Title: DYNAMIC SCHEMA FOR UNIFIED PLANT MODEL TECHNICAL
FIELD [0001] The present invention relates generally to industrial system
automation, and more particularly to automatically configuring an industrial
system based at least in part upon metadata associated with the system.
BACKGROUND OF THE INVENTION [0001] Advancements in computer
technologéand software have enabled communication to occur almost
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can receive a document, image, message, or the like from an individual in
California in a matter of seconds. Such advances in technology are not
limited solely to communicatié‘?%?ﬁ@i@@ctﬁ%?@idirectly affect every

pyminess and TReiviciiak Hosdnstangactneisiriahconieh sysiemsdave
enabled modern factories to become partially or cgmpletely automated in
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To further reduce costs of production, industrial systems have become

increasingly automated. For example, programmable logic controllers

(PLCs) can be coupled txvatiousumashinery aad emmntroha process that
iﬁaﬁires precise timing between actions of such machinery. Moreover, as
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xample, storage for maintaining the excess windows may be required,
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window frame may be required. These and other costs are often
&888¢ATEd with 1 manufacturing system that do not have an efficient

goganunicatiom@aiamatiedusy &M of production, industrial systems have become
increasingly automated. For example, programmable logic controllers (PLCs) can be
coupled to various machinery and control a process that requires precise timing
between actions of such machinery. Moreover, as communications technology has
continued to advance, intercommunication across geographic boundaries has enabled
growth of distributed manufacturing environments. For instance, a first plant in a first
geographic location can be utilized to manufacture a window frame, while a second
plant in a second geographic location can be employed to manufacture a
corresponding window. Obviously, inefficiencies in manufacturing would result if' a
far greater number of windows were created than doorframes, as an excess of
windows would exist. For example, storage for maintaining the excess windows may
be required, dispensing with or recycling the windows may be required, and/or
altering the generated windows to meet design specifications for a disparate window

frame may be required. These and other costs are often associated with



associated therewith. [0003] Systems and methodologies to facilitate
automation across geographic/industrial system boundaries have been
developed and implemented in various factory settings. Such systems

and methodologies, however, are typically rules-based and are not

flexible with altering requirements of a manufacturing environment. For
example, a manufacturing device that replaces an outdated
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conventional industrial” automation systems, this a%ratlon 0 Bbase
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proprietary internal format. Such database, however, may be desirably displayed in a
format that can be viewed from remote locations, wherein such remote locations have
not been updated according to the proprietary format. In conventional industrial
automation systems, this alteration of database formats requires a computer
programmer to generate code specifically for the transformation between formats.
Such programming is rule-based, and does not adapt well to altering conditions of an
industrial system. Further, if the databases are dynamically created (e. g., the
databases receive a constant flow of data from sensors, machinery, input from
operators, ...}, a schema mapping from a first format to a second format must be
robust and adaptive, and again requires programming by an expert.

[6005] Accordingly, there exists a need in the art for a system and/or
methodology for automatically configuring an industrial automation system while

mitigating needs for expert programming services.



2 SUMMARY OF THE INVENTION [0006] The following presents a
simplified summary of the invention in order to provide a basic
understanding of some aspects of the invention. This summary is not an
extensive overview of the invention. It is intended to neither identify key or
critical elements of the invention nor delineate the scope of the invention.
Its sole purpose is to present some concepts of the invention in a
simplified form as a prelude_to the more detailed desclé{)tlon that is

presented later. [OOO7]WM@§%9§\@%EOW r@@ﬂ%@ system and/or
metimdology fore astiomaticatsapiguriparan induysitial systemyBansfits order

of the present invention include configuration of industrial
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a data store of a partjcular format, [0008] The abqv other benefits
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metadata in connection with intelligent components that structure and analyze such
metadata. The metadata can be utilized to define/describe relationships and/or
resources between physical device(s) within an industrial environment, process(es)
within an industrial environment, resources between software objects and/or
applications, associations between software objects and/or applications, and the like.
Further, the metadata cannot only describe relationships between objects that do not
inherit from one another, but can further describe inheritance relationships between
various objects. Thus, metadata can exist that robustly describes the industrial
environment, and enables generation of a robust representation of the industrial
environment.

{0009] Such a robust metadata-driven representation enables automatic
configuration of software applications as well as configuration of physical device(s)

and/or process(es) within the industrial system. For instance, a user can request that a



and/or process(es) within the industrial system. For instance, a user can
request that a 3 particular process be configured and implemented. An
analysis component can analyze the metadata existent within the system
and automatically configure physical device(s) required to implement the
requested process. Further, an analysis of the metadata enables
generation of software objects required for the desirable implementation,
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metadata can be collected according to particular users. For example,
el sHeatryonstibdEabashEviIgEsn and Hancheiasfheldrestasbe within
hemgiadatathamsalisovhenhesiaerdasites iRy ignsdata W& ion is a

automation platform of the present invention, filters can be dynamically
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controller can quickly locate desirable metadata by analyzing associations
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with controlling an industrial machine/process.
users.
{0011} Moreover, a controller that is employed to control one or more
device(s)/process(es) within an industrial automation environment can utilize
metadata associated with the present invention. For example, a controller can be
provided with metadata that describes/defines the industrial system, and thercafter
utilize such metadata to control industrial machine(s)/process{es). As more metadata
is generated and accessible to the controlier, more intelligent control decisions can be
made. The controller can quickly locate desirable metadata by analyzing associations
defined in the metadata. For example, a links table can be provided to enable the
controller to quickly locate and utilize metadata in connection with controlling an
industrial machine/process.
[0012] To the accomplishment of the foregoing and related ends, the invention
then, comprises the features hereinafter fully described and particularly pointed out in

the claims. The following description and the annexed drawings set forth in detail



[0012] To the accomplishment of the foregoing and related ends, the

invention then, comprises the features hereinafter fully described and
particularly pointed out in the claims. The following description and the
annexed drawings set forth in detail 4 certain illustrative aspects of the
invention. These aspects are indicative, however, of but a few of the

various ways in which the principles of the invention may be employed
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will become apparent from the following detailed description of the
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diagram of a system that facilitates automatic configuration of at least a
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RepSeNHMaNtioNABRdA1FHE 112182 piegk diagram of a system that
facilitates automatic configuration of at least a portion of an industrial

system in accordance with an aspect of the present invention. [0015] Fig.

3 is a block diagraprofa system taidaciitateg ayamatioveanfiguration of
at least a portion of an industrial system in accordance with an aspect of
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system in accordance with an aspect of the present invention. [0017] Fig.
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Fig. 7 is a flow diagram illustrating a methodology for automatically
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[0016] Fig. 4 is a block diagram of a system that facilitates automatic
configuration of at least a portion of an industrial system in accordance with an aspect
of the present invention.

[6017] Fig. 5 is a flow diagram illustrating a methodology for automatically
configuring at least a portion of an industrial system in accordance with an aspect of
the present invention.

[06018] Fig. 6 is a flow diagram illustrating a methodology for filtering data
within a metadata driven automation platform in accordance with an aspect of the
present invention.

[0019] Fig. 7 is a flow diagram illustrating a methodology for automatically
generating a database in connection with an industrial environment in accordance
with an aspect of the present invention.

16020] Fig. 8 is a flow diagram illustrating a methodology for automatically
configuring at least a portion of an industrial environment in accordance with an

aspect of the present invention.



with an aspect of the present invention. [0020] Fig. 8 is a flow diagram
illustrating a methodology for automatically configuring at least a portion

of an industrial environment in accordance with an aspect of the present
invention. 5 [0021] Fig. 9 is a flow diagram illustrating a methodology for
declaring an application and automatically configuring an automation
platform based at least in part upon the declaration. [0022] Fig. 10 is an
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Fig. 17 illustrates a distributed industrial system utilizing a metadata store
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[0027] Fig. 15 iliustrates an exemplary manner in which metadata can be
employed in connection with a controller in accordance with an aspect of the present
invention.

10028] Fig. 16 illustrates data collection in connection with a controller in
accordance with an aspect of the present invention.

[0029] Fig. 17 illustrates a distributed industrial system utilizing a metadata
store to control device(s)/process(es) within the distributed industrial system in
accordance with an aspect of the present invention.

