Title."  DYNAM C SCHEMA FOR UNI FI ED PLANT MODEL TECHNI CAL FI ELD [ 0001] The
present invention relates generally to industrial system autonmation, and
more particularly to automatically configuring an industrial system based
at least in part upon netadata associated with the system BACKGROUND COF
THE | NVENTI ON [ 0001] Advancenents in conmputer technol ogy and software have
enabl ed communi cation to occur al nost instantaneously. For exanpl e,

t hrough emai| an Tiki vDINAMIG SERENGY KORAONETESD RieANTAOWENt , i mage,
message, or the like froman individual in California in a mitter of
seconds. Such advances in technology are not |limted solely to

communi cations, but directly or ppekicechkh ywmaf Hect every busi ness and
i ndividual. For instance, industrial control systenms have enabl ed nodem
factori es 060beconme Parpresint inventioorehates gdngrallytto induedal systerny

ci rcunstances, there redugi COSI S assoei a wi.th th and
consequent?@o%ﬁ%(g'i’ e C‘@%&/ S %ugﬂ%? ﬁ%a%lytcéggguégl salﬁlr%%(r?"%‘gh%g%g{ﬁ%ﬂfo
further reiﬁiiéé@aﬂ@ﬁtﬁqﬁrtxgidﬁdﬁ@th&a@asdoaﬁwwiﬂa{he&yﬁ&@ns have becone

i ncreasi ngly automated. For exanple, programrable |ogic controllers (PLCs)
can be coupled to various machinery and control a process that requires

precise timng between acéh%ﬁb%g)ﬁﬁ@meweover, as

conmruni cat i ons technol ogy has cont1 nu 0 advance, I nterconmuni cation

across geo@wephi ¢ boyadakkmsnttas cenplteettcmodedyandfsoftivate lidvatrabled
manuf act uri ng environnments. For .instance, a _first |?I ant-inh a first
geogr aphi cCITyEERICHIPIEA N HE ampstinEantaReonalyyu FAt e Wionabempl 8he, while a

Second 21 Ayl REONLOEAGLABAES dREALMOMARNIRABIRE Bk ffor an

manuf act ure a correspondi ng W ndow. Vi oUS ineffrciencies in
manuf act ur indgy swall dCaldsti4 in £ mattéraof sgeaals e Sucluabencasfin Wichudesy wemet cr eat ed

For mai nt alAAG SRS 6 REBEETHORWE T8 F SHreF CUSTeN SPEN G A or
recycling LAg:iN0eySiniBccPmdbGai] E6fo] PULA! hAk LREHIBImoBEmTRAEH ! Bd
wi ndows to neet design spetifications for a disparate w ndow frane may be
required. Hdese mrikllytoneomplettly aaoematéd rmaysusimsadess thireby reducing
costs-associated with the factory and consequently passing on such cost reduction to a
consumer.
10002} To further reduce costs of production, industrial systems have become
increasingly automated. For example, pro gfamable logic controllers (PLCs) can be
coupled to various machinery and control a process that requires precise timing
between actions of such machinery. Moreover, as commuhic_ations 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 reéﬁired, 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



manuf acturi ng systemthat do not have an efficient
communi cati on/ aut omati on system associ ated therewith. [0003] Systens and

- ‘met hodol ogies to facilitate automati on across geographic/industrial system

boundari es have been devel oped and i npl enented in various factory
~ settings. Such systens and net hodol ogi es, however, are typically

rul es-based and are not flexible with altering requirenents of a
manuf act ur imagufatiuting sveedh thatdo neXadvR!e, effciBRNdIASINEAHRY/ ad8W S8 n khatm
repl aces an outdated manufacturing device within a system may not be
conpat i bl e2itPtAtCd thEsWidlevi ces in such system given a desired process.

Accor di ngl expe I ] d one famliar wth the
syst ent dewyoc?g§ S rqu srtéergS %g(mr&g%l g?lgéﬁggﬁg\%l@%ec%ﬁggﬁ%ﬁgoﬁ th ot her

devi ces wi phignaphiwingystisinyasmigiundasest hee bedpitveloped atd @iprmhbatd anabl es
aut omati on. l%gﬁ#i ri n% this extra inplenentat] on_o%} a device into an

exi sting sySBMILLYPELngs, %ﬁyﬁﬁ?ﬁlsépdﬂ?éh%%?&% hewester.manbpinatly, and
addi ti onal gaskased BIXR:8, f@.ﬁjg ' ' Simlarly,
i npl enenting a newa%%gggggﬁhéi | e lﬁlt%] (4 %%ﬁ?b@gﬁg%%ﬁlg&négﬁ}%gcan require
a subst ant émiiroamguntFoofextpie, a fi00&Lfoume evice danmaphiceatn enditednput eri zed
conponents_e oyed i,n.connection with industrial_automation systens may
not be pr o‘ﬁ‘@%‘:‘ﬁ%ﬁ AGArey s BsisE Y gel bcamragh gthgndgveses dat abase
entries tosRhésaem Rk LXATB gﬁoc@s&. INQUREAHR andhOTRE LRy RYSt em may be
configured to generate a database according to a proprietary internal
format. SuPlRSHsBMESad oho e withyhdryswerdevadsl iy rdjuspt ayeddenthadédeenat

that can b iewed fromrenote |.gcations, wherejn such renpte | ocations
have not b(goerﬂ ?El‘éffg‘%% 0@8&%?‘8?%6" ‘ﬁﬂn SYBEBLE Vé‘feﬂa‘?sgfﬁ? GoRggter Plﬁtf%%‘hgé’ﬁti onal
i ndust ri al exableoaBoh@FosY REGMEing thlk Sxifd In8f1ahbRR: & o0AIARASRf L g

requires a conputer progranmer to generate code specifically for the

t r ansf or ma®StsH! KWelitea dorsimstad thesistenprioy meamriovs, ksd rddidetrdsed of @nd does
not adapt ) Lerl itions of. an.industrial system Further, if
t he dat abase ar.eergghr?g%;lhac%gﬁ ]I%%qgrrnélgg %((’:P‘(%. g,ﬂytlﬁgﬁﬁﬁ?rgﬁlé % BOETe a

const ant fwhile ufliad exiftirQnegeaRsan san fRGHE BIYstadtBDMhodf @MigRer ators, ...),
a schem ng)ﬁ ing froma first format to a second format nust be robust and

adapti ve, lagai n E@&W’r@@%ﬂ@@%ﬁmﬁﬁoﬂﬁpﬁvﬁmﬂ eumenents Lopbiskdetor di ngl vy,
e o Sty e i S B A

automatically configuring an tndustrra Ghiti gating
needs for mrpety dgivegdasbisegusitsrdachase entries to a user. For example, an

industrial automation system may be configured to generate a database according to a

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.

