployed onto a different device for execution. One embodiment of a configuration diagram for such a system
configuration is illustrated in Figure 4B, wherein the top level program in the program hierarchy has three sub-program
icons 404A - 404C which are resident on the main machine 82, and an icon 404D1 corresponding to the remote device
in the hierarchy indicating that a call is being made to a remote device during execution.

Figure 4C illustrates a similar configuration diagram as that of Figure 4A, but where the program icon 402
has been associated with the device icon 412 (e.g., by a user dragging and dropping the program icon 402 on to the
device icon 412). As shown in Figure 4C, the program icon 402, as well as the lower level program icons 404A-D
are displayed proximate to (e.g., under) the device icon labeled “Shah” 412, visually indicating that the entire
program hierarchy has been deployed on the device represented by the device icon 412,

Note that the configuration diagram illustrated in Figure 4C shows the invocation relationship or
caller/callee relationship between the programs. If the program represented by program icon program 402a does not
invoke or call the program represented by program icon 404d2, the link icon 405 may be drawn between program
icon 404a and program icon 404d2, in which case the configuration diagram may appear as shown in Figure 4D,
where program icon 404a is connected by link icon 405a to program icon 404d2, and link icon 405 between
program icons 402a and 404d2 is not displayed, indicating that the program represented by program icon 404a is
configured to call the program represented by program icon 404d2, rather than the program represented by program
icon 402a being configured to call the program represented by program icon 404d2, as represented by Figure 4B.

If both programs represented by program icons 402a and 404a are configured to call program 404d2, a link
between program icon 404a and program icon 404d2 may be displayed, as shown in Figure 4E, where links are
displayed between program icons 402a and 404d2 as well as between program icons 404a and 404d2.

As noted above, the configuration diagram may include device icons that represent the various devices in a
distributed system. Each of the device icons preferably has an appearance which corresponds to the device it
represents. Thus, a computer system 82 may be represented by a device icon that has the appearance of a computer
system. In a similar manner, other device icons may have an appearance which is similar to the appearance of the
device it represents. This allows the viewer to easily view and understand what devices are present in the distributed
system.

Figure 4F illustrates one embodiment of a configuration diagram representing a distributed hardware
system. As may be seen, this particular example system includes a plurality of devices coupled via a variety of -
communication buses, including Ethernet (Internet), GPIB, Wireless (e.g., Ethernet, Bluetooth), PCI, Serial I/O,
USB, and 1394, as illustrative examples of inter-device connectivity means, although any other buses and protocols
may be used as desired.

Figure 4G illustrates one embodiment of a more complex qonﬁguration diagram representing a distributed
hardware/software system. As Figure 4G shows, in some embodiments, the configuration diagrams may include a
broad diversity of hardware and software, and as mentioned above, may illustrate the hierarchical organization of

the hardware and/or software of the represented systems.
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In some embodiments, a configuration diagram may be operable to receive user input invoking display of
and/or modifying configuration data for components in the diagram.

Figure 4H illustrates an exemplary configuration diagram that includes a device icon 802 which represents
a host computer, and a device icon 804 which represents a measurement or control device, In this example, the
device icon 804 represents a Fieldpoint device from National Instruments, which may be used for measurement or
control applications. As shown, the user can select the device icon 804 representing the Fieldpoint device, upon
which one or more menus may be displayed. The user can select various options from these menus.

As shown, the user can select a configuration option on a first menu. This selection produces a second
menu that has items for network, I/O, and data points, e.g., tags. As used herein, the term “data point” includes a
data point, I/O point, data tag, /O channel data values, and other types of data values. The data point may be
associated with or generated by a device, or may be calculated by a program. When the user selects the network
option, the user may receive further options for configuring the IP address of the device, or a security aspect of the
device.

Thus, as Figure 4H shows, in this embodiment, the user may select a “Configuration” menu item, which
may then invoke specific configuration menu items for viewing and/or modifying configuration data, including
“Network” configuration data, e.g., “IP” and “Security” data, as well as “I/O” and “Tags” configuration data. In the
embodiment shown, the user may select a menu item, thereby invoking display of corresponding configuration data.
In some embodiments, the user may also provide further input setting or modifying the configuration data. As also
shown, menu options are provided for manipulating or otherwise interacting with the configuration diagram,
including a “Copy settings from...” item whereby configuration data may be copied from a specified component,
and a “Remove” option, whereby a component or group of components may be removed from the configuration
diagram.

Althougii not shown in Figure 4H, when the user selects the I/O selection, in one embodiment a
measurement configuration program, such as Measurement and Automation Explorer from National Instruments,
may be initiated to configure I/O channels. If /O channels already exist or have previously been configured, then
these items may be displayed, as shown in Figure 41, and described below. Thus, when the user selects the I/O or
tags items in Figure 4H, if physical I/O points had previously been configured, or data points or tags had previously
been configured, then information regarding these may be displayed, as illustrated in Figure 4I.

Figure 41 illustrates yet another example configuration diagram that facilitates display and/or modification
of configuration data for components represented in the diagram. As Figure 41 shows, in this embodiment, the
system includes host computer system 802 and controller 804. The diagram is operable to display various properties
of the controller, including for example, the disposition and configuration of the controller /O channels or
terminals, and may optionally allow user-modification of the configuration data. Note that in this embodiment,
access to configuration data, e.g., viewing and/or modifying, may be managed via user privilege levels, as illustrated
by the “Administrator” access level indicated in Figure 41. As shown in Figure 41, if the user selects the /O menu
item (e.g., as shown in Figure 4H, described above), various configured I/O channels may be illustrated, such as
analog input, analog output, or digital I/O. As also shown in Figure 41, if the user selects the tags or data points
item, various configured data points may be shown, such as, e.g., pressure, temperature, RPM etc. Thus, as shown

in Figure 41, the system may display configured /O or configured data points. These items may be displayed in a
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“tree view”, or other suitable view. The system may also display an “add new” feature which allows the user to add
new physical /O or data points directly to the tree structure shown in Figure 41.

As also shown in Figure 41, the user can select a data point item and select various options. For example,
the user can select an analog input item (e.g., AIl), which causes a menu to be displayed, from which the user can
probe the I/O point (data point) or configure properties of the I/O point. Another feature of the “tree view” shown in
Figure 41 is that every individual tree is preferably collapsible. Thus, the user can choose to see only programs, only
data points, only I/O channels, or an entire hierarchical view.

Thus, in various embodiments, a configuration diagram may facilitate user interaction to invoke display
and/or modification of the configuration diagram, including configuration data for one or more of the components
included or represented in the configuration diagram. This configuration data may be analyzed as described below
with reference to Figures 5 and 6, to determine differences between, and/or to merge, configuration diagrams.

In some embodiments, a program stored on a device may optionally be represented by a device icon. This
may be desirable where a certain program performs a “device-like” function. In another embodiment, a non-present
device may have a device icon (virtual device icon), and the functionality of the non-present device may be
simulated by a program executing on the main computer system or another device.

As described above, the configuration diagram may include connections (“connection icons™) such as lines,
that are displayed between the various device icons to show the interrelationship or coupling between the respective
devices. In one embodiment, the connections that are displayed may be context sensitive to indicate the type of
interconnection or interface (e.g., bus type), and/or the type of data or phenomena being provided between the devices.

In a measurement application, the device icons may represent the various measurement devices present in the
system, such as those shown in Figures 2A, 2B and 3. For example, there may be device icons present for any one or
more of the various measurement or automation devices shown in F igures 2A, 2B and 3. Thus, as one example, where
a computer system is coupled to a PXI chassis that includes a plurality of PXI instrument cards comprised in the chassis,
the configuration diagram may include a device icon which represents the computer system, and a device icon which
represents each of the respective PXI instruments comprised in the PXI chassis. The configuration diagram may also
optionally include a device icon which represents the PXT chassis, with further device icons comprised in or proximate
to the PXI chassis device icon representing each of the respective PXI instrument cards. As another example, where
one or more smart sensors are present in the measurement system, device icons may be present which represent each of
the various smart sensors. In a machine vision application, device icons may be present for a host computer system 82,
an image acquisition board 134, and a camera 132, which may be a smart camera as desired. Thus, the configuration
diagram graphically displays a plurality of device icons which represent the devices that are present in the system,
and/or a plurality of software and/or data icons which represent the software and/or data present in the system. As
noted above, “software” may refer to any type of software or data resource, including, for example, programs,
graphical program nodes, drivers, configuration data for hardware or software, databases, protocols, version

information, and so forth.

Figure 5 —Method for Determining Differences Between Configuration Diagrams

Figure 5 illustrates a computer-implemented method for determining and displaying differences between
configuration diagrams, according to one embodiment. The method shown in Figure 5 may be used in conjunction

with any of the computer systems or devices shown in the above Figures, among other devices. In various
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embodiments, some of the method elements shown may be performed concurrently, in a different order than shown,
or may be omitted. Additional method elements may also be performed as desired. As shown, this method may
operate as follows.