[0030] Fig. 18 is an exemplary operating environment in which the present
invention can function.

[0031] Fig. 19 is an exemplary computing environment that can be employed

in connection with the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0032] The present invention is now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set

forth in order to provide a thorough understanding of the present invention. It may be



DETAILED DESCRIPTION OF THE INVENTION [0032] The present
invention is now described with reference to the drawings, wherein like
reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the
present invention. It may be 6 evident, however, that the present
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system, and a customer requesting that such framework be

ao%lp d/completed according to their particular manufacturing needs.

Adtdtlingly, Referring now to the drawings, Fig. 1 illustrates a high-level system

overview in connection with one particular aspect of the subject invention. The
present invention relates to a novel system 100 that facilitates automation of one or
more of a manufacturing process and/or entity. Factory automation is often
accomplished at least in part by a software vendor providing a framework for a
manufacturing system, and & customer requesting that such framework be
adapted/completed according to their particular manufacturing needs. Accordingly,
alterations in a manufacturing system/process require the software vendor to modify
the software to accommodate the aforementioned alterations. Further, proprietary
machinery often needs specialized configuration to enable it to effectively
communicate with a controller as well as other machinery within the manufacturing
system. The system 100 is employed to provide a common model for manufacturing

factories (plants) from a system perspective shared across software vendor and



alterations in a manufacturing system/process require the software vendor
to modify the software to accommodate the aforementioned alterations.
Further, proprietary machinery often needs specialized configuration to
enable it to effectively communicate with a controller as well as other
machinery within the manufacturing system. The system 100 is employed
to provide a common model for manufacturing factories (plants) from a
systemepepppectivessfanekkadiessosoftwarendehdart anfdclltastbnethe present
?Ipyli%ations. Furthrﬁrﬁ tQ& common rg(_)del that is facilitated by the present
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systems, as the metadata 110 can expand and change with system
alforatio s withogs e quikisiy caamexpé dfprdgranatmer . Threspsétadata dsttation
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particularly, the system entities 108 within the system representation 106 can include
objects that represent disparate industrial processes, industrial machinery, servers,
efc., and the metadata 110 can further define such objects. Furthermore, a collection
-of objects can be employed to represent disparate processes/machinery within the
industrial system 102. Thus, it is understood that the system representation 106 is not
limited to a specific manner of representing the industrial system 102, and that any
suitable manner of representation is contemplated by the present invention.
[0036] A configuration component 112 analyzes the system representation
106 and configures the industrial system 102 in accordance with such analysis. The
configuration component 112 is an intelligent component that configures the

industrial system 102 and/or the system representation 106 based at least in part upon

the metadata 110. In accordance with one aspect of the present invention, sensor(s)



industrial system 102. Thus, it is understood that the system
representation 106 is not limited to a specific manner of representing the
industrial system 102, and that any suitable manner of representation is
contemplated by the present invention. [0036] A configuration component
112 analyzes the system representation 106 and configures the industrial
system 102 in accordance with such analysis. The configuration
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user activities, and other suitable information that can be utilized in connection with
creating an appropriate user interface. Therefore, a customized user interface can be
automatically generated by the configuration component 112.
[6038] Moreover, the configuration component 112 can be employed to
automatically structure databases for use when collecting data relating to the
industrial system 102. For example, the industrial system 102 can include a plurality
of sensors and can generate a substantial amount of data relating to manufacturing
system(s)/process(es). Conventionally, coliecting such data required a substantial
amount of manual programming to generate a database structure suitable for the

particular data collected, resulting in wasted man-hours. The system 100 enables a

user to request data collected from a particular machine, set of machines, and/or



creating an appropriate user interface. Therefore, a customized user
interface can be automatically generated by the configuration component
112. [00381 Moreover, the configuration component 112 can be employed
to automatically structure databases for use when collecting data relating
to the industrial system 102. For example, the industrial system 102 can
include a plurality of sensors and can generate a substantial amount of
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ata on a browser. 8639] In accordance with yet another aspect of the
po63&ht inventionsthed mctowidiiget platfoermudfiztis ttheptensiblevention, the

SRR i Bl 10 ente s e sl
ihi@lkgeatlys andhefficiemtts copsfignretths rtdistdalBystemblB2he automation
platform 104 to more intelligently and efficiently configure the industrial system 102
over time as more metadata is generated/added to the metadata 110 within the system
representation 106. Further, controllers utiliz¢d to control machinery/process(es)
within the industrial system 102 can utilize the metadata 110 in connection with
system control, thereby rendering such controllers adaptive to changing conditions
within the industrial system 102,

[0040] In accordance with one aspect of the present invention, the automation
platform 104 can be developed in a form of an XML schema (rather than a database),
and from such schema the industrial system 102 can be coﬁﬁgured and database
generation associated with the industrial system 102 can be accomplished. Further, a
standard that facilitates data exchange and semantics associated with data exchange

can be employed in connection with the XLM schema. For example, ISA 95, ISA 88,

and any other suitable standard employed in connection with manufacturing can be
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over time as more metadata is generated/added to the metadata 110

within the system representation 106. Further, controllers utilized to

control machinery/process(es) within the industrial system 102 can utilize
the metadata 110 in connection with system control, thereby rendering
such controllers adaptive to changing conditions within the industrial
system 102. [0040] In accordance with one aspect of the present
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servers, data stores, and other suitable computer-related items. Thus, the
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includes process(es) 206 that are undertaken within'the industrial system
29stemotEample, a plurality of the physical device(s) 204 can operate in

junction to 'SS ithi j ial
02, 10002 To oAl e ot (g, fhe physisaT g ey e

POACEHArST IRE) proviesarEsiRneyid aureshvasi calRuEshAgoRadariaran208. The
%L&@m%ié}?ﬂ?ﬁ@fm %@d&%ﬁ%ﬂm%&%ﬂaﬁeﬁfﬂ li@f:w&%iﬁ Qﬁmnﬁtﬁes

representation 210, wherein system entities
212 are represented by data structures (e.g., one or more objects). Particularly, the

system entities 212 include physical device(s) 214 and process(es) 216 that represent
the physical device(s} 204 and the process(es) 206, respectively, within the industrial
system 202. The system representation 210 further includes metadata 218 that
describes data/objects employed to represent the system entities 212, Particularly, the
metadata 218 includes associations 220 that define relationships amongst the physical
device(s) 214, relationships amongst the process(es) 216, and relationships between
the physical device(s) 214 and the process(es) 216. Furthermore, the associations 220
can define relationships between software object(s)/entities that represent the physical
device(s) 214 and the process(es) 216, as well as relationships amongst data that is

. employed to generate interfaces and/or exchange data. Thus, the associations 220
within the metadata 218 can define/describe any suitable association existent within

the industrial system 202 and/or the system representation 210.
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212 are represented by data structures (e.g., one or more objects).
Particularly, the system entities 212 include physical device(s) 214 and
process(es) 216 that represent the physical device(s) 204 and the
process(es) 206, respectively, within the industrial system 202. The

system representation 210 further includes metadata 218 that describes
data/objects employed to represent the system entities 212. Particularly,
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DRI AP SRS EIRROIRA R RN SARTPUE ASURaPL et AP curvent
process(es) 216 together with the associations 220 and the resources 222, and
thereafter configure the industrial system 202 in accordance with the analysis.
Furthermore, the automation platform 208 can retain metadata associated with the
requested process, thereby enabling the automation platform 208 to be an extensible
automation platform. Thus, for example, a process need only be configured once, and
can later be re-used if desired. Moreover, database(s) relating to the configured
industrial system 202 can be automatically structured and generated for utilization and
analysis. For instance, databases that are accessed by a controller to facilitate optimal
control of the physical device(s) 204 and/or process(es) 206 can be automatically
generated and maintained by the automation platform 208.