[0005] 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.



SUMVARY OF THE | NVENTI ON [ 0006] The followi ng presents a sinplified summary
of. the invention in order to provide a basic understandi ng of sone aspects
of the invention. This sunmary i s not an extensive overview of the
invention. It is intended to neither identify key or critical elenents of
the invention nor delineate the scope of the invention. Its sole purpose
is to present sone concepts SOFMMAERYAMERHEINVENBIEN npl i fied formas a

prelude to nor e tal ] ed. description al is present.ed |ater.

00064 AccdMBbhg 1 o ahetpliviabgecenBe sHetBikuiedy B Fim it e o
provi ded aiphaiiRranLrhedtRtnadhed GO UbRicts'F AkaiRkentRhOTRE Suiir M dopat
facilitates automatic configuration of at |east a portion of an industrial

system comprekiehsiye avatsiew afobeinveeiime diap idended topeithse ideptfydiay alcrigigdt em
wherein th e r . ' a
t hat descr%%%%kgéﬁg@?%wgﬁﬁgé ﬁé%ﬁggﬁs%%%%%%a?%%H??gFgﬁUﬁ%%?%@%ﬁ%%%gaéthin
t he data mpesént sdakaonkdpecsXhé dienti@pinesamplifiliefophys iaqatludatd the esrov t hi n

t he industri al iégten1 and data obj?cts that represent processes

under t aken dgi1l¢ fﬁﬂy@@h%@I@ﬁ¥¢$W@§‘?@bresen;eq within the data nodel; one
or nmore sefgea) t hat deblele A% ﬁqgastgb&rbfﬂral)&hsfeh%%ﬁbn, Blerd RPRYAedf @

first physical entity wthin the industrial system and a configuration

conponent Phdbraenhedicdoal 4 spremvgrigedable deragomedivmethat fagigatesapseraatic
entities r it hi : n i: .
Ities %&B@i?ﬁio%dof‘% Iéag{r?o é&gﬁoﬁgg% {399@%?1@[(,5@& g(Erﬁ ﬁggg%%qg@a fnBfel

utilization e one or e p ] | es, figuration based
at | east i reppesentatiponf théndiwtrinl systesh, witeindhediia modplacedids tavireXMIn t he

dat o ol <t Bl RSP0, U AL EEL LSl b 08 e o

nodi fication or renov I'Tst physical "ent
cont r ol | er rapegesisd ntithin tictdataxnbthe, dis abjectd diat represemichephysadal ynirtessr ogr ammed
based on the,nodi fi ed data. nodel,., [ 0006 ccording to a second,aspect of
Pheer coen NI Bt kR e gab e ESPRE PR R RERNARREC 0

pl at f or m agedeivsiosicnititied feprdseiitsd watipethe dafaGhdiEt joAe oonwira genkars dhdt diteck

cspect o LociRisserhNEntl on, LEre, b Brori o, ik dBlaREss
system; 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 entities, the conﬁguraﬁon based at least in part
upon the data model and metadata therein; wherein the data model is modified based
on the detection of the addition, modification or removal of the first physical entity;
and a system controller represented within the data model is automatically
reprogrammed based on the modified data model.
[0006b] According to a second aspect of the present inifention, there is provided
an XML database comprising the platform as defined in the first aspect.
[0006¢] According to a third aspect of the present invention, there 1s provided a
SQL database comprising the platform as defined in the first aspect.
[6006d] According to a fourth aspect of the present invention, there is provided a
system comprising executable components embodied on a compuier-readable storage
medium that when executed on a processor facilitates industrial automation, the system
comprising: a component that retrieves metadata associated With an industrial
environment and generates a metadata based model of the industrial environment; a
sensor component that detects an addition, modification, or deletion of a first industrial

device; and a configuration component that updates the metadata based model in



[ 0006d] According to a fourth aspect of the present invention, there is
provi ded a system conprising executabl e conponents enbodi ed on a
conput er -r eadabl e storage nmedi um that when executed on a processor
facilitates industrial automation, the system conprising: a conmponent that
retrieves netadata associated with an industrial environment and generates
a net adat ardspeed torddelcteofedtadditiomduwtificatior prndelesiomentd autoreagigsltiy  conponent

that detects an addition i fi I 0N, 4 j jndustri al
devi ce; andH'&EERITGIF glofr%ﬁl%g%%agﬁéedﬁ egtbﬁg‘{d aggf!&g%]}elg)gftﬁéoﬁgéa@%tghbas ed
nodel in negdendasddmdbdd. det ected addition, nodification or del etion and
automati ca onfigyres one or re ingqustrial . devices . st in
part upon H‘féﬁépdat eg‘cffgflg’@at?é? %S@e%oggli;e_ prf%b%@f%&%%ﬂ%?%gq?%&lgéﬁaf th
aspect of phgogresanémiivaiRtdoafiguiihiestéedssa potioh d€ dn induetriabglsfear,
automatically configuring at |east a portion of an_ndystrial system
conpri si ngCORRIEBRE TFFIANY a@atarrﬁa‘iq& thay gﬁ reprsese;né.?ﬂv&og rtilﬂea]ﬂ]ﬁk}%n?}fsy§tﬁé’

i ndust ri al waYsheme MAGh&ieD cbierdatal RNl schombandBorprial mdvhdasciherma and

conpri ses netadata that describes relationships between physjcal .entities
r epr esent edesaribes ralafineshipg betweasphysisat eptbss W%ge?tﬁét‘mﬁ‘érbﬁ’@é%ﬁm?%i

physi cal epiih bhRets'thd Iﬁ%}f}e%?tﬂemﬁhﬂi titisysitBmthandugtahpsyeieahddithat
represent processes undertaken by the physical entities represented within
the data nodjedts thadraprepant prgeesseradicrakag ByHhe Phyecal ARG rPRIPSCR{Ed vy

aut omat i cal.y;,gGA6HAL IA8 ﬁﬁﬁﬂg 2 ALhBRRIIMR Elﬁtiﬁtgusﬁ‘?ﬂ QydiOm Y ithedtich®y based

at least in part upon a tser request and the data nbdel, “sensing whet her
an al t er at gawrratmgaoflé and appilyivigdhd caslettp the mpchmeabaserdbat laepl 81 PArbIPOASHSETN
occurs; nodifyin e .. ' I Lok B b o9 By sensed
alterati onreﬁillgsétag ﬁlEehra&sc{aga?%lgd%?&213@%%8@%?62%3?%3,10andzp gfst ring a data object
t hat repr esdéthirsthe helufiriak syspiny stoas; medifying thadatasadshbascd at legst geprat at | ng

software to re-confi re a second physi . i Wt hi he | stri al
syst em basSRPIIHC ?‘W@e%&?r 1Ay %%&qga&ngé%bfﬂ[dg%%%b%iaﬁg%éﬁ%é‘?%% present