First, in 502, information regarding a first configuration diagram may be received, where the first
configuration diagram represents a first system. As indicated in 504, information regarding a second configuration
diagram may also be received, where the second configuration diagram represents a second system. As described
above, a configuration diagram may comprise a plurality of nodes representing components in the represented
system, and optionally interconnections representing physical, logical, and/or data coupling between the components
or resources. Note that the first and second systems may be of any type. For example, the first system and the
second system may each comprise one or more of: an industrial automation system, a process control system, and a
test and measurement system, among others. In a preferred embodiment, at least one of the systems comprises a
measurement system,

It should be noted that each of the configuration diagrams may represent an actual system, or a “virtual”
system. For example, the first system may be a desired system or a system specification, e.g., a virtual system, i.e.,
not an actual physical system, and the second configuration diagram may represent an actual system, e.g., owned or
operated by the user. Note that this distinction may apply to any type of system, including, hardware, software,
including hardware configuration programs for programmable hardware elements, and/or configuration data, among
other types of systems. In some embodiments, each of the configuration diagrams may represent an actual system,
where, for example, the user may wish to know how their system (e.g., represented by the second configuration
diagram) compares or differs from some other system, e.g., an actual “reference” system (e.g., represented by the
first configuration diagram). Alternatively, each of the configuration diagrams may represent virtual systems, i.e.,
systems that are not actualized or implemented, e.g., which may be useful in system design and planning, among
other uses.

In various embodiments, the information regarding the first and second configuration diagrams may be any
type of information related to or characterizing the configuration diagrams and/or the represented systems. For
example, in some embodiments the information may include one or both of the configuration diagrams themselves.
In other embodiments, the information regarding a configuration diagram may include one or more of: an abstract
representation of the configuration diagram, e.g., a data structure or description specifying the plurality of nodes,
and optionally, interconnections, component or resource attributes, e.g., identification, sub-components,
configuration data, version information, descriptions, deployment (i.e., the location and/or execution target of a
component), and so forth. Thus, the information regarding each configuration diagram may include one or more of:
the configuration diagram, a graph of the configuration diagram, a description of the configuration diagram, and a
data structure specifying the configuration diagram.

Thus, the information for each configuration diagram may include information related to the corresponding
system’s components or resources, and may also include information related to the connectivity or associations
between the system components or resources.

Henceforth, in this document the components or resources comprised in or represented in the configuration
diagrams may be referred to by the term “component”, although it should be noted that as used herein, component

may mean any or all of a hardware component or group of components, a device or group of devices, a software
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component, program, or group of programs, data (e.g., configuration data), or any other aspect of a system or system
element.

Note that the information for the configuration diagrams may be received in any of a variety of ways. For
example, in one embodiment that includes a client system and a server system, the user may provide the first and/or
second information to the server, e.g., via a GUI provided by the client system and/or the server. In some
embodiments, the method may include querying an actual system to determine the information, e.g., the first and/or
second information. For example, in the embodiment described above, where the first configuration diagram
comprises a system specification for a virtual system and the second configuration diagram represents the user’s
possibly incomplete system, i.e., the second system, the second system may be queried to determine the second
information. For example, in one embodiment, software executing on the host (i.., client) computer system, or a
server computer system, may establish an association with the second system, e.g., over a network, after which the
second system may be queried for the second information regarding the second system. For example, an IP (Internet
Protocol) address or URL (Universal Resource Locator), or other network address, may be provided, e.g., by the
user, which may then be used to establish the association. The method may include prompting the user for the
address, e.g., via a GUL

Thus, the second information regarding the second system may be received in response to the querying.
For example, if the second system is coupled to the host computer (or the server computer) over a network, a
discovery process may be performed, either automatically or via invocation by the user, in which the second system,
and possibly each component of the second system, is queried to determine the second information. In one
embodiment, “Plug and Play”-type information stored on the client computer system (or another computer system)
may be queried to determine the second information. In another embodiment, an internal or external database or
equivalent that stores a description of the second system may be queried to determine the second information. Note
that as used herein the term “database” may include a distributed database that comprises a plurality of databases
distributed over a network. In further embodiments, the second system may be queried for a first portion of the
second information, e.g., component identification (ID) information, connectivity, etc., and the database or
equivalent may then be queried to determine a second portion of the second information. For example, the ID
information may be used to direct queries to the database.

In another embodiment, the user may provide information describing or specifying a task or system
functionality, e.g., via a GUI displayed on the client system and provided by the client system and/or the server
computer system, e.g., via a GUI displayed on a vendor’s website. The method may then include automatically or
programmatically determining a system suitable for performing the specified task, i.e., determining the first
information. For example, based on the information describing or specifying the task or desired functionality, the
server (or client) may query a database of configuration diagrams to determine or select a configuration diagram
corresponding to the appropriate system. Note that any of the techniques disclosed herein may be used for either or
both of the first and second configuration diagrams (and/or systems).

In 506, the first and second information received in 502 and 504 above may be analyzed to determine
differences between the first and second configuration diagrams. In a preferred embodiment, the determined
differences correspond to or reflect differences between the systems respectively represented by the first and second
configuration diagrams. In various embodiments, the analysis of 506 may be performed automatically, e.g., as part

of a “Plug and Play” process, or, may be performed in response to user input.
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The determination of the differences between the first and second configuration diagrams may be
performed in a variety of different manners. In some embodiments, the analyzing may include creating one or more
data structures which include information regarding the first plurality of nodes in the first configuration diagram and
the second plurality of nodes in the second configuration diagram, where determining differences includes
comparing the one or more data structures to determine the differences. For example, in one embodiment, the one
or more data structures may each comprise directed graphs including a plurality of vertices connected by edges,
where each of the vertices represents one of the nodes in a respective one of the first and second configuration
diagrams. The directed graphs may then be analyzed to determine the differences. For example, in one
embodiment, the configuration diagrams, or representations thereof, may be traversed or “walked”, to enumerate
their respective components and connections. For example, if the configuration diagrams are represented by
respective graphs, each graph may be traversed, where each node and connection (if any) is recorded. The resulting
lists may then be compared to determine the differences.

In some embodiments, the information received in 502 and 504 above may comprise lists of components or
resources, optionally including connections between the components or resources. The analysis may then include
comparing the lists to determine the differences. Of course, depending upon the type and form of the received
information, any other type of comparison may be made as appropriate to determine the differences.

It should be noted that in some embodiments, determining the differences between the configuration
diagrams may also include determining differences between components in the corresponding systems. For
example, in some embodiments, differences between hardware devices (if any) comprised in the first and second
systems may include differences in one or more of: number and types of the hardware devices, sub-components of
the hardware devices, and configuration of the hardware devices. For example, consider the case where the same
type of hardware device is represented in both diagrams, but where one or more aspects of the hardware devices
differ in the two systems, e.g., software (e.g., software programs and/or versions), configuration data, expansion
cards, hardware versions, etc. The method may include determining all or part of these component differences.

For example, in some embodiments, during the analysis of the information regarding the configuration
diagrams, e.g., during traversal of the configuration diagrams, each component or information representing or
relating to each component, may be analyzed to determine any distinctions between otherwise similar or identical
components. Note that as mentioned above, these sub-component differences may be between hardware, software,
data, e.g., configuration data, and/or any other aspect of the respective components. Thus, for example, if the two
configuration diagrams each included a GPIB chassis, the method may determine that the two GPIB chassis include
different modules. As another example, two otherwise similar or identical programmable hardware elements may
have different versions of a hardware configuration program deployed, and so the method may analyze information
related to the configuration of each programmable hardware element to determine and compare the versions. As yet
another example, two programs may be compared or “diffed” to determine differences in source code between the
two programs. Note that in various embodiments, differences between programs included in the first and second
systems may include differences in one or more of: software versions, number and types of programs, sub-
components of the programs, source code of the programs, deployment of the programs, and configuration of the
programs.

In one embodiment, at least a subset of the first plurality of nodes and/or at least a subset of the second

plurality of nodes may be interconnected. Thus, the differences between the first configuration diagram and the
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second configuration diagram may include differences in interconnectivity of components comprised in the first and
second systems. Note that depending on the nature of the systems represented by the configuration diagrams, the
differences in interconnectivity of components included in the first and second systems may include differences in
one or more of: physical connectivity between components, e.g., network topology, cables, wireless means, etc.,
data flow between components, signal flow between components, control flow between components, dependencies
between components, and calling relationships between components (e.g., programs), among others.

Note that these examples are meant to be exemplary only, and are not intended to limit the contemplated
differences discernable by the method to any particular type.

In one embodiment, the differences and/or matches may be determined in accordance with specified criteria
or guidelines. In other words, analyzing the first and second information to determine differences and/or matches
between the configuration diagrams may be performed in accordance with specified difference and/or match criteria,
such as, for example, difference/match tolerance levels, category or type, cost, and performance, among others. For
example, a tolerance criterion may specify that different versions of the same software programs are not to be
considered different, i.e., are to be considered a match. In one approach, a difference or matching score may be
computed, e.g., based on similarities or differences between the components, where exceeding a tolerance threshold
may determine whether two components match. This threshold may be set to reflect a specified tolerance.