[0045] Now referring to Fig. 3, a system 300 that facilitates automatic
configuration of an industrial system 302 is illustrated. The system 300 further
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effectuate a particular process. The automation platform 208 can generate
a graphical user interface that enables a user to adequately
describe/define the desired process. The configuration component 224
can analyze the physical device(s) 214 and current process(es) 216
together with the associations 220 and the resources 222, and thereafter
configure the industrial system 202 in accordance with the analysis.
Frrthéepforecdirasmdmsichapaiieat2betemsreusiomustanthisabyociated
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to be an extensiblé automation platform. Thus, for example, a process
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can be automatically structured ‘and generated for utilization and analysis.
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be automatically generated and maintained by the automation platform
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the industrial system 302. The automation platform 304 can further be
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in cenpeciionvithcoliseing apsion Analyzingdata QUIRUL oMM e tadata at

industrial system 302. The automation platform includes a system

repredessiaiRvishnctisatqsiainpiod bl apva st sadorhetngan s spigangntities
302 K r examplenthg systemn#erie sehiation SRnpalysIe Ixsien entitias

308, wherein such system entities 308 can comprise representations of
MSEHTheRNERIRStHEIRetal system 302, representation of process(es)

tfalggye undertaken.witindheinaysirialsysten 3%l 2e¥Hbe suliable

entity within the industrial system 302 that can be represented. The

SPSERTFEPAd SRt B8H BOE Foilth P IAEGE ShadrdpEtr BICIwhaPaiRasRd at least
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between the system entities 308 as well as resources 314 within the

ifeRGSTPRA Sisiedhstty Solletdel/ BRarbrutystivr snumescaag ptmplddriine a
particular process that is desirably completed within the industrial system 302 by
inputting such process into the automation platform 304, A representation of the
process is generated based upon the declared desired process, and the configuration
component 316 updates the system representation 306 in accordance with the declared
process and the metadata 310. The configuration component 316 can thereafter
automatically generate code that enables the industrial system 302 to configure itself
for completion of the process. Moreover, the configuration component 316 can
automatically generate databases or other suitable storage structures and store such
data along with generated code in a storage unit 318. For example, the storage unit
318 can store AJAX Command Definition (ACD) file(s), XML schemas/files, can
store the automation platform 304, or any other suitable data. Further, the storage unit
314 can include an external data store that is accessible over a suitable network.

Thus, the present invention can employ data from disparate geographic locations as
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[00461 The automation platform 304 further includes a configuration
component 316 that automatically configures the industrial system 302
based at least in part upon the system representation 306 in general, and
the metadata 310 that describes the industrial system 302 in particular.
For example, a user could define a particular process that is desirably
completed within the industrial system 302 by inputting such process into
el baronmtipnepladiotne BO4 el sentationdf theatpdaesstis storage unit
geperated based upon the declared desired process, and the . .
configuration component 316 updates the system representation 306 in
dedrtlance withehstdeetivedlpfovasydnditremetadate: 810, tRhéndustrial
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r
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Stonyeotin 28181 ool Tihecauromationtptatiodiood cameoeouhicatdhe

ith theirdusitia em.302: vi OF. turing interface(s)
s R TS0 R L s
refforengddaridank Sebuticthiiienesretho itirgfon-docuimerrossithint. The
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machinery within the industrial system to collaborate to complete a
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collaboration framework 324, and the portal framewor

d8 et pe grapie yspiieed mgeiendditithinpached-forminerenvironment. The
[6048] Tumning now to Fig. 4, a system 400 that facilitates automatic
configuration and operation of an industrial system 402 is illustrated. The system 400
includes an automation platform 404 that comprises a representation 406 of the
industrial system 402. The system representation 406 can include system entities 408
(e.g., machinery and/or process(es)) and metadata 410 that further describes the
industrial system 402 (and consequently the system entities 408). Particularly, the
metadata 410 defines/describes associations 412 amongst and/or between the system
entities 408 as well as resources 414 of the industrial system 402 in general and/or the
system entities 408 individually. Utilizing the metadata 410 provides a more
complete and intelligent representation of the industrial system 402 when compared
with conventional database models.

[6049] The automation platform 404 further includes a configuration
component 416 that automatically configures the industriai system 402, The
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present invention provides such manufacturing interface(s) with a schema

328 that enables automation of various parts of the manufacturing

interface(s) as well as process(es) within the industrial system. In

accordance with one aspect of the present invention, a known standard

can be employed in connection with the schema 328 to provide common
semantics across the system 300. Particularly, ISA 95 and/or ISA 88 can
benémpioyed rbessthadiiest withtheppre$entssocéatiion. 40D 48] Thanésgunow 414
to.Fig. 4, a syste 0 that facilitates automatic, configyration and .
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gys%em’ entities 40 ?e.g., Mac Inery and/or process es)c) and metadata
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ghe ;Wfptentiti 8, %%3 .SParticularlxgtsqlechrgett%data 410 defines/describes

<8ociations 41 amongseflrayrﬁ%I\}vc}]f1 etween the 'system entities 408 as well

#hrddources 414 sifstiam iflell Strthlesystbnied 02 intgeher gcancitor #& that
system entities 408, individually. Utilizing the metadata 410 provides .
L R R RN LG A R e
Wb nlcorepangde, Withusenvaaigdnat ddtaba28 rapdetdiJ004€] illbetity, user
ion platfo 04 further. i des. a configuration .campopen 6
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99&%{5@%&%‘%98% %Qag] &%H\?&%@%ﬂ% 514&534%%%}%%{%65 Carl ide such user
enerates a customized interface according to user-relate metadata
426 witr exmnpieabhearssmtalbtitemEtadatmally cappinettices gbenld appear as

S PR TR e 3 A
ceprercotssosudhirtiemdataiGatmhfitgtized in connection with the automation
platform 404 will be more manageable because they can take advantage of the
metadata 410 and 420 to automate tasks and make intelligent decisions. Further, it is
understood that while the interface generator 418, filter 422, and user-related
metadata 420 are shown separate from the avtomation platform 404, the automation
platform (schema) can include within it the interface generator 418, filter 422, and/or
user-related metadata 420, Thus, filters can be declared directly in the metadata.
Accordingly, the filter 422 is metadata-driven and not structure-driven, thereby
rendering filters adaptive to changing users and/or industrial system alterations.
[6051] Referring now to Fig. 5, a methodology 500 for utilizing metadata to
automatically configure an industrial system is iltustrated. While, for purposes of
simplicity of explanation, the methodology 500 is shown and described as a series of

acts, it 1s to be understood and appreciated that the present invention is not limited by

the order of acts, as some acts may, in accordance with the present invention, occur in
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portions of the system representation 406 that are not required by a user
424 associated with the metadata 420. A substantial amount of metadata
is utilized to represent the industrial system 402 - thus, displaying this
metadata to the user 424 would be overwhelming to such user 424 and
unproductive. Thus, the interface generator 418 reduces data delivered to
the user 424 via the filter to provide such user 424 with a manageable
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idviamtiorss[oDB A 802candridudtiabsystéivpics mitialdbe Emdekahmﬂh@r the
/ | lurali ts,wit
3}@{?&9& and @Jﬁﬁ/ﬁﬂff?(i%% g@%f%gi TAgRISS-DY, iRl %<§I %g%t‘é’rh%d

Isparate types riented-programming can din
aceondtinos heith wnsedpelerotthepresernt amvaﬁhmamslwm between

%@9@6@@% ﬁ@géc%gééﬁué%ﬁag%qgéy%eamf éﬂ?e(%%lﬁgtgtﬁg ﬂ&%HﬁHéﬁlps within an
industrial system. Moreover, the received metadata can define/describe relationships
between software applications utilized in connection with the industrial system,
databases within the industrial system, computer resources within the industrial
system, efc. Similarly, the metadata can describe computing resources and/or
industrial resources within the industrial system. Thus, a robust description of an
industrial system can be generated based upon the metadata.

[0054] At 506, the model 1s altered. For example, a particular piece of
industrial machinery can be modified, added, updated, replaced, removed, or any
other suitable operation. In accordance with another aspect of the present invention,
the model can be altered according to a desired change within the industrial system
and/or to reflect updates in hardware/software. At 508, metadata associated with the

alteration is received. For example, if machinery is removed, sensors can notice such
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system can be employed. Further, the model can include software
applications that are employed in connection with an industrial system.
For instance, particular manufacturers may have specific applications that
are employed in connection with a manufacturing process. These
applications can be represented within the industrial system model.
[00531 At 504, metadata defining associations and resources within the
et aeeeistraneigdda THet thvbd wiakith (a caviteled @ dinkions,

aRie Bt gefines agsqgiations beh f 0 pROIRYIRE Qﬁﬁféﬁ%%‘%wwﬁ&,

model. Further, the metadata can define/describe physical machinery
withinctladatadgbirag s sherndate cssbeistioimiddansemsstiet physical
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machines, or any other suitable relationships within"an industrial system.
rlsresoBintHie iseéRle d onsteiite cah isiitiezabeenibeuratinioprshent can

barugenSeityare.apRicatons Hilized inaonneatiqndth theindustially

system, databases within the industrial system, computer resources
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system. Thus, a robust description of an industrial system can be
gerspitag Haseopesdarstay atB L0 054 eigasos Yitemiolalis antare.