[ nv](? ntion pisjestithe éaprtsge_sltﬁhe m?/@ysigﬂteln?@ lan@yutbmat_icaalﬂwggmtﬂaﬁag fsqftwa}[re to Con
configuring an_ndustria st em .Benef.i t,s .agcordi n enbadinents o e
present i n%é*fﬂfﬁﬁgﬁrq %?ﬂcﬂﬁipﬁ%hcf&? Sﬁtrlt_gtwlﬁ‘ﬂn 5)1?6 ]flﬁ%?%éaﬁ P ?’%?m%asérgoondtfhe _

devi ce(s)/ plbagrRIafShoddlt hout requiring nmanual |y programm ng interfacing

t her ebet ween. Further, enbodi nents of the&%)r.esent i nvention %row de for

automati c BOREr at i onEarhedanente ofihe REessnt 1BKIHIRRLLAVide2 BEEmAPYOed i n :
CONNECL | oo R ST ST 5B AP DR 1 2D

to store data relating to an i1nhdustrial” environnent within a database that
can be vi emabodimedissybdireapresdnd cateirtios inchsiespofigighjon efindndtriadat abase or t he
gnal browser.

| i ke may be desi.rabl e allow for..viewi ng,,Wwth a _convent.l
Mor eover , &?Vlﬁ?%°%§¢%a% oYt SR AR Hﬁfggrwm%u%%}r%ct ion platfoimin
a data st ofiRrBbtvieeRaF brited] dhibd bRk of [RGN&hhavakrepranide Giratonkgicef i t s
can be acconplished by utilizing . ) _ _ .
generation and structuring of databases to be employed in connection with an industrial
environment. For example, it may be desirable to store data relating to an industrial
environment within a database that can be viewed at disparate locations. Accordingly,
an XML database or the like may be desirable to allow for viewing with a conventional
browser. Moreover, it maybe desirable to store an industrial automation platform in a
data store of a particular format.
[0008] The above and other benefits can be accomplished by utilizing
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

3a



metadata in connection with intelligent conponents that structure and
anal yze such netadata. The netadata can be utilized to define/describe
rel ati onshi ps and/ or resources between physical device(s) within an

i ndustrial environnent, process(es) wthin an industrial environnent,
resources between software objects and/or applications, associations
bet ween sohppladaton) heotiatiamdictweapliivead blnjmis amlick dpiplicdtidos, andithe Hke., t he

nmet adat a cannot only describe rel tlonshl bet ween obj S not
i nherit fr&wiBefethebitadata capget H%F%¥@ﬁ€@ E?“ggmﬁﬁﬁg.ﬁfﬁﬁ%g o P

relati Onsr‘hﬁx%n?@&%ﬁ dP‘Bﬁt &E’dﬁﬁﬁ& TS inkBARA LA EHBh RN HeEwdnat
robustly describes the Inddstrial environnent, and enabl es generation of a
r obust replvmmtcajectsnTbtﬁs nietadatcustoxisathagrobiustbndrseribesdbodssical a r obust

met adat a- dri ven re %)tlon enablﬁs qut na&;gta nf| ratdu f softmare
appl i cati oﬁ’%‘”%fg’% Ian EPPIRTSGERLPT 8ha 61°Y ﬁ&?g 8&1 AT CR SN and o

process( es}ynWdntent.t he i ndustrial system For |nstance a user can request
that a particular process be configured and inpl enented. An anal ysis

conponent d8#0%nal yzeSuche rﬁ@@%ma’éﬂxﬁi%Yeélrr?Pf\ﬁﬁqﬂFﬁthteH@?l%%/%‘%t@Wféﬁd

autonatlcall f I i t
. request ed p %% Qﬂ&g&? ﬁﬂg%igﬁﬁgﬁé %égg&%%wc ﬂm%%?gggggmggkﬁleskggzeratlon
of sof t war enéby pricess(edywithdckhé mdutshal shessdnn. ol énstampé. enesat G roguesatidt a
dat abase generation and structuring that is utilized to store/anal yze data
relating to the requested process. Such automatic configuration is a
substanti al benefit over conventional industrial automation systens, which
requi re manual programm ng of software required for inplenentation
[ 0010] I n accordance with enbodi nents of the present invention, netadata
can be collected according to particular users. For exanple, user
identity, user access privileges, etc, can be defined/ described within the
nmet adata. Thereafter, when the user desires to view data within the
automation platformaccording to enbodi nents of the present invention,
filters can be dynamically created that provide the user with only
pertinent data. Such filters are beneficiary due to robustness of the
industrial systemrepresentation. Specifically, if the user were provided
with all data relating to the entire industrial systemhe would be
overwhel ned due to massive quantities of such data. Further, these filters
can be built directly into the nmetadata, enabling themto be adaptive over
time with respect to alterations in the industrial systemand alterations
Wi th respect to users.
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[ 0011] Moreover, a controller that is enployed to control one or nore

devi ce(s)/process(es) within an industrial automation environnment can
utilize netadata associated with enbodi nents of the present invention. For
exanple, a controller can be provided with netadata that describes/defines
the industrial system and thereafter utilize such nmetadata to control

i ndustri al paeihiaefakipbonesis(ed)and Asiplonreatade Aadatlasis sogporematad and

accessible to th troller, . intelli t decl si b
made. " he. cBRePOMearctidap gret gionachs ol LBl L SO B BRI ng
associ at | Ora%vfég%? R&irkdd iEp1ERERIRS RoqubRed @&@ém.l Hurthér, lah AkSlytig bl iecan be