As another example, category criteria may specify that only hardware (and/or software, and/or
configuration information, is to be considered. As another example of category criteria based on functionality,
components with similar functionality may be considered a match, e.g., two different types of oscilloscope, data
acquisition card, signal generator, etc. Cost criteria may specify cost-related aspects of components that may have
bearing on the determined differences and/or matches. Similarly, performance criteria may specify what constitutes
a differences and/or match based on functional performance of components, where performance may refer to any
type of performance-related metric, such as, for example, speed, throughput, memory-size, CPU clock-speed, and so
forth. The criteria or guidelines may be stored on the host computer system or a device coupled to the host system
over a network. In some embodiments, the criteria may be specified by the user. Thus, the method may include
receiving user input specifying the difference and/or match criteria, e.g., via a graphical user interface (GUI).

As another example, the user may specify a particular view, e.g., hardware, software, and/or configuration
information, to which the analysis may be directed. Thus, for example, if the user (or a default setting) specifies a
software view, the analysis may only consider software components of the systems. Similarly, if a hardware view is
specified, the analysis may only consider hardware components of the systems.

As a further example, the user may specify some portion of the configuration diagram for the analysis,
where only the specified portion may be compared to the actual system. For example, the user may select
components (and/or interconnections) by clicking on them with a pointing device, €.g., a mouse, by drawing a
selection rectangle (or other shape) around the portion, or otherwise indicating the portion to be analyzed (diffed
and/or merged). Thus, for example, the present method may be selectively applied to sub-systems as desired, which
may be of benefit when working with complex systems.

As described in detail below, in some embodiments, the determined differences and/or matches may be
determined via and represented by a configuration diagram representing at least a subset of the union of the two

systems and indicating the determined differences and/or matches. In other words, in some embodiments, a merged
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configuration diagram may be generated representing a “merged” system comprising at least a subset of a union (in
the set-theoretic sense) of the respective components of the first system and the actual system.

In some embodiments, the user may specify a tolerance for the determination of matches and differences
between components, which may in turn determine whether two similar components in the two diagrams should be
considered a match or not. For example, the user may specify that in cases where two hardware components (each
from or represented in a respective configuration diagram) are identical but for software (e.g., including firmware
and/or hardware configuration programs), the hardware components are considered a match. However, in some
embodiments, the analysis may determine software differences between the two original components, optionally in
response to user input, e.g., by right-clicking on the component icon. As another example, the user may specify that
the process not distinguish between software versions.

In one approach, a difference or matching score may be computed, e.g., based on similarities or differences
between the components, where exceeding a tolerance threshold may determine whether two components match.
This threshold may be set to reflect a specified tolerance. Thus, in various embodiments, the user may specify a
tolerance level or schema regarding matches and differences between components represented in the configuration
diagrams.

More generally, in various embodiments, the user may specify various criteria, e.g., tolerance levels,
priority, or schema regarding differences between components of the first system and the actual system, and the
differences may be determined in accordance with the criteria.

In 508, an indication of the determined differences between the first and second configuration diagrams
may be displayed on a display device, e.g., a computer monitor, printer, etc. There are numerous ways in which the
determined differences may be displayed or indicated, any of which may be used to display the differences. For
example, in one embodiment, a “difference” configuration diagram may be displayed that includes only those nodes
and connections not common to both configuration diagrams. In another embodiment, a configuration diagram may
be displayed that displays at least a subset of a set union or “merge” of the component/resource nodes of the two
configuration diagrams, where the nodes and/or connections are graphically displayed to indicate whether they are
common to both diagrams, and/or if not common, to which system they belong, e.g., by highlighting, color, outline,
style, labels, etc. In other words, nodes and/or connections common to both configuration diagrams, and/or those
exclusive to each configuration diagram may be graphically displayed in such as way as to distinguish between
them. Thus, in some embodiments, the configuration diagrams may be merged to generate a merged configuration
diagram, and the results displayed. Further details of configuration diagram merging are provided below with
reference to Figure 6.

In some embodiments, the determined differences may be indicated textually, e.g., as lists or tables of
components and optionally, their connectivity. For example, names of components (and optionally, connectivities)
may be grouped according to their configuration diagram affiliation, including a “common” group comprising those
common to both configuration diagrams. Any other means of displaying the differences between the configuration
diagrams are also contemplated, including, for example, combinations of textual and graphical representations of the
differences.

Thus, in various embodiments, displaying an indication of the differences on a display device may include
one or more of: displaying a textual description of each of said differences, displaying at least one of said first and

second configuration diagrams and highlighting at least a subset of the differences between said first and second
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configuration diagrams, and displaying a merged configuration diagram comprising at least a subset of a union of
the first and second configuration diagrams and highlighting (or otherwise graphically indicating) the differences
and/or matches between the first system and the actual system.

The determined differences and/or matches may be used for any of a variety of purposes. For example, the
as noted above, the first configuration diagram may comprise a desired system specification, and the second
configuration diagram may represent an actual system, where user of the actual system may wish to modify the
actual system in accordance with the specification. In some embodiments, the determined differences and/or
matches may be used to place an order for any components needed to bring the actual system into accordance with
the specification, i.e., the configuration diagram, and/or to acquire missing components directly, e.g., via
downloading from a server system. Thus, the method of Figure 5 may further include providing means for enabling
the user to acquire needed but missing components for the actual system.

For example, in one embodiment, software executing on a client computer system, e.g. the users computer
system, and/or software executing on a server computer, e.g. coupled to the client computer, may analyze the
determined differences and may automatically initiate acquisition and/or purchase of the missing (one or more)
components. In one embodiment, the software may automatically order the components without user input, e.g., via
the network (e.g., the Internet), for example, if the user’s billing or payment information (e.g., credit card number,
credit account number, efc.) is already stored or available to the software, In other words, the system may comprise
an e-commerce system that automatically (or at user initiation) orders and purchases the needed components based
on the determined differences. In other embodiments, the user may be presented with a GUI, e.g., displayed on the
client system and provided by the server and/or the client system, prompting the user for input regarding completion
of the actual system. For example, the GUI may display the first configuration diagram, e.g., highlighting those
components that are missing in the actual system, and may prompt the user with a “Complete the system?” message
or equivalent. In response to a positive answer from the user, a search for and/or order of the missing components
may then be performed. For example, one or more quotes for each missing component may be presented to the user,
including, for example, cost, vendor, delivery times, and/or any othér information useful for making a purchase
decision, where the quotes may be retrieved from a database, via a network search engine, or any other source of
quote information. As another example, the user may click on each of the missing components in the diagram,
thereby invoking respective options related to that component, such as, for example, searching for similar
components, ordering the component, etc. The GUI may also facilitate user entry or specification of payment
information for acquiring the components where necessary. Note that in some cases, one or more of the needed
components may be free, e.g., software components available for download from a server, etc.

Where multiple versions of a component are available, selection or priority criteria, possibly specified by
the user, may be used to select among the possible components. The selection criteria may specify desirable
attributes such as cost, performance, manufacturer/vendor, delivery time and/or means, and so forth, which may
guide in the selection of the components.

In other embodiments, at least some user input may be required to acquire the components. For example,
in one embodiment, the client computer system may contact a server computer system to acquire the desired
components. In one embodiment, a GUI may be presented to the user on a display device of the client computer
system (e.g., possibly the GUI of 506 and/or 508 above), where the GUI may be provided by the client computer

system and/or by the server. In one embodiment, the user may specify which components are needed, although in
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other embodiments, the GUI may indicate to the user which components (or component types) are needed by the
actual system to bring it into compliance with the specification, i.e., the configuration diagram.

Thus, the GUI may present user-selectable options for acquiring the components. As one example, the
GUI may simply provide a list of the needed components (possibly numerous versions of each) and contact
information for sources or vendors of the components, e.g., names, addresses, telephone numbers, websites or
URLs, and so forth. As another example, the GUI may present various ordering options and/or means for acquiring
the components, including, for example, user-selectable links for placing orders over a network, e.g., the Internet, or
for downloading software and/or data. In some embodiments, the GUI may present information to help the user
select components, such as, for example, cost, vendor, manufacturer, technical specifications, order fulfillment
times, and so forth. The GUI may also facilitate user entry of payment, billing, or account information needed to
purchase the components, as mentioned above.