ROLEXRIRIE, RadigHaraiese ol ndusitialdnachioeon cambemedified,

added, updated., replaced, removed, or any other suitable operation. In

ABKBRaHAL IR BB RIERiEs et cTatabasreset rVeriliSh Suilrb InseféTaemthat
b&afiered arsarding deRderied shanas YR e industia) SYSIeMmation

and/or to reflect updates in hardware/software. At'508, metadata
sHgeefated with the alteration is received. For example, if machinery is

[B0aRYed, sensorscampRticersye) 46 EamayRl Ansheenerte MR thin a

relating to the removal (e.g., updated associations, updated resources,

ropus BrfbERereRkateRiice sofweredippirustion salisetapaateer drillustrated.
MeLadalaslaing 18 e urde sen heextragiedandircsivad. (9030 Ah

510, the collection of metadata is analyzed with respect to the alteration

e YRSHBIS Phiceiiahpler i rtlanRse roeSHReuratient ssipbnantisirnl system.
'ief}fj?P{gtgﬁ%m{@%@qﬁwgﬁﬂﬁ%%e@&ﬁ(feﬁé}%séﬁ?&g 5ro8le and@hed nd/or

automatically configure the industrial system in accordance with the
BIRAGHSS wahiRdhmedugisighsystem. At 604, metadata is associated with the model.

Particularly, the model includes metadata that defines and/or describes associations
between machinery within the industrial system. For example, the metadata can
describe processes undertaken by machinery and how such machinery interacts to
facilitate automation of the processes. Moreover, the model includes metadata that
defines and/or describes resources existent within the industrial system (e.g., available
machinery, capacity of machinery, PLC processing capabilities, ...}). In accordance
with another aspect of the present invention, metadata within the model describes data
utilized to generate the model. For instance, various objects can be employed to
facilitate representation of the industrial system. The metadata can define and/or
describe relationship(s) between such objects as well as resources associated with the
objects.

[0657] At 606, metadata is associated with one or more user(s). For example,

metadata describing a user’s identity, user privileges, user location, or any other
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review and analysis of the metadata, the configuration component can
automatically generate software to be employed in a PLC that effectively
controls one or more machines for a particular process. Further, the
configuration component can automatically create user interfaces,
databases, and any other suitable software that requires generation to
effectuate configuration of the system as well as automation thereof.
[poBs]cTiofpmynonreariy ©, asee troduiogyl 69edfendikerimgyddra ivhithiha
ARHBYSIE M PEeRaRal e{z?a&%.Bé%'ﬁgg@g&g&%5%%&35@&0%%?&%%&@or a

iIIu_strate AL 692, a model o an mdustrll em IS received.
- exampltaamodelczen aulievgriogst obje disbfadieprrdicldgsedoandtion
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objects can represent one or more machines and/or process In the

PR SYY Al tipstand. Ao GO m Sictoiat ésabsboated wfitrehecatebiding to the user.
Rarticialyetherdnads] nckudes Mmetad, %ﬁ@%ﬁ?{&”&% g}%%/&rs deserigso about
associations between machinery within“the industrial system. For _
exaphpiengridane pidhcs pdard esribanprok asdés uneeitalkensolyahaksinatyons
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processes. Moreover, the model includes metadata that defines and/or
GEBEHO8 Feldgurer s SRt WP iabilHu B aiab sstenygestptcay fifatiample.
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accordance with another aspect of the presentinvention, metadata within
hatrivadendusenlsesddtintenizbebed guncrens desatinded drtr dndteraods.
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industrial system. The metadata can define and/or desciibe .
rEpEGrishi(8) pubvaeestel objsbrinferenell teswlsdutbesessosiatad fuew

henfjedisidA0RALAL 606 rrsiadrirdsARSRcAiedwih U OE O ether or

user(s). For example, metadata describing a user's identity, user
 pRvilegyeenisardsesriicdimplp WP uitabiaifforrhibdetheraiigrems and -

WSB! GARNEOUREeHR0L-areRlay ed Uit e e thodBlRay 808 Ihg

metadata can be manually generated through a template or a series of
achemetieadipgBitrake inteppeioYReSoIae FRRRSs T Pt cuay OrfSraTaisn

from the BetEREBEE: thisvnigladasacrnibegensiatsd.abtomaticallyy

watching a” user over time and providing a component that makeés
i%}@m@ééry@mtigqﬁ@thg@{fommg automatic and/or inferred action in

connection with the subject invention. Thus, for example, a component can infer that
a user is associated with particular access privileges by watching which applications
the user typically accesses.

{0058] At 608, data is provided to the user based at least in part upon the
metadata associated with the model and the metadata associated with the user. This
data 1s less than the entire industrial system model, as delivering such data to a user
‘'would be overwhelming due to the substantial amount of metadata that describes the
industrial system and/or platform. The data can be delivered to the user via a
graphical user interface (GUI). For instance, a hierarchical representation of a subset
of the industrial system can be provided to the user, wherein the subset is pertinent to
the user’s activities within the industrial system. Moreover, organization by process,
location, machinery, or any other suitable organization can be projected to the user in

accordance with the aforementioned metadata. In accordance with one aspect of the
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As used herein, the term "inference" refers generally to the process of
reasoning about or inferring states of the system, environment, and/or

user from a set of observations as captured via events and/or data.
Inference can be employed to identify a specific context or action, or can -
generate a probability distribution over states, for example. The inference
can be probabilistic - that is, the computation of a probability distribution
pvmstaimesmfdmtﬁﬁesmﬁasad el congidbratitngt &atgﬁﬁduﬁ\te[ﬁﬂs (e.g., the

Inference can 1£Jert techniques e # d orc osm
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B mterfa e Iggaug Slgolraltrc]: tance, a hlgéa{ciigcal re elsefggp Gan s
the industia SyS em can be rowded T Ljser wherein the
' wbﬂewé pemnemﬁonmaiuémmaMim é&vhlthm:m d¢henmchisttiahsystenen the

Morer S AL Ealor by Broasss.. ePHom, MachineDy S A Ol
suitable organization ca ecte ihe User in - aceorgance wi e
afoiemaniidred maetawtaielnmémmiargamﬁmmﬂsahpemwm 18de within

resen ventl n, th adata itself. cla e |II rs for rtlcu
ﬁ%%?%o(ﬁe g., °{he ef[ll e%@geé s i eﬁc Ared ¢ recetly Wlﬁurﬁ% the mlet data ?fguzth
filteolg is an vt elnent ovdrcgal/batioral filkersdas ashtrentidnstlial system

fé}'&%@ i %%'Eeﬁjal%&%? lp?(gggsrsl;r}%lgfegrllgp?ef within the industrial system and
modeled within the model. For a simplistic example, a counter can be employed by a
piece of machinery, and such numbers can be delivered to the model for storage
and/or analysis. At 710, a database is automatically structured and data is entered into
such structured database. In conventional data acquisition systems/methodologies
within industrial environments, acquiring data requires manually creating a database
structure prior to implementation of a new process. The methodology 700 can be
employed to automatically generate a database structure that receives data relating to
a new process. For instance, the model and metadata associated therewith can be
employed to automatically configure an industrial system for a particular process.
Further, databases that store information relating to the process can be automatically
generated based at least in part upon the aforementioned metadata, thereby increasing

manufacturing efficiency. Upon structuring of the database, data acquired from the
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views associated with disparate users. The metadata in connection with

the model enables automatic generation of views associated with users,

as given common semantics amongst the metadata databases utilized for

delivering data to particular users can be automatically generated. 10059]

Now referring to Fig. 7, a methodology 700 for automatically generating

and configuring a database relating to an industrial system is illustrated.
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dlatabase dsgsamtom atethdy stnctiiec and dataisce ntéred btdhesudastrial model.
Str red datahase. In conventional data acquisition _
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reguices vaanuallyscfeating a databasen Spurdtigre ol iy infiptechéniation
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T T .
frappdhedi8sprofessn@ageyiacedsars)itis dilectadotiribies gatab aseltbran be
WHER eréa égds g%?%%dlztg r&@%"mine steps necessary to complete the task. More
particularly, if the task is to generate an XML database, metadata relating to storage
capacity can be collected and analyzed together with components that are employed to
structure XML databases. At 810, a determination is made regarding whether there is
sufficient data (e.g., metadata, resources, ...) within the model to complete the
requested task. If sufficient data exists, then the model and/or the industrial system
are automatically configured to complete the task at 812. For example, if the
requested task is to complete an XML database, such database can be automatically
configured based upon the request and the collected data.