provided to enable the controller to quickly locate and utilize netadata
i n connect intadata tnabbasteendriimgolasofivrade sbiestarequirethitidhpdestels. [ 0012] To the

i sh f the f i d rel !
ot i on tRERsoR B FRPPEsdRral B ShaRi «FIRRMAELED vou ang

par ti cul ar IsjorgahdiyRdtelitihgtih eheClegiiied prbeess. uchwitdgade sorifigitratton iand t he
annexed drawings set forth in detail certain il]ustrative aspects of the
i nvent i on. SYhatiahbenedit gverrconyemiiongl ndestrigl sitapation systeine, whieluigdsie  he

vari ous wa ' biathhi Laci nl . | 3 may be enpl oyed and
the presen%ﬁal‘n?\cn/de%alﬁon |21§iolrg%eéﬂ?1‘§e r’?@ﬁﬁﬂ%@%ﬁ@‘%ﬁ aspects and their
equi val ent §0010] her objnectsrdaactwaith anbsdiardtstd\kd preeat investiaf, medvelaiamaent i on

i1l bec t f the fol | ow tailed descripti f th
Unvent on WRERTGUHLHEBREER forpeBt B or oI ot Qo s ERCEs
DESCRI PTI ON; Qe ddabe DRANNGER b &P A Fbed whthinSthé nitt@Bml eN@bafld OfKertthagsam of

a systemthat facilitates automatic configuration of at |east a portion of
an i ndust r ideiresye visw data sidibin danvtonition isfammseerds to gmbpdiaag of the

| nventi on. present invention, filters can be dynamically created that provide the user with only
pertinent data. Such filters are beneficiary due to robustness of the industrial system '
representation. Specifically, if the user were provided with all data relating to the entire
industrial system he would be overwhelmed due to massive quantities of such data.
Further, these filters can be built directly into thé metadata, enabling them to be
adaptive over time with respect to alterations in the industrial system and alterations
with respect to 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 embddiments of the present invéntion. For example, a controller can be
provided with metadata that describes/defines the industrial system, and thereafter
utilize such metadata to control industrial machine(s)/process(es). As more metadata is
generated and accessible to the controller, 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.

[00X2] To the accomplishment of the foregoing and related ends, embodiments
of the invention then, comprise the features hereinafter fully described and particularly

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

in detail



[0014]Fig. 2 is a block diagramof a systemthat facilitates automatic
configuration of at least a portion of an industrial systemin accordance
with an aspect of the present invention. [0015]Fig. 3 is a block diagram
of a systemthat facilitates automatic configuration of at |east a portion
of an industrial systemin accordance with an aspect of the present

I nvention. 100161Fig. 4 is a block diagramof a systemthat facilitates

aut omat i ¢ &oRfd BHEAkvO Asfebis il theeRSbntford OHebOabpedts afk ih@idusle] héweviy sdfem i n
accordance wth an aspect of the present invention. [0017]Fig. 5is a flow
fn

di agr am i | bustiewof Ay varimes Wertoinoglich dre mncanestafdh nyerEm PguPe ng at | east
a portion of .an in trial systemin ] ..t he
or eoent § BT Boimspe R B I RRAR GRAgRa Pl PERTE b
et hodol ogyqufientd. | b@Ed difedd@tadvantages and novel features of the invention will
become apparent from the following detailed description of the invention when

considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Fig. 1 is a high-level 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.
[0614] Fig. 2 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.
[0015] Fig. 3 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. P
[0616] Fig. 4 is a block diagram of a system that facilitates automatic
conﬁgufation of at least a portion of an industrial system in accordance with an aspect
of the present invention. _
[0017] Fig. 5 is a flow diagram illustrating a methodolegy for automatically
configuring at least a portion of an industrial system ir accordance with an aspect of
the present invention.
{0018] 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 mvention.
[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. _
[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.



within a netadata driven automation platformin accordance with an aspect
of the present invention. [0019]Fig. 7 is a flow diagramillustrating a
nmet hodol ogy for automatically generating a database in connection with an
i ndustrial environnment in accordance with an aspect of the present

I nvention. [0020]Fig. 8 is a flow diagramillustrating a nethodol ogy for
automatically confi guri ng at | east a port i on of an industrial environnent

i n accorda W th ap. a c f ' . 9is a
fl ow di agr gﬁﬁl I ustr a]tgl %g ahcr}g/t%%%g?q{l gaecff%ﬂgdo(?%y fo; 89&% ga%ll on and
automat i cahppticsosf mwutmgara:augub@ﬁ@mn@mnmaﬁﬁmdmmm 't&lsed ﬁasdst im part
upon the decl arati on 100221F| g. 10 is an exenplary transformati on of an

aut omat i onPHt BRGnghA desleaiion.

[0022] Fig. 10 is an exemplary transformation of an automation platform from

a first format to a second format in accordance with an aspect of the present invention.
[0023] Fig. 111s an exerriplary filtering embodiment in accordance with an
aspect of the present invention. |
- [0024] Fig. 12 is an exemplary automation platform that automatically updates
association/resources between-obj ects in accordance with an aspect of the present
invention.
10025} Fig. 13 is an exemplary embodiment illustrating control of a plurality
of industrial devices in accordance with an aspect of the present i'nvéntion.
10026} Fig. 14 is an exemplary configuration of a plurality of devices in
accordance with an aspecf of the present invention. '
[0027] = Fig 15 illustrates an exemplary manner in which metadata can be
employed in connection with a controller in accordance with an aspect of the present
mvention.
[0028] 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 sef

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



a first foonat to a second format in accordance with an aspect of the
present invention. [0023]Fig. 11 is an exenplary filtering enbodi nent in
accordance with an aspect of the present invention. [0024]Fig. 12 is an
exenplary automation platformthat automatically updates
associ ati on/ resources between objects in accordance with an aspect of the
present invention. [0025]Fig. 13 is an exenplary enbodinent illustrating

control of a plurality of .industrial devices in accaordan | aspect
of the_pre@@ﬂ%ﬁﬁﬁvgﬁ?¥5W#t?%@?%?LFﬁ?Fqﬂl?@yg%p§§§ﬁ%‘%£$n§§ﬁ¥%é%?gﬂidn of a
plurality gdlevibo@fr inkiAREQFIANGRW dthicARcfidelicef arbRRoph @sBlatk