In some embodiments, the method (e.g., the server) may automatically determine the sources for candidate
components by accessing an internal or external database, or by searching a network, e.g., the Internet, where, as
noted above, specified selection or priority criteria may be used to guide the search. The user may be prompted to
approve or initiate a suggested order or purchase, or to select from candidate components, after which the order may
be placed, and the component delivered for inclusion in the actual system. For example, in one embodiment, if the
component is a software program or configuration data, the server (or another external server system) may download
the component directly to the client computer system, from which the component may be deployed to the actual
system. As another example, if the actual system (which may include the client computer system) is networked to
the server, the server may automatically download and deploy the component to or on the actual system. In another
embodiment, the server (or another system) may download the component to the client computer system, and the
client computer system may automatically deploy the component to the actual system, e.g., possibly using
installation software downloaded with the component. Thus, the system may be operable to determine missing
components, order and purchase the components, and deploy the components: to the actual system, e. g., in order to
bring the actual system into compliance with the configuration diagram.

It should be noted that in some embodiments, the search may not be performed solely on the basis of each
required individual component. For example, a subset of a system may be represented by a graph structure, and
successive, expanding, subsets of the system may be queried for in the database(s). This user may thus be able to
purchase a sub-system based on the ability of a vendor to have available a connected subset of a system. Similarly,
pricing and other information (e.g., a quote) may be provided for specified subsets of the system.

The user may purchase the different components from different vendors. As noted above, some of the
components may be available for free or download via a network connection. For example, the user may require
driver software and may be able to freely download it and update his actual system. In some cases, the user may
have on hand some of the newly identified missing components, and so may mark these components for exclusion in
the search operation to obtain a quotation.

In one embodiment, if the search is unable to find an exact match, a vendor (e.g., software operating on a
vendor server and/or a human operator, may determine that a modified version of the desired component or
subsystem may be created for the user, and may present this modified solution for consideration by the user. The

vendor may set thresholds for matching in order to be notified when such requests are made. The vendor may be
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able to manually respond to the request by the user in this case where a database query alone may not have resulted
in provision of a valid quotation to the user.

If the component includes hardware, the component may be delivered via any physical means, e.g., mail,
special delivery, etc., after which the user (or someone else) may deploy the component to the actual system. Thus,
one or more of the missing components may be acquired, e.g., via download from the server (or a different server),
e.g., for software, data, etc., and/or via more physical means, such as delivery via any of various delivery or postal

means, e.g., for hardware and/or software/data, etc.

Figure 6 -Method for Merging Configuration Diagrams

Figure 6 illustrates a computer-implemented method for merging configuration diagrams, according to one
embodiment. The method shown in Figure 6 may be used in conjunction with any of the computer systems or
devices shown in the above Figures, among other devices. In various embodiments, some of the method elements
shown may be performed concurrently, in a different order than shown, or may be omitted. Additional method
elements may also be performed as desired. Note that where method elements are essentially the same as those in
the method of Figure 5, the descriptions may be abbreviated. As shown, this method may operate as follows.

First, in 502, information regarding a first configuration diagram may be received, where the first
configuration diagram represents a first system. As indicated in 504, information regarding a second configuration
diagram may also be received, where the second configuration diagram represents a second system. As noted above
with reference to Figure 5, the information regarding the first and second configuration diagrams may be any type of
information related to or characterizing the configuration diagrams and/or the represented systems, including the
configuration diagrams themselves, and/or abstract representations specifying the plurality of interconnected nodes,
and optionally, component or resource attributes, e.g., identification, configuration data, version information,
descriptions, and so forth. Thus, the information for each configuration diagram may include information related to
the corresponding system’s components or resources, and may optionally include: information regarding the
connectivity or associations between the system components or resources.

In 606, the first and second information received in 502 and 504 above may be analyzed to merge the first
and second configuration diagrams, thereby generating a merged configuration diagram. The merged configuration
diagram may represent a “merged” system comprising at least a subset of a union (in the set-theoretic sense) of the
respective components of the first and second systems.

In some embodiments, analyzing the first and second information to merge the first configuration diagram
and the second configuration diagram may include analyzing and merging one or more of: matches and differences
between hardware devices comprised in the first and second systems, matches and differences between programs
comprised in the first and second systems, and matches and differences between configuration data comprised in the
first and second systems.

As an example of hardware differences, in an example application where each configuration diagram
includes a PXI chassis, but where, e.g., the PXT chassis of the first configuration diagram includes two instrument
boards or instrument cards, and the PXI chassis of the second configuration diagram includes three instrument
boards or instrument cards, the method may analyze the sub-components of the PXI chassis, and determine that the

number and/or types of the boards or cards in the chassis differ.

26



10

15

20

25

30

35

40

WO 2006/076639 PCT/US2006/001335

Similar to the method of Figure 5, in some embodiments, matches and differences between programs
comprised in the first and second systems may include matches and differences in one or more of: software
versions, number and types of programs, sub-components of the programs, source code of the programs, deployment
of the programs, and configuration of the programs, among others.

In embodiments where at least a subset of the first plurality of nodes and/or at least a subset of the second
plurality of nodes are interconnected, the determined matches and differences between the first configuration
diagram and the second configuration diagram may also include matches and differences in interconnectivity of
components comprised in the first and second systems, which, depending on the nature of the represented systems,
may include matches and differences in one or more of: physical connectivity between components, data flow
between components, signal flow between components, dependencies between components, and calling
relationships between components.

The analysis and merging of the first and second configuration diagrams may be performed in any of a
variety of ways. For example, as with the method of Figure 5, in one embodiment, the configuration diagrams, or
representations thereof, may be traversed or “walked”, to enumerate their respective components and connections,
e.g., if the configuration diagrams are represented by respective graphs (nodes and edges), each graph may be
traversed, where each node and connection is recorded, e.g., in respective lists. The resulting lists may then be
analyzed and compared, e.g., removing redundancies between the two lists, and the merged configuration diagram
generated based on the results. Thus, in some embodiments, the analyzing may include creating one or more data
structures which include information regarding the first plurality of nodes in the first configuration diagram and the
second plurality of nodes in the second configuration diagram. Determining matches and differences may then
include comparing the one or more data structures to determine the matches and differences. Thus, the one or more
data structures may each comprise directed graphs comprising a plurality of vertices connected by edges, where each
of said vertices represents one of the nodes in a respective one of the first and second configuration diagrams.

In another embodiment, the merged configuration diagram may be generated as the first and second
diagrams are traversed or walked, obviating the intermediate lists. For example, each configuration diagram may be
traversed at least partially to determine a common component or resource, and then both diagrams may be traversed
starting with the common component in each. The method may then walk the respective configuration diagrams (or
representations, e.g., graphs, data structures, etc.), adding and connecting components in a new configuration
diagram (the merged configuration diagram) corresponding to those encountered in the traversals of the first and
second configuration diagrams, Note that where the same components are encountered in the first and second
configuration diagrams, only one corresponding component may be added to the merged configuration diagram,
thereby avoiding redundancies in the merged configuration diagram.

In some embodiments, the information received in 502 and 504 above may comprise lists of components or
resources, as well as lists of connections between the components or resources. The analysis may then include
analyzing and merging the lists, then generating the merged configuration diagram based on the merged list. Of
course, depending upon the type and form of the received information, any other type of comparison and analysis
may be made as appropriate to generate the merged configuration diagram.

In some embodiments, the merged configuration diagram may be generated by modifying the first or
second configuration diagram, i.e., adding any “different” nodes and/or connections to the configuration diagram,

where the affiliation of each of the nodes and/or connections may be indicated, e.g., the first or second configuration
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diagram. In some embodiments, a temporary third configuration diagram may be produced and used to update or
modify the first or second configuration diagram.

For example, in one embodiment, when performing the merge operation the user may first presented with a
list of differences between the two diagrams. The user may select one of the first or second diagrams as the “basis”
or starting point for the merged configuration diagram. This may be selected automatically (or be suggested to the
user) based on the diagram requiring the least changes to create the merged diagram.

As an example application, the first diagram may be a configuration diagram that defines a temperature
monitoring system configured to sample the temperature at 5 measurements/second. The second diagram may be a
temperature monitoring and control system, where additional hardware is required but the sampling rate is 2
measurements/second, in which case the second diagram may be suggested based on the sample rate. Note that the
calculation of “least changes” may be somewhat complex or subtle. For example, in one embodiment, the method
may weight different aspects of the differences (configurable by a user), where configuration changes may be
considered less work then replacing hardware components or altering device or network connections. Once the
“basis” diagram is selected it may serve as a starting point for creation of the merged configuration diagram, where
the merged diagram visually highlights the areas in conflict between the original two diagrams.

Alternatively, the merged configuration diagram may be generated as a new configuration diagram. In
some embodiments, the method may include receiving user input specifying the generation of the merged
configuration diagram. For example, the user may specify that the first configuration diagram is to be modified to
generate the merged diagram.

For example, assume that the user selects the first diagram to be the basis. For nodes that are unique to the
second diagram an icon may be added to the merged diagram to indicate completely new entities not present in the
basis that should be considered. The user may select one or more of the highlighted differences in the merged
configuration diagram and may initiate application of the changes from either the first or the second diagram.
Applying such changes between the first or second diagram may result in the original graph structure and
connections becoming invalid. In these cases the user may be provided with additional help to resolve these broken
links.