[0663] if there 1s msufficient data to complete the task, at 814 a user is
provided with a set of alternatives. For example, if the request was to generate an
XML database but the resources available only allow for creation of a SQL database,

the user can be automatically asked if generation of the SQIL. database is an acceptable
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the database can be structured according to user desires. For instance,
the database can be automatically configures as an XML database.
[0061] Now turning to Fig. 8, a methodology 800 that facilitates
configuration of a portion of an industrial system is illustrated. At 802, a
model of an industrial system is provided. For example, the model can
include representations of process(es) and/or machinery within the
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structure for analysis of at least a portion of the industrial system. In accordance with
one aspect of the present invention, this application can be declared via a request by a
user. At 904, a data collection object can be declared to enable collection of data
relating to the declared application. Such data collection object can be declared
automatically within the automation platform and or manually by a user. For
example, the user can request that data be collected relating to a particular process,
machine, PLC, etc.

[6066] At 906, the data collection object searches over the automation
platform as well as over the industrial system to collect data pertinent to the declared
application (e.g., data relating to industrial system entities and relationships is

obtained, as well as data relating to the automation platform). For instance, if the

declared application relates to a manufacturing task that is to be implemented by
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20 alternative. A graphical user interface can be employed to provide the
user with a list of alternative(s). In another example, a request can be to
complete a manufacturing process at a first location within a plant,
wherein there exists insufficient machinery at such first location.
Thereatfter the user can be provided with one or more alternative(s), such
as a second location wherein the requested manufacturing process can

ersorn plersdr{Bo84) a3 rerthenicsindeviidswhetherdspiarstl i collection
%lﬁ?é&aéé\ﬁec?ef’eﬁ‘?%ﬂg@qxgétl%é‘cﬂﬁléﬁp%ﬁg' £ o2e Al 106 RIS, machinery,

alternatives is acceptable, then the user cah select such alternative and

tieaisystonite algoiitanisanyosorfigurel diegnachinuidivigany ohecseldialdd related

i55edNf YRGS BIoVIAedwiEInsbctansdhal 830l A

lier ﬂ?&iﬁ’&n@@&ﬂ@
completion of the requested task at 818. The collection and analysis of

data %Soeumamﬁst@ﬁeaﬁ%mé@@@gg\é@ﬂuﬁrﬁ@m@wm@mhﬁcaﬂy '
ISIRIEHRR S AL LERQUIGRS JE QIR d I CAMRI eﬁ‘?aéhﬁﬁé%}v @ﬁﬁlﬂﬁ%ﬂ‘ﬁ%ugmm

there does not exist sufficient defined linkages to generate an XML
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ereation ok ihe Mk database, 1085k Neyy referring to Fig. 9, a

methodology 900 for utilizing an"automation platform as a declarative
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example, the desirable application can be a manufacturing task completed
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industrial system. In accordance with one aspect of the present invention,
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the declared application. Such data collection object can be declare
shisphdarRligafemirabcal ot die pratisriv g lenmasghiydy d'eserample,
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particular process, machine, PLC, etc. [0066] At 906, the data collection
Gbjeed st ced svsmiEo sl sRTEIdR S sRtERalers weoll 2l dhempladata 1006 can

ipdusirialisysiendQ celectiair Acstoeah i s declated Application{& ftata
data relating to industrial system entities and relationships is
1006 can describe/define resources associated with the industrial system and/or

resources associated with the industrial system model 1004. For instance, software
applications within the industrial system model 1004 can be associated with a
processor that has finite resources.

[0068] In accordance with one aspect of the present invention, a desired
functionality 1010 is determined. In the displayed exemplary transformation 1000,
the desired functionality 1010 is a transformation of the SQL database 1002 into an
XML database 1012. While the illustrated transformation involves transforming an
SQL database into an XML database, it is to be understood that any suitable
transformation between database structures can be accomplished through utilization
of metadata in accordance with the present invention. The desired functionality 1010
can be entered by a user after booting of a machine, or can be automatically
bootstrapped to a service call (e.g., a hard disk boot). Therefore, whenever the service

call is received, the desired functionality 1010 1s performed. A data collector 1014 is
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obtained, as well as data relating to the automation platform). For
instance, if the declared application relates to a manufacturing task that is
to be implemented by 21 various interconnected and communicating
machinery, the declared data collection object can determine what
machinery exists, type of connection between machinery, review control
algorithms associated with the machinery, or any other suitable related
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automatically configured for the desired application. For example,

paadrinisejevsitin thchindtstraesyamiineca st mtioatieioty RetfgureBurther,
AdQrdalabases e AINA A MAthiNG. ARH Lol BR ADMSANPHCAB RS

automatically generated. [0067] Turning now to Fig. 10, an exemplary
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can describe/define resources associated with the industrial system
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can be associated with a processor that has finite resources. [0068] In

8Pt wath aversiseby gliaaip dsdirive MidAn ¢ de straig assemblies, set
functionaliny 10 1Q4sdeterningdoln e disnlanes S XeMRIaRY, ere. The resultant

transformation 1000, the desired functionality 1010 is a transformation of
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database, it is to be understood that any suitable transformation between

eraibsstestableutes toan BRIRBEBNFSHER GRBURIIF Ui satidrse on a conventional

browser at disparate geographic locations. Thus, the entire industrial system model

1004 can be automatically transformed to a desirable format via analyzing the
metadata 1006 without requiring manual structuring of a new database in the desirable
format.

[6070] Now referring to Fig. 11, an exemplary embodiment 1100 illustrating
filtering technologies of the present invention is shown. An automation platform
1102 is accessible by a plurality of users, both for software development and
industrial applications. Particularly, in the exemplary embodiment 1100 an enterprise
user 1104, a process operator 1106, a production management user 1108, and a
control system developer 1110 are all concurrently accessing the automation platform
1102. The users 1102 — 1110 can be all located at a single manufacturing plant, or
distributed geographically at disparate manufacturing plants, wherein the antomation

platform 1102 facilitates configuration/automation of a distributed manufacturing
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of metadata in accordance with the present invention. The desired
functionality 1010 can be entered by a user after booting of a machine, or
can be automatically bootstrapped to a service call (e.g., a hard disk
boot). Therefore, whenever the service call is received, the desired
functionality 1010 is performed. A data collector 1014 is 22 employed to
collect data from the SQL database 1002 that enables transformation of
theibQh databrsedadhe XML detaliasetOie a@@ﬁiﬁﬁi@ﬁiﬁdi@iﬁ@ﬁiéoﬂions of
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[6072] Now referring to Fig. 12, an exempilary industrial system
representation 1200 in accordance with the present invention is illustrated. The
mndustrial system representation 1200 includes a plurality of software objects 1202 —
1216 of multiple types. Such objects 1202 - 1216 are described/defined within the
objects as well as within metadata 1218 related to the objects 1202 - 1216.
Particularly, the metadata 1218 can include data relating to a plurality of associations
1220, where the associations 1220 describe relatedness between the objects 1202 —
1216. In accordance with one aspect of the present invention, the associations 1220
can be a links table. Thus, if a new object 1222 is added to the system representation
1200, the associations 1220 (e.g., the links table} can be updated accordingly.