I nventi on. [0027% Fig. 15 illustrates an exenplary manner in which netadata

can be enpilegemn fonmon erdse to Geilitpte deweribing the Presentipveatedr dance with an

aspect - of [(R&ﬂjr es enE’\s iu@élcfe ﬂlttiu% rgt'pplication, the terms “coraponent,” “handler,”
“model,” “system,” and the like are intended to refer to a computer-related entity,
either hardware, a combination of hardware and software, software; or software in
execution. For example, a component may be, but is not limited to being, a process
running on a processor, a processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an application running on a
server and the server can be a component. One or more components may reside within
a process and/or thread of execution and a component may be localized on one
computer and/or distributed be‘fwéen two or more computers. Also, these éomponents
can execute from various computer readabie media having various data structures
stored thereon. The components may communicate via local and/or remote processes
such as in accordance with a signal having one or more data packets (e.g., data from
one component interacting with another component in a local system, distributed
system, and/or across a network such as the Internet with other systems via the
signal).
[0034] 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 a 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



[0028]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 systemutilizing a nmetadata store to
control device(s)/process(es) within the distributed industrial systemin
accordance with an aspect of the present invention. [0030]Fig. 18 is an
exenpl ary operating environnent in mhich the present invention can

G e RES N o SACS MU R
THE | NVENT}{Rhtion can span all industry segments.

[0035] The system 100 includes an industrial system 102 and an automation
platform 104 that comprises a representation 106 of the industrial system. The
industrial system 102 can include various industrial machinery (e.g., pumps, pfesses,
conveyors,...), programmable logic controllers (PLCs), switches, sensors, servers,
databa_ses, or any other suitable software/device that can be used in conhection with
an industrial system. The representation 106 effectively represents entities 108 within
the industrial system 102 by employing metadata 110 associated with the industrial
system 102 as well as software objects that are employed to represent such industrial
system 102. Metadata s data that describes data. Conventionally, metadata has been
emploved in connection with the World Wide Web due to a need to locate particular
information amongst a massive amount of information. The system representation
106 is more intelligent and adaptive than conventional database representations of
industxial systems, as the metadata 110 can expand and change with' sYstem
alterations without requiring an expert programmer. The metadata 110 includes data
that defines associations between the system entities 108 within the automation
platform 104 (and within the iﬁdustrial system 102). The metadata 110 can further

~ include definitions of industrial processes that occur within the industrial system 102,
and the system entities 104 can include representations of such processes. More
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 1s 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.
j0036] 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)



[ 0032] The present invention is now described with reference to the

drawi ngs, wherein like reference nunerals are used to refer to |like

el enents throughout. In the foll ow ng description, for purposes of

expl anation, nunerous specific details are set forth in order to provide a
t hor ough under standi ng of the present invention. It nmay be evident,
however, that the present invention may be practi ced w thout these
specific details.. Ln other instances. siry - devi ces
are shown WHB RIS SEHERSFH F‘ﬁ“&?&? ?ﬂs{%lc? Skcmp Y8 gﬁ%é(g@}e?%%g t he
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"conponent, " "hand " "nodel ," "system" and the |like are intended to
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accor danc eth\é\"a{n!arr?xtﬁﬁ gpﬁ]i}onﬂ%ﬂ’-’t n gopﬂ@taﬁfze RisfendabPa RAS bﬁ’k(@ of BaGhinedaad from
one conponent Interactin anot her ‘conponent in a local system

di stri but ek &gtejt@hhnthﬁﬂ/oonﬁgmam campetendi k2 sanghromst ¢ heer knemeiractadpte h

ot her systeps, via the signal rr now to the dra Fig 1
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aspect of § ﬁmﬁﬂf Glata PRI comfiihrd HRSAMNiALRY, SRl ipdhided thgsattora novel
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system 100 t Itates automation of one or nore of a manufacturing
process anotharsuaabletiyta eﬁaf@ftmoyxmamdmmsem Uporoeedringdevoiepresiided at | east

in part by oft or I’OVIdI fra ring
system an’aleféa %&Hﬁ’s(? %I]FW such n%vﬁloerlgﬁ%%j{ﬁg&% ;dgonpl eted
accordi ng {9 &, mpé?}ésgﬂtgﬁ{gn mguf act uri ng needs Accor di ngl Yy,
alterations in a manufacturing systeniprocess require the software vendor

to nodify ﬂlﬁéﬂsoftwa?etthwc%@mﬁtgemtﬁﬁe cappPRItAt 7 SHESIAPREREY| ons.
Furth t | t
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per spect i veepstsgntatom E9G sRoTSBFtERGEy BeRet Hcan inclu Srmidkion 7& ating fo
a particular user of the automation platform 104, such as user identity, user privileges,

user activities, and other suitable informatien that can be utilized in connection with
creating an appropriate user interface. Thercfore, a customized user interface can be
automatically generated by the configuration component 112.
[0038] 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 & plurality
of sensors and can generate a substantial amount of data relating to manufacturing
system(s)/process(es). Conventionally, coﬂecting 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



;- representati

custoner applications. Further, the common nodel that is facilitated by
the present invention can span all industry segnments. [0035] The system 100
i ncl udes an industrial system 102 and an automation platform 104 that
conprises a representation 106 of the industrial system The industrial
system 102 can include various industrial machinery (e.g., punps, presses,
conveyors,...), programable |logic controllers (PLCs), SmAtCheS sensors,

servers, database ther sU|t /dev t _can be used
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can be employed in connection with the XM schema. For example, ISA 95, ISA 88,

and any other suitable standard employed in connection with manufacturing can be
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[ 0037] Furthernore, the configuration conponent 112 can automatically
generate user interfaces in accordance with the netadata 110 as well as
interfaces that facilitate data exchange between the industrial system 102
and the systemrepresentation 106. For instance, the netadata 110 can
include information relating to a particular user of the automation
platfolin 104, such as user identity, user privileges, user activities,
and ot her guiilall ¢ dibQIIBLLRBE &J&@p& hBfia Wrdd doASS bR F AR ARGt AW t h
creating an appropriate user interface. Therefore, a custom zed user

i nterface platfobe 184 ditetstandbidy cgrebe paplgebyn cdmmectonf wigludath ienchangeponent