In some embodiments, e.g., the merged configuration diagram may be generated in accordance with user-
specified criteria or guidelines. In other words, analyzing the first and second information to determine differences
and/or matches between the configuration diagrams may be performed in accordance with specified difference
and/or match criteria, examples of which are described above with reference to the method of Figure 5. In some
embodiments, the criteria may be specified by the user. Thus, the method may include receiving user input
specifying the difference and/or match criteria, e.g., via a graphical user interface (GUI).

As also described above with reference to the method of Figure 5, in another example, the user may specify
a particular view, e.g., hardware, software, and/or configuration information, to which the merged diagram may be
directed. Thus, for example, if the user (or a default setting) specifies a software view, the merged configuration
diagram may only include or represent software components of the merged system. Similarly, if a hardware view is
specified, the merged configuration diagram may only include or represent hardware components of the merged
system.

As also described above, in some embodiments, the user may specify some portion of the configuration

diagram for the analysis, where only the specified portion may be compared to the actual system, e.g., the user may
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select components (and/or interconnections) by clicking on them with a pointing device, e.g., a mouse, by drawing a
selection rectangle (or other shape) around the portion, or otherwise indicating the portion to be analyzed (diffed
and/or merged), and so the method may be selectively applied to sub-systems, which may be beneficial when
working with complex systems.

In some embodiments, the user may specify a tolerance for the determination of matches and differences
between components, which may in turn determine whether two similar components in the two diagrams should be
merged into a single component in the merged diagram. For example, the user may specify that in cases where two
hardware components (each from or represented in a respective configuration diagram) are identical but for software
(e.g., including firmware and/or hardware configuration programs), the merged configuration diagram may only
include one corresponding hardware component. However, as noted above with reference to the method of Figure
5, in some embodiments, the merged configuration diagram may include information indicating the software
differences between the two original components, e.g., text displayed adjacent to the component icon in the diagram,
optionally in response to user input, e.g., right-clicking on the component icon, or, as another example, the user may
specify that the process not distinguish between software versions.

Similar to that described above with reference to the method of Figure 5, in one approach, a difference or
matching score may be computed, e.g., based on similarities or differences between the components, where
exceeding a tolerance threshold may determine whether two components match. This threshold may be set to reflect
a specified tolerance. Thus, in various embodiments, the user may specify a tolerance level or schema regarding
matches and differences between components represented in the configuration diagrams.

More generally, as noted above with reference to Figure 5, in various embodiments, the user may specify
various criteria, e.g., tolerance levels, priority, or schema regarding differences between components of the first
system and the actual system, and a merged configuration diagram may be generated in accordance with the criteria.
The merged configuration diagram may then be generated in accordance with the specified criteria. Note that these
criteria described above with respect to generation of the merged configuration diagram may also be applied in
embodiments where the differences and/or matches are determined but no merged configuration diagram is
generated.

In one embodiment, undo and redo functionality for the diff/merge processes described above may be
provided. For example, user interactions and responsive actions performed by the system and method described
herein, collectively referred to as “actions”, may be recorded, e.g., in a stack or other data structure, in the order
performed, allowing the user to undo or retract actions in reverse order from that of their performance. This
recorded sequence of actions may also be used to provide redo functionality, where actions or events undone by the
undo functionality may be redone as desired.

Note that in various embodiments, the actions may be recorded as respective state information describing
the state of the diffed/merged configuration diagram(s) before and/or resulting from the action. For example, in one
embodiment, each stored action may have an associated “diff’ record, indicating the change of state of the
diffed/merged corresponding to each action. In another embodiment, backup copies of the configuration diagram(s),
and/or auxiliary information, e.g., diff/merge configuration information, corresponding to each recorded action may
be stored.

In yet another embodiment, the actions may be recorded as respective information whereby the system may

access the functions that perform the actions and/or inverse functions for undoing the actions, e.g., function codes or
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pointers, and operands of the functions. Note that in various embodiments, the undo/redo functionality may apply to
any actions of the diff/merge process as desired, including configuration steps, etc. The information stored for each
recorded action may be referred to as diff/merge information. Further information regarding one embodiment of
undo/redo functionality may be found in U.S. Patent No. 5,990,906 titled “Undo Feature for a Graphical
Programming System”, which was incorporated by reference above.

In 608, the generated merged configuration diagram may be displayed on a display device, e.g., a computer
monitor, printer, etc. There are numerous ways in which the merged configuration diagram may be displayed, any
of which may be used as desired. For example, as indicated above with reference to Figure 5, in one embodiment,
the merged configuration diagram may be displayed where nodes and/or connections common to both configuration
diagrams, and/or those exclusive to each configuration diagram may be graphically displayed in such as way as to
distinguish between them, e.g., via color, line-style, labels, and so forth.

In some embodiments, the merged configuration diagram may be indicated textually, e.g., as lists or tables
of components and optionally, their connectivity. For example, names of components (and optionally, connectivity)
may be grouped according to their configuration diagram affiliation, including a “common” group comprising those
common to both configuration diagrams. Any other means of displaying the merged configuration diagram are also
contemplated, including, for example, combinations of textual and graphical representations. For example,
displaying the merged configuration diagram may also include graphically indicating the matches and differences
between the first and second configuration diagrams in the merged configuration diagram, and/or displaying a
textual description of matches and differences between the first and second configuration diagrams. In one
embodiment, graphically indicating the matches and differences between the first and second configuration diagrams
in the merged configuration diagram may include highlighting the differences between the first and second
configuration diagrams in the merged configuration diagram.

Note that the merged configuration diagram may be used for any of a variety of purposes, including any of
those described above with respect to the determined differences and/or matches of Figure 5, including facilitating
the search for, and optional ordering and purchasing of missing components required to complete one or both of the

systems represented by the configuration diagrams, as described in detail above.

Figure 7 — Example Merged Configuration Diagram

Figure 7 illustrates one embodiment of a merged configuration diagrams for representing differences and/or
matches between the configuration diagram representing the first system, and an actual system. More specifically,
Figure 7 illustrates an embodiment where a configuration diagram similar to that of Figure 4F has been compared to
an actual system, and the differences presented in a merged configuration diagram, according to one embodiment.

As Figure 7 shows, this example merged configuration diagram is directed to a distributed hardware system
using a broad variety of hardware devices or components. The merged configuration diagram may be generated as
part of the comparison method described above in Figure 5, e.g., in method elements 506 and/or 508, or as part of
the method of Figure 6, e.g., in method element 606. In this particular case, the configuration diagram representing
the first system and the actual system differ in their respective components in that the configuration diagram
includes a GPIB device which the actual system does not, whereas the actual system includes a PXI Real-Time
chassis which the configuration diagram does not. These differences are indicated in the merged configuration

diagram via dashed lines outlining the components not common to both systems. Note that in this exemplary
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embodiment, the two differences are denoted and distinguished by respective dashed line-styles, where the long-
dashed line indicates that the component (the GPIB device) is included in the configuration diagram (e.g., in the first
system) but missing from the actual system, and the short-dashed line indicates that the component (the PXI chassis)
is included in the actual system, but missing from the configuration diagram. In other words, as the differences
legend indicates, the different dashed lines indicate from which system (the first system represented by the
configuration diagram or the actual system) the component is missing (or different).

Thus, a user may quickly ascertain from the merged configuration diagram of Figure 7 where the two
systems differ, and may then decide whether the differences require modification of the actual system (or the system
specified by the configuration diagram, i.e., the first system). Of course, as described above, in other embodiments,
the differences may be indicated in any of a variety of ways, including, for example, using graphical indications such
as highlighting, color, outline, style, labels, and so forth, or textual means, such as tables, lists, descriptions, etc., as
desired.

Although the embodiments above have been described in considerable detail, numerous variations and
modifications will become apparent to those skilled in the art once the above disclosure is fully appreciated. It is

intended that the following claims be interpreted to embrace all such variations and modifications.
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Claims

1. A computer-accessible memory medium storing program instructions for merging configuration
diagrams, wherein the program instructions are executable by a processor to perform:

receiving first information regarding a first configuration diagram, wherein the first configuration diagram
comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first system;

receiving second information regarding a second configuration diagram, wherein the second configuration
diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically represents a
second system;

analyzing the first and second information to merge the first configuration diagram and the second
configuration diagram, thereby generating a merged configuration diagram; and

displaying the merged configuration diagram on a display device.

2. The memory medium of claim 1, wherein at least a subset of the nodes of the first configuration
diagram and at least a subset of the nodes of the second configuration diagram correspond respectively to
components in the first and second systems, and wherein the components comprise one or more of:

hardware devices;

programs; and

configuration data.