10673] Further, the system representation 1200 provides inheritance
capabilities between the objects, and the metadata can define inheritance between

objects and the associations 1220 can include links between inherited objects. This
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industrial applications. Particularly, in the exemplary embodiment 1100 an
enterprise user 1104, a process operator 1106, a production
management user 1108, and a control system developer 1110 are all
concurrently accessing the automation platform 1102. The users 1102 -
1110 can be all located at a single manufacturing plant, or distributed
geographically at disparate manufacturing plants, wherein the automation
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1310, where N is an integer greater than 1. PLC 1306 1s connected to and facilitates
control of a disparate industrial device 1312 through an Mth industrial device 1314,
where M is an integer greater than 1. The data collection component can obtain
information relating to physical connection of the PLCs 1304 and 1306 with the
industrial devices 1308 — 1314. Further, the data collection component can obtain
information relating to applications resident upon the industrial devices 1308 - 1314,
communication protocols employed in connection with the industrial devices 1308 —
1314, and any other suitable information relating to the industrial devices 1308 —
1314.

[6075] The automation platform can thereafter configure the PLCs 1304 and
13006 to provide the industrial devices 1308 — 1314 with control software and generate
communication interfaces between the PLCs 1304 and 1306 and the industrial devices

1308 — 1314. Moreover, user interfaces enabling optimal operation of the industrial

devices 1308 — 1314 can be provided to a user. In accordance with one aspect of the
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Particularly, the metadata 1218 can include data relating to a plurality of
associations 1220, where the associations 1220 describe relatedness
between the objects 1202 - 1216. In accordance with one aspect of the
present invention, the associations 1220 can be a links table. Thus, if a
new object 1222 is added to the system representation 1200, the
associations 1220 (e.qg., the links table) can be updated accordingly.
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capabll etween the bje ndt e metadata c n define inheritance
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E)ilétca:fslc% g’c ecfj %Otgi}lgl@ewge 1406 can be configured with the second device 1404
and/or the first device 1402 vig a request or declaration. Such an aspect of the present
invention provides for an extensible declarative automation platform utilizable in
connection with an industrial environment.

[0077] Turning to Fig. 15, an exemplary system 1500 that facilitates control of
one or more machine(s) to effectuate an industrial process is illustrated. The system
1500 includes a plurality of devices 1502 - 1506. Specifically, the system 1500
comprises a first device 1502 through an Nth device 1506, where N is an integer
greater than 2. The devices 1502 — 1506 are controlled by a controller 1508 that
utilizes metadata 1510 in connection with controlling the devices 1502 - 1506.
Further, additional metadata can be accessed by the controller 1508 from a metadata

store (not shown). In such a metadata rich environment as described above, the

controller 1508 can make more intelligent decisions when compared to conventional
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industrial devices 1308 - 1314. Further, the data collection component can
obtain information relating to applications resident upon the industrial
devices 1308 - 1314, communication protocols employed in connection
with the industrial devices 1308 - 1314, and any other suitable information
relating to the industrial devices 1308 - 1314. [0075] The automation
platform can thereafter configure the PLCs 1304 and 1.306 to provide the
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an auto At a later time

et uprpton o sop declratye metel A eIt
the. seaohd, deMileendd€bwn, an automation platform can automatically generate
metadata according to application configuration and/or interfacing between the
industrial system 1608 and the automation platform. Thus, data can be collected over
an entire set of activities (e.g., physical system, controller, software application, ...).
The data collector 1602 collects and registers the received metadata, and places it at
an appropriate location within a metadata store 1612. This metadata store 1612 is
accessible by a controller 1614 that facilitates control of at least a portion of the
mndustrial system 1608. The controller 1614 further can receive data directly from the
sensor(s) 1610 that 1s not metadata. Further, through utilization of collected metadata
within the metadata store 1612 plug-and-play features are available. Specifically,
through metadata a device could be “plugged in” to the industrial system 1608, and
applications, databases, configurations between machines, and any other suitable steps
necessary to configure the device with the industrial system 1608 can be

automatically generated via metadata.
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and/or the first device 1402 via a request or declaration. Such an aspect
of the present invention provides for an extensible declarative automation
platform utilizable in connection with an industrial environment. [0077]
Turning to Fig. 15, an exemplary system 1500 that facilitates control of
one or more machine(s) to effectuate an industrial process is illustrated.
The system 1500 includes a plurality of devices 1502 - 1506. Specifically,

thwpystem 15RQucRMPHSE SAFIESY dexicexdRRRHrausbandith deyice
1506, where %IS an |nteg r greater than 2. The devices 1502 - 1506 are
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dadiuter d@hﬁﬁdﬁ@ﬂé@ﬁ%ﬂﬂm&éﬁ&m%wﬁtmmﬂm 1712 will be able to
make more intelligent decisions in connection with controlling portions of the
industrial systems 1704 and 1706.

[0080] With reference to Fig.18, an exemplary environment 1810 for
implementing various aspects of the invention includes a computer 1812. The
computer 1812 includes a processing unit 1814, a system memory 1816, and a system
bus 1818. The system bus 1818 couples system components including, but not
limited to, the system memory 1816 to the processing unit 1814, The processing unit
1814 can be any of various available processors. Dual microprocessors and other
multiprocessor architectures also can be employed as the processing unit 1814,
[06081] The system bus 1818 can be any of several types of bus structure(s)
including the memory bus or memory controller, a peripheral bus or external bus,
and/or a local bus using any variety of available bus architectures including, but not

limited to, 11-bit bus, Industrial Standard Architecture (ISA), Micro-Channel
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etc. Further, while not shown, an automation platform can automatically
generate metadata according to application configuration and/or
interfacing between the industrial system 1608 and the automation
platform. Thus, data can be collected over an entire set of activities (e.g.,
physical system, controller, software application, ...). The data collector
1602 collects and registers the received metadata, and places it at an

appraRHAR (AEaHoNmyithinea matadaia starelbls: DhieReladatasiors:),

1612 is accessible bﬁv a controller 1614 that facilitates control of at least a
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such industrial systems 1704 and 1706. In accordance with another
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and 1706 access the metadata store 1702 _through any suitable network
SRR 57 e S e PR B ML TR s B
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wireline connection. The industrial systems 1704 and 1706 include
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VeRivadhe priwark ceanadetiandorfagiitatateorirpbolRpNc e R iRIGRLITS 24,

rB?Sihsi?O%%gv ité?zlg EQ%&QQ&%&? ils not limited to, devices like a magnetic disk drive,
floppy disk drive, tape drive, Jaz drive, Zip drive, LS-100 drive, flash memory card,
or memory stick. In addition, disk storage 1824 can include storage media separately
or in combination with other storage media including, but not limited to, an optical
disk drive such as a compact disk ROM device (CD-ROM), CD recordable drive
(CD-R Drive), CD rewritable drive (CD-RW Drive) or a digital versatile disk ROM
drive (DVD-ROM). To facilitate connection of the disk storage devices 1824 to the
system bus 1818, a removable or non-removable interface is typically used such as
interface 1826.

[0084] It is to be appreciated that Fig. 18 describes software that acts as an
intermediary between users and the basic computer resources described in suitable

operating environment 1810. Such software includes an operating system 1828.

Operating system 1828, which can be stored on disk storage 1824, acts to control and
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systems 1704 and 1706. Furthermore, the industrial systems 1704 and
1706 (and controllers 1710 and 1712) can be employed to add metadata
to the metadata store 1702. As amount of metadata increases, the
controllers 1710 and 1712 will be able to make more intelligent decisions
in connection with controlling portions of the industrial systems 1704 and
1706. [0080] With reference to Fig.18, an exemplary environment 1810 for
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terface (SCS 0821 The system memory 1816 includes volatile
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between elements within the computer 1812, such as during start-up, is |
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H820Reinr3ddatkeandeitoBconakane maryiRAM) Abighaets amexterales 1840,
cache memary By, wey ofusation and notiiiagon, FAM b ayalable
illustration and not limitation, video and sound cards that provide a means of
connection between the output device 1840 and the system bus 1818. It should be
noted that other devices and/or systems of devices provide both input and output
capabilities such as remote computer(s) 1844.