112. [0038] Mor eover,,. t he nfiguratio nt 2 n be enployed to
aut omat i caPTRYE} FEERDrE 4 g%ﬁoaé’g%@%?%} %@%Qﬁ%ﬁ%’i&%ﬁ%ﬁ@%&‘{%@mﬁ ing to
the i ndust {ifdor sysicapk02. For exanple, the industrial system 102 can

include a plurality of sensors and can generate a substantial anmount of
dat a rel at [08¢1} o nandiacuniigty Bgs.angysictprYribeiieeidijates@ytnresitd onal |y,

|l i h i red b nt dal .of '
o gener ar St anad et SHPLER DaReRPDER kPP e Rhoe Rl Frei = "

col | ect ed, intRidt f)hm;a'n BeWes ) eb4ath ROHHashindePBES radks 1OBIBRabesow user to
request data collected froma particular nmachi ne, set of nachines, and/or

process, ap@er eiiities assogiaicdtwidnmewHpeNeag systang utisnysical dayigenalarces a

dat abase siy . a i r j : . The
Cont i gur at {50 AL G RybEEI LR 2 HRBC LRRNGE MBabRRLRILBS: TT
det er mi ne g@ER] AL othersense cShputantklitae iteink e Thild, Hiephivhieal dewditetd) 284 system
, 102 that should be nonitored to acquire the desjired data. For_exanple, the
* confi gur at I6HdesRpeREHER! $aitythat %g@reséd%ﬂ MaGUEies m%%aﬁssﬁgt‘é? 200 Ebnfigure

t he physi cals,. sV ) : I @ abase
hat "ot oiuSialt SReP207 Bhe: BRRAL biocBAS7Els nlfite ShicEALE Siduf dk

r epr esent aindastrizD&stem pen Falexaantt, b ipdurakityad dicephlyti@ali devpals 204ban , t he

i ndustrial system 102 can be auieorrati c lé confi ?g@édgg{%lr a, desij ra?d

process. FOREREM CHYPRHRELe CORBIEiePRs FpF BIREESS(FY) ¢ hNERE tBRINGUER:

noni t ori nggdhey QP%}_cess and controlling the process can be autonatically
0

structured to c ect/organi ze data associated with the process. The
gener ated H#2bases Ganirssirial systens 002 &bk ethephpsits] derick(ap2rgar®idpr thXM, and

any ot her suitabl t.abase f.ormat/l.anguage. | n accordance h.one aspect
of " the. pr cBRRESGT D B AIOPRECL Do EI0 e PaeREyaerarllorRat i on o
a dat abasegfibRian blateim $dlutkek ldrs?étbﬁl_%y@g@métﬁg-ﬁwg Qhére] SRAEAERities
structure/l anguage (XM.) to enable view ng of the data on a browser.

[0039] | n agtbananpessaiadbyydata sinutires (agpere orghorcdiqsises Batichlatignthieon, t he

aut omati on_pl at f or.m N n_.extensi bl t,omation pl [ rein the

et adat a 150G SRS 48 et BT Ry S e R T o P R

enabl es t hgheadhyOiEL deRTtep) 204 @ﬁdmﬂegﬁoé&s@@)r 6, fdspdivelevhiiinahe igfubtrial ent | y

.configure the industrial system 102 over tinme as nore netadata is

" gener at ed/ aditen 202 Thesypsasepresentegoni2d fifwrther anciydes exptadapr Bsehetat i on 106.
Further, controllers utilized t ontrol L.nery/ S s hin the

ndust 1 ar SByuPenEESatbu ChER S 8 PR et RO PR AT TERAN

syst em conideldatat N1@rigEnd¢sestesdtitns SO0 iha dGofifotd fioastapgahonvst the ptlsiagi ng
conditions wthin the industrial system 102. {)0040] I n_accordance with one
aspect of feecypedniclatinpships smongHdhapiosaistgsbhl 6, 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 amdngst data that 1s
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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pl atform 104 can be developed in a formof an XM. schema (rather than a.
dat abase), and from such schema the industrial system 102 can be ‘
configured and database generation associated with the industrial system
102 can be acconplished. Further, a standard that facilitates data
exchange and semantics associated with data exchange can be enpl oyed in
connection with the XLM schenma. For exanple, |ISA 95, |SA 88, and any ot her
sui tabl e ard e

i1 zed TOPPAC 1 ¢ aps AR EORRREL N (R0 BRR R RICREEEE 1y the
aut omat i onepluates avaiiabRA)tilizEh evithiathd andistred aydoen étmhmyeﬂthe mystemnectl on with

dat a exchange bet vvefén rrﬁchl ner d the a mat i .on atfra:tf a vveII as
bet ween cdERTGHEFASAC! Yo AtNOTX AATOHESS 41 SREHVE GV A 83 a
system 20QnTa%&mfrﬁ%bﬂdehﬁ&rﬁna%ﬂiﬂ%%édu‘}c&%fmﬂer%dxgﬁla% é&n'zGQ'USt “ aI
system 202 is illustrated. The i1 ndustrial system 202 i ncI udes physi cal

devi ce(s) az@dabdeishithss t?rmtfacriemy cofp@micatian bstween blaghinant andipi a:usotbt:rher

entities as i ated with. St T ysi cal eV| ce(s) 204
con al oo PFIBEEEsH LR PaRLAEHY EE R il Al S0RoRE: o

connect i OResohlleN 803 carff@bds LomBSter-Ad e tdi8lircBd ish @PAsSHr6 QIPHE %soﬁﬁJe@t ed
itenms. Thus, the physical device(s) 204 incl ude an physi cal enti ty t hat

can be resiatieriorags I@ﬁfﬁerC@ShéeSb‘m@Q%ﬁSﬁfaﬁteéyﬂsﬂ@ﬁ% jrsts gidustrial system
202 furth cl ude oo es 0 ert n within the
‘ . 50443 331% n?a%& r%?tgorgl 5_ Fr 1{1y uoef‘s at e%vﬁra

i ndustri al tem 2 or e a plura 51 yélf)gal devi ce(s)