3. The memory medium of claim 1,
wherein one or more of the first plurality of nodes correspond to hardware devices in the first system; and
wherein one or more of the second plurality of nodes correspond to hardware devices in the second system.
4. The memory medium of claim 1,
wherein the first plurality of nodes comprise:

one or more nodes corresponding to hardware devices in the first system; and

one or more nodes corresponding to programs in the first systern;
wherein the second plurality of nodes comprise:

one or more nodes corresponding to hardware devices in the second system; and

one or more nodes corresponding to programs in the second system.

5. The memory medium of claim 1, wherein said analyzing the first and second information to merge
the first configuration diagram and the second configuration diagram comprises analyzing and merging one or more
of:

matches and differences between hardware devices comprised in the first and second systems;

matches and differences between programs comprised in the first and second systems; and

matches and differences between configuration data comprised in the first and second systems.
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6. The memory medium of claim 5, wherein at least a subset of the first plurality of nodes and/or at
least a subset of the second plurality of nodes are interconnected, and wherein the matches and differences between
the first configuration diagram and the second configuration diagram further comprise:

matches and differences in interconnectivity of components comprised in the first and second systems.

7. The memory medium of claim 6, wherein said matches and differences in interconnectivity of
components comprised in the first and second systems comprise matches and differences in one or more of:

physical connectivity between components;

data flow between components;

signal flow between components;

dependencies between components; and

calling relationships between components.

8. The memory medium of claim 5, wherein said matches and differences between hardware devices
comprised in the first and second systems comprise matches and differences in one or more of:

number and types of the hardware devices;

sub-components of the hardware devices; and

configuration of the hardware devices.

9. The memory medium of claim 5, wherein said matches and differences between programs
comprised in the first and second systems comprise matches and differences in one or more of:

software versions;

number and types of programs;

sub-components of the programs;

source code of the programs;

deployment of the programs; and

configuration of the programs.

10. The memory medium of claim 1, wherein the information regarding the first configuration
diagram comprises one or more of:

the first configuration diagram;

a graph of the first configuration diagram;

a description of the first configuration diagram; and

a data structure specifying the first configuration diagram.

11. The memory medium of claim 1, wherein said analyzing the first and second information to merge
the first configuration diagram and the second configuration diagram comprises:

traversing the first configuration diagram and the second configuration diagram to determine matches and
differences between the first configuration diagram and the second configuration diagram; and

generating the merged configuration diagram based on the determined matches and differences.
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12. The memory medium of claim 1, wherein said analyzing comprises:

creating one or more data structures which includes information regarding said first plurality of nodes in
the first configuration diagram and the second plurality of nodes in the second configuration diagram;

wherein said determining matches and differences comprises comparing the one or more data structures to

determine the matches and differences.

13. The memory medium of claim 12, wherein the one or more data structures each comprise directed
graphs comprising a plurality of vertices connected by edges, wherein each of the vertices represents one of the

nodes in a respective one of the first and second configuration diagrams.

14. The memory medium of claim 1, wherein said displaying the merged configuration diagram
further comprises one or more of:

graphically indicating the matches and differences between the first and second configuration diagrams in
the merged configuration diagram; and

displaying a textual description of matches and differences between the first and second configuration

diagrams.

15. The memory medium of claim 1, wherein said graphically indicating the matches and differences
between the first and second configuration diagrams in the merged configuration diagram comprises:
highlighting the differences between the first and second configuration diagrams in the merged

configuration diagram.

16. The memory medium of claim 1, wherein the first system comprises an actual system, and wherein
said receiving first information regarding the first system comprises:
querying the first system to determine the plurality of components; and

receiving the first information regarding the first system in response to said querying.

17. The memory medium of claim 1, wherein the second system comprises an actual system, and
wherein said receiving second information regarding the second system comprises:
querying the second system to determine the plurality of components; and

receiving the second information regarding the second system in response to said querying.

18. The memory medium of claim 1, wherein said analyzing the first and second information to
determine differences and/or matches between the configuration diagram and the actual system is performed in

accordance with specified difference and/or match criteria.

19. The memory medium of claim 18, wherein specified difference and/or match criteria comprise one
or more of:
tolerance;
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category;
cost; and

performance.

20. The memory medium of claim 18, wherein the program instructions are further executable by a
processor to perform:

receiving user input specifying the difference and/or match criteria.

21. The memory medium of claim 20,

wherein the user input specifying the difference and/or match criteria comprises user input specifying a
portion of the first and/or second configuration diagrams to analyze; and

wherein said analyzing and said displaying are performed with respect to the specified portion of the first

and/or second configuration diagrams.

22. The memory medium of claim 21, wherein the program instructions are further executable by a
processor to perform:
receiving user input initiating said analyzing and said displaying, wherein said analyzing and said

displaying are performed in response to said initiating.

23. The memory medium of claim 22, wherein the program instructions are further executable by a
processor to perform:

storing diff/merge information for each of a plurality of actions performed by the user and/or by the
memory medium; and

receiving user input invoking one or more undo operations based on the stored diff/merge information,

wherein the one or more undo operations correspond respectively to one or more of the plurality of actions.

24. The memory medium of claim 23, wherein the program instructions are further executable by a
processor to perform:

receiving user input invoking one or more redo operations based on the stored diff/merge information,
wherein the one or more redo operations correspond respectively

renumber

25. The memory medium of claim 1, wherein the first configuration diagram comprises a specification
for a desired system, wherein the second system comprises an actual system, and wherein the merged configuration
diagram indicates one or more components represented in the first configuration diagram but missing from the actual
system, wherein the program instructions are further executable by a processor to perform:

searching for the one or more components based on the indicated one or more components, wherein the one

or more components are operable to be included in the actual system.
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26. The memory medium of claim 25, wherein the program instructions are further executable by a
processor to perform:

indicating the one or more components on the display device.

27. The memory medium of claim 25, wherein the program instructions are further executable by a
processor to perform:

initiating acquisition of the one or more components.

28. The memory medium of claim 27, wherein the program instructions are further executable by a
processor to perform:

receiving payment information for purchase of the one or more components.

29. The memory medium of claim 27, wherein said initiating acquisition of the one or more
components is performed:
automatically; or

in response to user input requesting purchase of the one or more components.

30. The memory medium of claim 27, wherein the program instructions are further executable by a
processor to perform:
downloading one or more software and/or data components to a client computer system for deployment to

the actual system.

31. The memory medium of claim 30, wherein the program instructions are further executable by a

processor to perform:

automatically deploying the one or more software and/or data components to the actual system.

32. The memory medium of claim 27, wherein the program instructions are further executable by a

processor to perform:

automatically arranging delivery of the one or more components for inclusion in the actual system.

33. The memory medium of claim 1, wherein said analyzing and said displaying the merged
configuration diagram on a display device are performed:
automatically; or

in response to user input requesting said analyzing.

34. A system for merging configuration diagrams, the system comprising:
a processor; and

a memory medium coupled to the processor; and

a display device;

wherein the memory stores program instructions executable by the processor to:
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receive first information regarding a first configuration diagram, wherein the first configuration
diagram comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first
system;

receive second information regarding a second configuration diagram, wherein the second
configuration diagram comprises a second plurality of nodes, wherein the second configuration diagram ‘graphically
represents a second system;

analyze the first and second information to merge the first configuration diagram and the second
configuration diagram, thereby generating a merged configuration diagram; and

display the merged configuration diagram on a display device.

35. A system for merging configuration diagrams, the system comprising:

means for receiving first information regarding a first configuration diagram, wherein the first configuration
diagram comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first
system,

means for receiving second information regarding a second configuration diagram, wherein the second
configuration diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically
represents a second system;

means for analyzing the first and second information to merge the first configuration diagram and the
second configuration diagram, thereby generating a merged configuration diagram; and

means for displaying the merged configuration diagram on a display device.

36. A method for merging configuration diagrams, comprising:

receiving first information regarding a first configuration diagram, wherein the first configuration diagram
comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first system;

receiving second information regarding a second configuration diagram, wherein the second configuration
diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically represents a
second system;

analyzing the first and second information to merge the first configuration diagram and the second
configuration diagram, thereby generating a merged configuration diagram; and

displaying the merged configuration diagram on a display device.

37. A computer-accessible memory medium storing program instructions for merging configuration
diagrams, wherein the program instructions are executable by a processor to perform:

receiving first information regarding a first configuration diagram, wherein the first configuration diagram
comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first system,
wherein one or more of the first plurality of nodes correspond to hardware devices in the first system;

receiving second information regarding a second configuration diagram, wherein the second configuration
diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically represents a
second system, wherein one or more of the second plurality of nodes correspond to hardware devices in the second

system;
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analyzing the first and second information to merge the first configuration diagram and the second
configuration diagram, thereby generating a merged configuration diagram; and

displaying the merged configuration diagram on a display device.

38. The memory medium of claim 37, wherein the first system and/or the second system each

comprises a measurement system.