[0086] Computer 1812 can operate in a networked environment using logical
connections to one or more remote computers, such as remote computer(s) 1844. The
remote computer(s) 1844 can be a personal computer, a server, a router, a network
PC, a workstation, a microprocessor based appliance, a peer device or other common
network node and the like, and typically includes many or all of the elements
described relative to computer 1812. For purposes of brevity, only a memory storage
device 1846 is illustrated with remote computer(s) 1844, Remote computer(s) 1844 is
logically connected to computer 1812 through a network interface 1848 and then
physically connected vi& conmunication connection 1850. Network interface 1848

encompasses communication networks such as local-area networks (LAN) and wide-
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synchronous RAM (SRAM), dynamic RAM (DRAM); synchronous DRAM
(SDRAM), double data rate SDRAM (DDR SDRAM), enhanced SDRAM
(ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM
(DRRAM). [00831 Computer 1812 also includes
removable/non-removable, volatile/non- volatile computer storage media.
Fig. 18 illustrates, for example a disk storage 1824. Disk storage 1824
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difitahcafmerathdigiial pidesscamenauvieh danvesa, dhd thadike SDhedwandudes

S R RS s A R T RO oo
ifectudibrded £ yampiess seniph o idev pasal|alpostreegahié(porm, house threads to
perform transformations by employing the present invention, for example. One
possible communication between a client 1910 and a server 1930 can be in the form
of a data packet adapted to be transmitted between two or more computer processes.
The system 1900 includes a communication framework 1950 that can be employed to
facilitate communications between the client(s) 1910 and the server(s) 1930. The
client(s) 1910 are operably connected to one or more client data store(s) 1960 that can
be employed to store information local to the client(s) 1910. Similarly, the server(s)
1930 are operably connected to one or more server data store(s} 1940 that can be
employed to store information local to the servers 1930.

[6089] What has been described above includes examples of the present
invention. It is, of course, not possible to describe every conceivable combination of
components or methodologies for purposes of describing the present invention, but

one of ordinary skill in the art may recognize that many further combinations and
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and a universal serial bus (USB). Output device(s) 1840 use some of the
same type of ports as input device(s) 1836. Thus, for example, a USB
port may be used to provide input to computer 1812, and to output
information from computer 1812 to an output device 1840. Output adapter
1842 is provided to illustrate that there are some output devices 1840 like
monitors, speakers, and printers, among other output devices 1840,

whishierase spRGiatRAaRIes: IherepnuladaptessafAninakigesbY: Wa¥ntion

of .illustration and not limitation, video and sound cards that provide a

AdAISad I AReEH A stivl Sl g Btpired st amnd Narireogy shetfBlis
18%8n inshputd her aeleddhakaiiandeyiors N IRAHBKSICNS ff Be\UERS:t that the

provide both input and output capabilities such as remote computer(s)
TO0R6E Comisitiat 9815 Bsfiotirdtdsreanativorkbe daviosHssrerm is

SR RgICBE FRNNRCHONS 9ARE INAFed SRRQLR R CMRLSEIEn SUER ‘RS mprising”
remote co%puter(s) 1844. The remote computer(s) 1844 can be a

pRrEGHYE FIEPARYGR AS FERTHEI A HSKREI D BEldvorkstation, a
microprocessor based appliance, a peer device or other common network
node and the like, and typically includes many or all of the elements
described relative to computer 1812. For purposes of brevity, only a
memory storage device 1846 is illustrated with remote computer(s) 1844.
Remote computer(s) 1844 is logically connected to computer 1812
through a network interface 1848 and then physically connected via
communication connection 1850. Network interface 1848 encompasses
communication networks such as local-area networks (LAN) and wide 30
area networks (WAN). LAN technologies include Fiber Distributed Data
Interface (FDDI), Copper Distributed Data Interface (CDDI),
Ethernet/IEEE 1102.3, Token Ring/IEEE 1102.5 and the like. WAN
technologies include, but are not limited to, point-to-point links, circuit
switching networks like Integrated Services Digital Networks (ISDN) and
variations thereon, packet switching networks, and Digital Subscriber
Lines (DSL). [0087] Communication connection(s) 1850 refers to the
hardware/software employed to connect the network interface 1848 to the
bus 1818. While communication connection 1850 is shown for illustrative
clarity inside computer 1812, it can also be external to computer 1812.
The hardware/software necessary for
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connection to the network interface 1848 includes, for exemplary
purposes only, internal and external technologies such as, modems
including regular telephone grade modems, cable modems and DSL
modems, ISDN adapters, and Ethernet cards. [0088] Fig. 19 is a
schematic block diagram of a sample-computing environment 1900 with
which the present invention can interact. The system 1900 includes one
crarmare client(s) 1910. The client(s) 1910 can be hardware and/or
software (e.g., threads, processes, computing devices). The system 1900
also includes one or more server(s) 1930. The server(s) 1930 can also be

1. hardwaie: Rpe/ QneRfivaren(e. gotpiRads . PIBRE S6R8: COMBIIN G HEYIEES)on a

The serve 1930 can ho#élm reads.to perform transformations b
COTIRYETRGAHE PReEh IRV SR oL v R oSl o BaYiiguation of at least a
pog@mofunicaticnibeivesn, acﬁhpﬁtﬂaglo and a server 1930 can be in the

form of a data packet ad ransmitted between two

compg?ear P c?gees%%‘eqe?lﬁg% S en%S i ATy éjnqe At 8% %Ccords to an
XNMilaméwork 495@dhatrcan betedaployed msdabéﬂatela:mmhumm:atwm phymcal

en.the cli 910 and t erver 1 The C t(s 191

e e ST, B B O ST AP e
Wltismpl@y@dusimbsefamrmahdﬁmmtﬁ thet cltpregsh 9 00cSimiladiyridken by the
phISCPHRN LS8 RBSIARIK BRNBREIRGg. 0ne or more server data

store(s) 1940 that can be employed to store information local to the _

servéits PO3DCTO0BOP W Hitdhadeirami g exdrisaerabbve iHBlutle glEXaipiess of

ma@ﬁﬁk@}p&%ﬁﬁﬁ“thl@}{ﬁﬁt@&{hl ItJisieRf, GRUERE ROt RRSSIIS {:AaSGHDE ANBRYtion of
concelvable combination o% components or methodologies for purposes

thepfaia sepiihgreib (BN BSOS BRC Ghé SeBramaligrefiniFrerl aechayry:
andecognize that many further combinations and 31 permutations of the
present inyention are possible. Accordlna%% present invention is

mter"i‘d%%f‘ GBI DIPSeH At Ati5He Yﬂc‘f&ﬂ ANTSh @ VartatiBiE it e

phialbapvititicidh e-prisinanthsebiperiof ﬂaeia:mpemﬁecgeiemmg:wmemmrmzmmn by

the extent tha the erm "inclydes" i? used in.eith r% e detal

the one or oze Slc entities, the confiourabion base i .part upon the data
descrlp OnO ecalms suchterm I% mtfen e toabe I% USIE/% %

makdrnd msimdar thdtrénteen "comprising” as "comprising” is interpreted

when employed as a transitional word in a claim. 32 CLAIMS
2. The platform of claim 1, further comprising a reporting framework that reports
events that occur within the industrial system, the configuration component employs the

reported events in connection with configuring the one or more physical entities.

3. The platform of claim 1, a database automatically configured based at least in part

upon the data model.

4. The platform of claim 1, an industrial process impiemented based at least in part

upon the data model.