204 can opefripoferit226 @it UnStibeityl eoneirs ehcinanridfsytba JIaressiasdst #06
“Within the industrial system 202. £00421The iindustrial system 202 (e.g

t he physi d}&ﬁ@@vﬂ@ew)e%mea%ﬂfmn e Mewdustsqadardy, ﬂ@@onﬁguraa%rmtu cal | y
confi gure%}ﬂyg{l&{i %M%Rﬂgiés‘%ﬂ alsgén;%t%e%%z JE%&H%&% ?5%. i {5%2 e

i ncl udes emrepre wherel n systemen

r epr esent eesoayced ab2asbtide uridstheaygem aridel ] mideoohipees . Particul arly,
the systementities 212 include physical _devi ce%@) 214 and process(es) 216

that repr é@@*ﬁ%@ﬁ@gm@mﬁm@v .288 (& fecppiangs yIth fle yebeiss dpasyordape
respecti V%& ol gé&' ob B ;5&%%{?&;5% M%eto%%g&%mﬁf Q&ng &fgﬁw GRY esentation

210 further es netaddata ét descri bes dat jects enployed to
r epr esent cbhﬁgmyﬂe&ndmnm_tsymnm baRed auleaskar;tajsuptoh@usetﬂaqaem Ba8 i ncl udes

iati 220 that defi .I_ hi t 1 I
214, 1 0| ot OREI BROSUGEEY R LEGURUELY DTl HATK BT AR SER AL Bot weon
the physi cfecgiad LRESdla HoaRd ?‘H@aﬂéﬁﬁﬁ&?% {if%rr@ 363 ceﬁ%én'éf‘a"té@@?aphidﬁ?

associ ations 220 can define rel ationshi ps between softWware
obj ect ( s) /weatintaiase thabtnabbp resento adhequﬁysiﬁﬁaﬂbe/deﬁn@él@si)%SMraMSi he

process(e 216, as.well as r i onshi ps a ngst oyed to
enerat o G EER ISR BIERE R E THES ST e ee el aehd AETBH0

within t h%r&%%@(@@@%@éé’eﬂfe@%d%%%@do@%%ﬁé bEy ﬁ@&h@%sbﬁ%b@@s%ﬂ&' ation
existent wWithin the industrial system 202 and/or the system representation

' 210. | oo4®qr¢4rf@er wetbglae thedndustualtsystem HE) indewrdowowitebe aedysinat
defi ne/ desPc

rfl‘!hermore the automation platform 208 can retain metadata associated with the
requested process, thereby enabling the automation platform 208 to be an extensible
autornation platform. Thus, for example, a process need only be configured once, and
'ban later be re-used if desired. Moreover, database(s) relating to the configured
industrial sysfem 202 can be automatically structured and generated for utilization and
analysis. For instance, dafabases 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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resources available/utilized wthin the industrial system 202 and/or the
systemrepresentati on 210. For exanple, the resources 222 can descri be
avai | abl e bandwi dth in a network connection, machine resources within the
industrial system 202, available switches that facilitate comunication
bet ween machi nery, and/or any other suitable resource that is found within
the industrial system 202. Moreover, the resources 222 can incl ude

conput er - r goatdesla hRBRIMGE Sor XU hcAS: RIPBEFSENSusiBBQUNEVendfat @ st or age
resources, resources associated wth particular objects, etc. [0044] The
aut omat i onappligetices.miegystam BA inclurish ad estomation plagiorm 306 that tngopieytd 224

bart upon Ve 0peY SR RRER R Gh b B G R Ry hacci®t 1T

conf i gur at platfore0BRPOERTIr RS beanmdy IS otanfnsatehigyr@nrtdt Hashaad dradtdrek he ,
associ ations 220 and the resources 222 associated with the systementities
212 and cotRfl o rEkzadta cerpactap Bl Y cstmersiar analygiag date PPt Frogrdsr dance
with the a j c _ j ¢t .0 e L ntion,
the conti gLeaa el A2 AN hlloh Bl A0 S PlSR R ol 1502
based at |thaisik einplgyad to repaest the ardusteiglostem HiY. Exarmhple, e spgemat or nmay
desirably configure a sucgs t of thq. Industrial system 202 to effectuate a
parti cul ar"BIeERAOT cpR NI oTEIPbIRISCAE PO rTRePYB SEaSYgkHEsHttes 0% F&phi cal
user interfResidthal-QRARLES,BmAIRherl Qi it : j define the
desired pr ocesss. é}éﬁ% conft i g(l),ll‘ ati one%oég%ﬁgnﬁﬁ%ﬁx%g%&%?t%’ze t he physi cal
devi ce(s) =prbsemationunt pertessie) dos s ew)de2ibert wieibHie indixthal dysteas3i¥cbat | ons

~ 220 and the resour 222, apd thereafter configure the industrial system
202 in acc%’rygf’zﬁ%éu&ﬁﬁ%e’i‘%ﬁ% Wéﬁlgﬁ i’ .‘?%E‘?Pﬁtsﬁfé?‘&épg%wﬁ 6 B tSBrRsET 6% FLBT‘%t form

208 can rehygich ¥BtAGAN R PRRBOGHALSH M ENMERRath 8UH S £8n REOGERata T eby

enabling the automation platform 208 to be an extensible autonmation

pl at f ol ut Tl describes/dofmep Resociatiprotidsamergstiarsiinbebeeandhd sygtane dntgrese, and
can | ater re-used 1 f desired,.Myreover, .datab s) relati to the
confi gur eaﬁﬁnaﬁﬂ’%#fﬁsifam&}cseﬁ 3 4%%“%@’!? 18%“&%8%?‘?@?%9&%@?’8&3&%6 and
gener at ed dysleniditiiez 308 Raiadshignal ysis. For instance, databases that are
accessed controller to facilitate optimal control of the physical

by a
devi ce(s) é@iﬂand/ or Thsr tesatjashlatiosn dehitheninchdas & canfigurgemer at ed and

2 syst om SOOARAT 7 SoprapiPRetaRt R E e R RGP Rale &

syst em 30Znipartivpbhl S Fb©h rephgedisdie0E0Gehetal, A8 theph@¥éAdes1@thaechani sm
for exchangi nrgwdata bet ween cust omer and vendor applications. The system
C S