39. A computer-accessible memory medium storing program instructions for determining differences
between configuration diagrams, wherein the program instructions are executable by a processor to perform:

recetving first information regarding a first configuration diagram, wherein the first configuration diagram
comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first system;

receiving second information regarding a second configuration diagram, wherein the second configuration
diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically represents a
second system;

analyzing the first and second information to determine differences between the first configuration diagram
and the second configuration diagram; and

displaying an indication of the differences on a display device.

40. The memory medium of claim 39, wherein at least a subset of the nodes of the first configuration
diagram and at least a subset of the nodes of the second configuration diagram correspond respectively to
components in the first and second systems, and wherein the components comprise one or more of:

hardware devices;

programs; and

configuration data.

41. The memory medium of claim 39,
wherein one or more of the first plurality of nodes correspond to hardware devices in the first system; and

wherein one or more of the second plurality of nodes correspond to hardware devices in the second system.

42, The memory medium of claim 39,

wherein the first plurality of nodes comprise:
one or more nodes corresponding to hardware devices in the first system; and
one or more nodes corresponding to programs in the first system;

wherein the second plurality of nodes comprise:
one or more nodes corresponding to hardware devices in the second system; and

one or more nodes corresponding to programs in the second system.

43, The memory medium of claim 39, wherein the differences between the first configuration diagram
and the second configuration diagram comprise one or more of:

differences between hardware devices comprised in the first and second systems;
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differences between programs comprised in the first and second systems; and

differences between configuration data comprised in the first and second systems,

44, The memory medium of claim 43, wherein at least a subset of the first plurality of nodes and/or at
least a subset of the second plurality of nodes are interconnected, and wherein the differences between the first
configuration diagram and the second configuration diagram further comprise:

differences in interconnectivity of components comprised in the first and second systems.

45, The memory medium of claim 44, wherein said differences in interconnectivity of components
comprised in the first and second systems comprise differences in one or more of:

physical connectivity between components;

data flow between components;

signal flow between components;

dependencies between components; and

calling relationships between components.

46. The memory medium of claim 43, wherein said differences between hardware devices comprised
in the first and second systems comprise differences in one or more of:

number and types of the hardware devices;

sub-components of the hardware devices; and

configuration of the hardware devices.

47. The memory medium of claim 43, wherein said differences between programs comprised in the
first and second systems comprise differences in one or more of:

software versions;

number and types of programs;

sub-components of the programs;

source code of the programs;

deployment of the programs; and

configuration of the programs.

48. The memory medium of claim 39, wherein the information regarding the first configuration
diagram comprises one or more of?

the first configuration diagram;

a graph of the first configuration diagram;

a description of the first configuration diagram; and

a data structure specifying the first configuration diagram.

49, The memory medium of claim 39, wherein said analyzing the first and second information to

determine differences between the first configuration diagram and the second configuration diagram comprises:
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traversing the first configuration diagram and the second configuration diagram to determine the

differences.

50. The memory medium of claim 39, wherein said displaying an indication of the differences
on a display device comprises one or more of:

displaying a textual description of each of said differences;

displaying at least one of said first and second configuration diagrams and highlighting at least a subset of
the differences between said first and second configuration diagrams; and

displaying a merged configuration diagram comprising at least a subset of a union of the first and second
configuration diagrams and graphically indicating the differences between the first and second configuration

diagrams.

51. The memory medium of claim 39, wherein said analyzing comprises:

creating one or more data structures which include information regarding the first plurality of nodes in the
first configuration diagram and the second plurality of nodes in the second configuration diagram;

wherein said determining differences comprises comparing the one or more data structures to determine the

differences.

52. The memory medium of claim 51, wherein the one or more data structures each comprises a
directed graph comprising a plurality of vertices connected by edges, wherein each of the vertices represents one of

the nodes in a respective one of the first and second configuration diagrams.

53. The memory medium of claim 39, wherein the first system comprises an actual system, and
wherein said receiving first information regarding the first system comprises:
querying the first system to determine the plurality of components; and

receiving the first information regarding the first system in response to said querying.

54. The memory medium of claim 39, wherein the second system comprises an actual system, and
wherein said receiving second information regarding the second system comprises:
querying the second system to determine the plurality of components; and

receiving the second information regarding the second system in response to said querying.

55. The memory medium of claim 39, wherein said analyzing the first and second information to
determine differences and/or matches between the first configuration diagram and the second configuration diagram

is performed in accordance with specified difference and/or match criteria.

56. The memory medium of claim 55, wherein specified difference and/or match criteria comprise one
or more of:
tolerance;

category;
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cost;
performance; and

specified subsets of the first and second configuration diagrams for said analyzing.

57. The memory medium of claim 55, wherein the program instructions are further executable by a
processor to perform:

receiving user input specifying the difference and/or match criteria.

58. The memory medium of claim 57,

wherein the user input specifying the difference and/or match criteria comprises user input specifying a
portion of the first and/or second configuration diagrams to analyze; and

wherein said analyzing and said displaying are performed with respect to the specified portion of the first

and/or second configuration diagrams.

59. The memory medium of claim 58, wherein the program instructions are further executable by a
processor to perform:
receiving user input initiating said analyzing and said displaying, wherein said analyzing and said

displaying are performed in response to said initiating.

60. The memory medium of claim 59, wherein the program instructions are further executable by a
processor to perform:

storing diff/merge information for each of a plurality of actions performed by the user and/or by the
memory medium; and

receiving user input invoking one.or more undo operations based on the stored diff/merge information,

wherein the one or more undo operations correspond respectively to one or more of the plurality of actions.

61. The memory medium of claim 60, wherein the program instructions are further executable bya
processor to perform:
receiving user input invoking one or more redo operations based on the stored diff/merge information,

wherein the one or more redo operations correspond respectively to one or more of the one or more undo operations.

62. The memory medium of claim 39, wherein the first configuration diagram comprises a
specification for a desired system, wherein the second system comprises an actual system, and wherein said
displaying indicates one or more components represented in the first configuration diagram but missing from the
actual system, wherein the program instructions are further executable by a processor to perform:

searching for the one or more components based on the indicated one or more components, wherein the one

or more components are operable to be included in the actual system.

63. The memory medium of claim 62, wherein the program instructions are further executable by a

processor to perform:
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indicating the one or more components on the display device.

64. The memory medium of claim 62, wherein the program instructions are further executable by a
processor to perform:

initiating acquisition of the one or more components.

65. The memory medium of claim 64, wherein the program instructions are further executable by a
processor to perform:

receiving payment information for purchase of the one or more components.

66. The memory medium of claim 64, wherein said initiating acquisition of the one or more
components is performed:
automatically; or

in response to user input requesting purchase of the one or more components.

67. The memory medium of claim 64, wherein the program instructions are further executable by a
processor to perform:
downloading one or more software components to a client computer system for deployment to the actual

system.

68. The memory medium of claim 67, wherein the program instructions are further executable by a
processor to perform:

automatically deploying the one or more software components to the actual system.

69. The memory medium of claim 67, wherein the program instructions are further executable bya
processor to perform:

automatically arranging delivery of the one or more components for inclusion in the actual system.

70. The memory medium of claim 39, wherein said analyzing and said displaying an indication of the
differences on a display device are performed:
automatically; or

in response to user input requesting said analyzing.

71. The memory medium of claim 39, wherein the first system and the second system each comprises

one or more of:
an industrial automation system;
a process control system; and

a test and measurement system.,

72. A system for determining differences between configuration diagrams, the system comprising:
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a processor; and
a memory medium coupled to the processor; and
a display device;
wherein the memory stores program instructions executable by the processor to:
receive first information regarding a first configuration diagram, wherein the first configuration
diagram comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first
system;
receive second information regarding a second configuration diagram, wherein the second
configuration diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically
represents a second system,
analyze the first and second information to determine differences between the first configuration
diagram and the second configuration diagram; and

display an indication of the differences on a display device.

73. A system for determining differences between configuration diagrams, the system comprising:

means for receiving first information regarding a first configuration diagram, wherein the first configuration
diagram comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first
system,

means for receiving second information regarding a second configuration diagram, wherein the second
configuration diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically
represents a second system;

means for analyzing the first and second information to determine differences between the first
configuration diagram and the second configuration diagram; and

means for displaying an indication of the differences on-a display device.

74. A method for determining differences between configuration diagrams, comprising:

receiving first information regarding a first configuration diagram, wherein the first configuration diagram
comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first system;

receiving second information regarding a second configuration diagram, wherein the second configuration
diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically represents a
second system;

analyzing the first and second information to determine differences between the first configuration diagram
and the second configuration diagram; and

displaying an indication of the differences on a display device.

75. A computer-accessible memory medium storing program instructions for determining differences
between configuration diagrams, wherein the program instructions are executable by a processor to perform:

receiving first information regarding a first configuration diagram, wherein the first configuration diagram
comprises a first plurality of nodes, wherein the first configuration diagram graphically represents a first system,

wherein one or more of the first plurality of nodes correspond to hardware devices in the first system;
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receiving second information regarding a second configuration diagram, wherein the second configuration
diagram comprises a second plurality of nodes, wherein the second configuration diagram graphically represents a
second system, wherein one or more of the second plurality of nodes correspond to hardware devices in the second
system,;

analyzing the first and second information to determine differences between the first configuration diagram
and the second configuration diagram; and

displaying an indication of the differences on a display device.