5. The platform of claim 4, the industrial process implemented upon a request by a

user.
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1. A platform embodied on a computer-readable storage medium
embodied on a computer-readable storage medium that facilitates
automatic configuration of at least a portion of an industrial system,
comprising: a data model representative of the industrial system, the data
model accords to an XML schema and comprises metadata that
describes relationships between physical entities represented within the
6. datarmodelsdatahissts that irpesanieRivical &Rtlies, WHiIRMRn by a
industrial system, and data objects that represent processes undertaken
uschy the physical entities represented within the data model; one or more
sensors that determine existence of a new or altered piece of machinery
within the industrial system, the one or more sensors facilitate modification
7- of tHERIPAARBARE UPh TR thE BXRTaficeOrE REW b hteldg! in part
updiese pimastinery; and a configuration component that automatically
configures one or more of the physical entities represented within the
data model by generating code for utilization by the one or more physical
8. entitigs, thefeantigurkation, basedatlzhstirparbuposethecdatalirrablal angloys
neTEiadaa ereiny 2. The plationm gl.daim. b, further comprising a
" reporting ramework tha ré/por §"events thaf occur within the industrial
system, the configuration component employs the reported events in
connecti ' flaurin 0 [ ical entiti : . .
Ot e ign e
theplate wpdH-the data model. 4. The platform of claim |, an industrial process
implemented based at least in part upon the data model. 5. The platform
of claim 4, the industrial process implemented upon a request by a user.
1033 elrhelpitsmesrn el orleimin. 4 meinersrigpF o dUE TP SRTBRRBENiE# filters
infeesiaalian by ¥Sehisde, The platform of claim 1, a graphical user
interface generated based at least in part upon the data model. 8. The
platform of claim 1, the industrial system comprises a controller that

11 empiysplatform of claim 10, the filtering component generated based at least in part

upon the metadata.
12.  The platform of claims 10, the filtering component declared within the metadata.

13, The platform of claim 10, the filtering component generated based at least in part

upon metadata relating to the user.
14, The platform of claim 1, the metadata describes associations between objects
utilized in connection with the data model at least a portion of the industrial system

configured based at least in part upon the described associations,

[5.  The platform of claim 14, one or more links tables utilized to describe the

associations between the objects.
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the metadata to control machinery within the industrial system. 9. The .
platform of claim 1, object oriented programming utilized in connection
with the data model. 10. The platform of claim 1, further comprising a
filtering component that filters information delivered to a user. 11. The
platform of claim 10, the filtering component generated based at least in
part upon the metadata. 12. The platform of claims 10, the filtering
16.COMPRANGKARRIBPUMHNTS R ERIR Ao S AL RRY AT, AR CBIMbritance
the filtering component generated based at least in part upon metadata
beliEeatingitsthe user. 14. The platform of claim 1, the metadata describes
associations between objects utilized in connection with the data model at
least a portion of the industrial system configured based at least in part
upor! e E8EmR ¢ 488 deiktioRs sl rkecpilfotTPeRERIAP 11V SRR o more
of mRaretHiakéakias) vilized i deseribe theurssesipliens-RRWeRRitRE within the
. objects. 34 16. The platform of ¢laim 15, the one or more links tables )
o A HS b e B e JBEHSITy SYHEBISRERNISE ARt £ dgast in
parmgiaddia diesdhbessassaciations between one or more of industrial
device(s), industrial process(es), and computer-related devices within the
industrial system, at least a portion of the industrial system configured
18 basdhatdkésrim g@actaipon, the destrbed d&ssobiationsud8s Hieqlatfarmongst
obj%]::.fsl%'gfigédtqg E%ﬁ%%gﬁ%% Q)?ﬁ?rt' EAIEIUETS gt”?e%%%eag %’R%”QSF t%gj?nc(}éstz‘ial
itilized ih connection with the data model at least a por?lon of the
sysiegustrificwysteasedobfiaret ivasenbatheakssimipad resoorethe described
resources. 19. The platform of claim 1, the metadata describes resources

associated with one or more of industrial devices, industrial process(es),
19and Eberijaterrenitddidetidbe withirmdespdbatrsisyseemssaeiadteth one or

mdP@BiaRREING NdUsTia) SYRIeMeiigure d Ra3EH Alleastin dRRILURAM NG the

- described resources. 20. The platform of claim 1, the data model is based

IndysfHALEYR HarEh FORL S BIMR Set 6 AR RS R 08y Rt SANBgd based at least in

part upon the described resources.

20.  The platform of claim 1, the data model is based af least in part upon one or more
of an ISA 95 and an ISA 88.

21. An XML database comprising the platform of claim 1.

22, A SQL database comprising the platform of claim 1.

23. The platform of claim 1 bootstrapped to a service call.
24, The platform of claim 23, the service call is a hard disk boot.
25.  The platform of claim 1, further comprising a manufacturing framework that

facilitates communication between the industrial system and the platform.
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21. An XML database comprising the platform of claim 1. 22. A SQL
database comprising the platform of claim 1. 23. The platform of claim |
bootstrapped to a service call. 24. The platform of claim 23, the service
call is a hard disk boot. 25. The platform of claim 1, further comprising a
manufacturing framework that facilitates communication between the
industrial system and the platform. 35 26. The platform of claim 25, the

26.maﬁpﬁ%}é_{m%r@ﬂ’eﬁa\fvﬁ)%%@H{iﬁﬁ%&ﬂﬁlgg MHeAfIecRY UG ne or more of
framework, a collaboration framework, and a portal framework. 27. The

2 rNAFRTTMA R L AR SBEYRE BFekfEmsrgsaka store. 28.
The platform of claim 1, further comprising a transformation component
that_transforms data within the data model from a first format fo a second
format® &“ﬁ%ﬁ@ﬁ “t%?ﬂﬂo%&?ﬁ? AR ERE IR D ST S AP tRe
second formal being XML. 30. The platform of claim | facilitates
automation of industrjal systems at disparate geographic locations. 31. A
28 g ot SR ot A o SF e SUAES A g AT et YRE RS St
traitustrialawtematidre, domprisihfoa edimpdnenstthat retheddsrmatadata
associated with an industrial environment, a sensor that detects an
industrial device added to the industrial environment; and a configuration
29.compbnaretian adtdaatithlhacbriigorost the ng ddtrmidddecctadHermal being
xnNfidustrial environment based at least in part upon the metadata. 32. A
method for automatically configuring at least a portion of an industrial
system, comprising: receiving a data model that is representative of the
30indusifial sysiEme theaARtR mRndel.coniormadn 8 KMSehamaRNg: disparate
comprises metadata that describes relationships between physical
LEQHIRRRIS 1aEHE&Ehted within the data model, data objects that represent the
physical entities within the industrial system, and data objects that
.. represent processes, yndertaken by the physical entities represented
3Swithi tﬁé“&g’tae}ﬂ%%%ﬁgcc?fﬁfi@u?ﬁ*\’dpgtﬁﬁ'a@ﬁ%‘élﬁ/iﬁﬁ?ﬁaﬁ?e TSR 8Y s ates
indoytgenenatingi codeapdsiagplying the code to the machine based at least

in part upon a user request and the data . . . . .
a component that retrieves metadata associated with an industrial environment, a

27

sensor that detects an industrial device added to the industrial environment; and a
configuration component that automatically configures the industrial added to the

industrial environment based at least in part upon the metadata.

32, A method for automatically configuring at least a portion of an industrial system,
comprising:

receiving a data model that is representative of the industrial system, the data
modei conforms to an XML schema and comprises metadata that describes relationships
between physical entities represented within the data model, data objects that represent
the physical entities within the industrial system, and data objects that represent processes
undertaken by the physical entities represented within the data modetl;

configuring a machine within the industrial system by generating code and
applying the code to the machine based at least in part upon a user request and the data

model,
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model, 36 sensing whether an alteration to a physical entity within the
industrial system has occurred; modifying the data model upon sensing
an alteration based at least in part upon the sensed alteration by at least
one of adding, removing, and altering a data object that represents the
physical entity; and re-configuring a physical entity within the industrial
system based at least in part upon the sensed alteration. 33. The method

of claim;32.theeetpdata JHRDES JoRcHRRSIRROULARS:ARSAFIRRINI dhehas

physical entities. 34. The method of claim 32, further comprising: receiving
oceetdilata associated with the sensed alteration, the metadata describes

relationsbips:af thealteref Physicahe it it physicale ntitie s\ Withimon
the industrial system, the re- configuring a physical entity within the

theeRfseial STAtemis Hasay apdeistdinsaremon tha sbAseind ferationPiss that
repRecieeaived yriekadatay; hd

re-configuring a physical entity within the industrial system based at least in part
upon the sensed alteration.
33. The method of claim 32, the metadata further describes resources associated with

the physical entities.

34, The method of claim 32, further comprising:

receiving metadata associated with the sensed alteration, the metadata describes
relationships of the altered physical entity with our physical entities within the industrial
system, the re- configuring a physical entity within the industrial system is based at least

in part upon the sensed alteration and the received metadata.
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