76. The method of claim 75, wherein the first system and/or the second system each comprises a measurement

system.

44



WO 2006/076639 PCT/US2006/001335

1/19

Computer System
82

Figure 1A




WO 2006/076639

PCT/US2006/001335
2/19
]
£
@
Gt
[92]
>
[}
O
Q [@)]
o]
Q.
= E
m == 0o
LLNEE
L r::g’l
m
@ —
c
po.
8 o
= )
zZ o2
< L
=
Z
< '
1

82

computer system




PCT/US2006/001335

WO 2006/076639

3/19

og!
j0.3U0) UOHO

8El S
&

uomsinboy
@@ abeu]

spieog uonisinbay
ele-ul-onid

3JEM]I0S
0l

yiomlaN

SjUBLUNISUY|
paeseg-iaindLiod

00} \A

13



PCT/US2006/001335

WO 2006/076639

4/19

J0JJU0D)
UONOW

OS\«

gel
_% uonisinboy

33900l
worg S
A avad
ainssald S5 T
aimesadws ]

05}

|0Jju0)
snInuS

BujuofIpuoD

eoS |eubis
78l spieod vek
1215 EW%%%%M juodpel
a8l



PCT/US2006/001335

WO 2006/076639

5/19

¢ ainbi

9Lt
R \/ 7)1 snd gid9
/
yiL o - —
981 pIBD zch 8l 08}
XA uosINboy pieD €1d9 oAld PIEH 0PI
B Bje(
\f 0/ sng uosuedxy u
7
991
1sjjouo) sng

\ PR

\ 291 sng 150H

/

oL aoT
Jafjonuon
AJOWwB Ndo
| N
901 A%
AloWwsip Uiy




WO 2006/076639 PCT/US2006/001335
6/19

Wﬁj‘(ieramhy window [ [E[[Z[J

File Edit Yiew Tools Browse “indow Help

412 SHAH _s
\74 H %\402

[N / “c;»\
, \\_4'
404 / \ \\% .E\"‘"»..A
a ] J o a ““ [?,, _ﬁ"
—E ) ko) R
04b / L 4044
404c -
Betal 4] ] 2
Fig. 4A
@Hierarchy Window (= ]\D[[X:[J

File Edt View Tools Browse Window Help

o o

nE
4012 —j

oo e o
| Tl (e T
404d ~— /‘:f a| |5

~— 404c

404d1 —| 404

A

Betal 4] ]

Fig. 48



WO 2006/076639 PCT/US2006/001335

7/19
@ Hierarchy Window Y] E)_(_jj
File Edit “iew Toole Browss ‘Window Help
IR
]
&
) A mw
ANE
/ R
/ A\‘. "\«\\
it KA
L Z Te o
4023 “”/’qﬁl *{Er’\ 8 & 0 ™ »_a‘-:
& N\ 404a
~,
\"-.
W 7] b E2
LB & LI
\ ;
Betal 4] \X T+l 4
L 40402




WO 2006/076639 PCT/US2006/001335

8/19
@ Hierarchy Window - lll'_'ll]

File Edit

:_\

Bzl || lae| B
402a & = M B n @

N K




PCT/US2006/001335

WO 2006/076639

9/19

leLes

191qnH

ovd
eusRyl

owi]-esy

yjoolenig _

PRt
ﬂm
=

ooooo

Je1se0 |

BUILIpy BB

S
HcmEm‘_:mwm.E

v6el
asn
O/l [BH3S
aldo
10d



PCT/US2006/001335

WO 2006/076639

10/19

o bi

v\_tAﬁ

12001

Y -
bay T,
KA
~M3__um n_Fd 0S| oot Pt
B /

YL ou3g)

degH Kon,.‘_._mﬂ aspolg  $00T

1]
T8 14183

B RE

meld P33 A

mopulss dyoseraiH £

[EE




PCT/US2006/001335

WO 2006/076639

11/19

Hy b4

sbe |

B
Anoes

ar |

on

aAoway

oy sbupjes AdoD

4  >HOMION 4 uoneinByuo)

welBelq uoneinbyuod




PCT/US2006/001335

WO 2006/076639

12/19

/¥ Dl

(40X
OV

Cealpadn

..Mﬂﬁ;ﬁ_

A\
LIV

Meu ppy <a——
NdH <
dwio | ~a—j

2INSSoI <

0lQ <—

Mu' ov BE]|[eSililslg)

R

ZAT

[~

DRAEE

¢Sy raloet Jdl
0X 1d MIINGET
Jojeqsiujupy sebsjinud
L18}]]01u0D

jpued SWaslsAS




WO 2006/076639 PCT/US2006/001335
13/19

receive first information regarding a first
configuration diagram
502

!

receive second information regarding a
second configuration diagram
504

!

analyze the first and second information to
determine differences between the first and
second configuration diagrams
506

Y

display the determined differences between
the first and second configuration diagrams on
a display
508

Figure 5



WO 2006/076639 PCT/US2006/001335
14/19

receive first information regarding a first
configuration diagram
502

!

receive second information regarding a
second configuration diagram
504

!

analyze the first and second information to
merge the first and second configuration
diagrams, generating a merged configuration
diagram
606

¥

display the merged configuration diagram on a
display
608

Figure 6



PCT/US2006/001335

WO 2006/076639

15/19

1919nH

wie)sAs [emoe

................... 01 108dsal yim

wesBelp uoEINByuod
o1 10adsal yim

[

puebaT soouateid

| pueben s

ova ———

eIyl |

W) | U

/ bl

BRI

==
==l

_
ED

<~/
18]SB0 |
pedovd

RS
JusuiaInsea|y

g0
peel
asn

O/l [eusS
aido

10d

ssajaliM

19)SBO ]
juiodpleid
d 1 1]}

G

sueag Ajer

Buiipy ee



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/001335

A. CLASSIFICATION OF SUBJECT MATTER
INV. GO6F9/445

1 According to Intemational Patent Classification (IPC) or to both national classification and IPC

| B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6F

1 Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, IBM-TDB, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* { Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2004/153869 Al (MARINELLI CLAUDIO ET 39-76
AL) 5 August 2004 (2004-08-05)
the whole document

X HENRIK B RBAK CHRISTENSEN: - 1-76
"MODULARISATION OF SOFTWARE CONFIGURATION
MANAGEMENT"

MODULAR PROGRAMMING LANGUAGES. JOINT
MODULAR LANGUAGES CONFERENCE, JMLC 2000,
[Online] 6 September 2000 (2000-09-06),
pages 1-13, XP002380994

ZURICH, SWITZERLAND

[retrieved on 2006-05-15]

page 2, Tine 28 - page 3, line 29

page 8, line 21 - page 9, line 39

_____ .

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

B gort “T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international X" document of particular relevance; the claimed invention
filing date o cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another “y* document of particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvicusto a person skilled
“P" document published prior to the international filing date but inthe art,
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of maliling of the international search report
22 May 2006 21/06/2006

’ Name and mailing address of the ISA/ Authorized officer

i European Patent Office, P.B. 5818 Patentlaan 2
\ NLz 2280 H)V Rijswijk |
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Knapczyk, F

Farm PCT/ISA/210 (second shest) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/001335

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

.| Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 6 138 270 A (HSU ET AL)

24 October 2000 (2000-10-24)

the whole document

KRAMER J ET AL: "GRAPHICAL CONFIGURATION
PROGRAMMING"

COMPUTER, IEEE SERVICE CENTER, LOS
ALAMITOS, CA, US,

vol. 22, no. 10,

1 October 1989 (1989-10-01), pages 53-65,
XP000072735

ISSN: 0018-9162

page 53, left-hand column, 1line 1 - page
58, right-hand column, line 26

US 6 327 617 B1 (FAWCETT PHILIP E)

4 December 2001 (2001-12-04)

abstract :

column 2, Tine 39 - column 3, line 57
column 6, line 11 - line 49

column 7, Tine 39 - column 8, Tline 56
column 10, 1ine 25 - Tine 42

column 10, Tine 65 - column 11, Tine 5

1-76

1-76

25-32,
62-69

Form PCT/ISA/210 {continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internationat application No

PCT/US2006/001335
Patent document Publication Patent family Publication

cited in search report date . member(s) .date
US 2004153869 Al 05-08-2004 CA 2442559 Al 31-10-2002
W0 02086696 A2 31-10-2002
EP 1380134 A2 14-01-2004
- GB 2374687 A 23-10-2002
JP 2004536381 T 02-12-2004
us 6138270 A 24-10-2000 US 5974254 A 26-10-1999

US 6327617 Bl 04-12-2001  NONE

Form PCT/ISA/210 (patent family annex) {Aprit 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