300 inclu Aip BABTIY Y pirE 3G mpsprudsa fof exaamme. eyser el definegur e
o p PonTprAL O b ' o
Dt 1 or rm JGTEERTGcels Wal dbabily LORMRIS P A el SR 00

st ruct ur esinpingihg audh proédss red thenautanmest platform B0v. cAlré@edchngioandfiar
. anal yzi ng data out put fromC{ he industrial system 302. The autonation

pl at f or m i FiePafsEszeRcipdttaned Wreise dedeted Mgl Rifgass.iagd diptapiedraign

repr esent ' I t l.e, .
ebr osont At G nEB T RS HR T epres Bl TR 6 el S Bhe diclared
entities 3B8casanndhemdisdnts 2. eSlentmtfigonsioofconmohdn 81§ civ thieteaftthe
i ndustrial system. 302, reprgggjgt ation ﬁf' process(es)_that are undertaken
within t hé®FORHLRy geneegiecads Bgbenabies dhs mgprapl Sitcrbii?doshpiigyrewiselli n t he
i ndustri algs¥ ; ] Rent I entation
306 TUr e Lo o e Ao ST RRar D  RhOf oS pLREY SELER
descri bes/adédhaeslingsnuitatdatihssed b2 othep aysbleniohge stoetweemd fteresysh em

entities 308 as well as resources 314 wthi, tge i ndustrjal system 302
col | ect 1 vl oy Bith S RraRGHE B & 30%e8 61 HOBPTARDIS the'stotab Uil
318 can store ATAX 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 mclude 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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100461The automation platform 304 further includes a configuration
conponent 316 that automatically configures the industrial system 302
based at least in part upon the systemrepresentation 306 in general, and
the metadata 310 that describes the industrial system 302 in particular.
For exanple, a user could define a particular process that is desirably
conpleted within the industrial system 302 by inputting such process into
t he auto ' r: 4 tati f ' ener at ed
based upgﬁ&g'gggéﬁare %ég§52%&g$§%£§%f@gﬁgi¥ﬁgm%g%ngﬁggﬁﬁgﬁﬁgghponent
316 updat €58t he system representation 306 in accordance with the decl ared

process a e metagdata 310, The_confjguration conponent 316 can -
thereafteﬁgg‘ﬁjﬂompi c el%Pt%ﬂwq%tf%ﬂébtgﬁcoé‘%ﬂl@e%@th% B%tF‘g]al system
302 to. condyign 2 ig8hd of ﬂﬁr&ﬁﬁﬁ]fﬁ'&hﬁﬁ% ﬁlfterrfe{&@(spgﬂﬁ elsfﬁ-ex%{g%ﬁo%%r , the

configuration conmponent 316 can automatically generate abases or ot her

sui t abl e snordasumng ntriace(s) 3Hbcatinelads acépodatgirahengkii2e thay dnslitatesd code

in a storage unit 318. For e e, .the storage upi.t 318 can store AJAX
Cormand_ DSPRHTIRE SR O ors PREB DS g Gaf et fropLebordlig Srpra g
aut omat i onhil eabbies MadleryQritan YheIhBerisillvERRl 18 cHRiRdratE W ddigietetshe St orage
unit 314 can include an external data store that is accessible over a
sui t abl e rispess.land Fipgstal frimeprisEitthitbahtaterooam neension peideen the om
di sparate . - aphi.c | I QNS ¢ vel | C igure industrial systens
that are rlgﬁﬁﬁgy%t%ggt% 235?1 %}berﬁ%%?i%atéqno?lggémhﬁﬂ' }%f@xm%%ﬁ‘ﬁhe aut omat i on
pl at f or m 3QAae@ntGORHEA B 6kt F2Wah indlide bikdbtshérealiasys! 410 tBOBodta one or
- nore manuf acturi n% interface(s) 320. For exanple, the manufacturing
i nt er f ace(Emeyxkcah cpmiicigle ofc 08 prYe AfRPeTE andiapene S2porepattietacthe t at es
reporting j thl i I ration
fr amewor & "D R AEE SRR 12 R s O e B SR e ber L L EREEE,

col | abor at36tean be dpvetbgedandrappBabind echdan ioint fred-foamnadkird@etith athe
facilitates communi cation between the.industrjal system 302 and the

aut omat i orPTHICAYPFHIC30AOVIEET SUSh apAREACTITE inksT s Hith B AcierereRdhRt 302 can
include ong.pk 5&5&1&?%?91‘ Writvus %Qfés 8 %h&%ﬂfx{ﬂ%ﬂﬁ%&(é%@ %@rhs' ncl ude one

or nore adaptors an r one or nore port e reporting framework 322,
t he col | alwoati(es) wittamewanku3dd, systenh. tthecpadime Withcorevinpdet 32hepassehe

devel oped .and appljed independently in a free-formn nvironnent. The
present i rGERLC TF%?W ﬁé%f%‘gﬁwn%%‘ﬂf’gé’%m W?ﬁ?@r"f&b@@éﬁh%ﬁﬁ}?%"‘)schema
328 that enghlieSomoR MBhAiksQlrdsd il SteRPE G If%hi&ﬁﬁm@sa}b@%%k N

interface(s) as we as process(es) within the industrial system In
accor danc éswiantreemplaggan comfectibe withdbe ntes¢ntveventiom, a known st andard can

be enpl oy 43 connection wt .he, schema 8.t0. provi de common senmantics
acr oss thjﬂg@t_em 33@@19&&%%{%%%1%,,& SP@&“’Q athﬂit/%&ilg aBIIALG be enpl oyed
i n connectdoafgiatibn hiBoRI-REANST dnIMONHA ystEAAA8 1T URBINEd MoNE HRtdrh og 4, @
. system 400 that facilitates automatic configuration and operation of an

" i ndust ri alinglydeseam apgenation platfenny 4p4dat Thepissgs b eenra@otalioe HoEesthan

t omat i | at f,ol i t i . t atj 406 af th
toanr | BB Gl R AR SR RS b SRT el 3t erhliet 2 e
entities 408, meaclincryBedd mw@saﬁre@% Qhd BIRARESA 1®@Sthat AARrREARIRL he410 that

a

further describes the industri system 402 (and consequently the system
entities 40@strighgystemiOadayd cansequentisdhe wystenoentisics A% desiouidslys the

associ at i ' - n systementities 408 as well as
osour cos aataF «FRBNARY RN -RBLUBE R PR SRR AT Ry ot e
entities 4AQ8tieandidistuell hyresdlirtds Aiang thbidiBtiadssandd@® iprexédes domeE e
conplete and intelligent representation of the industrial system 402 when
conpar ed WRNCHHEh TR videallh A8 gl gnetadata 410 provides a more

complete and intelligent representation of the industrial system 402 when compared

with con{rentional database models.
[0049 The automation platform 404 further includes a configuration
component 416 that automatically configures the industrial system 402. The
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100491The automation platform 404 further includes a configuration
conponent 416 that automatically configures the industrial system 402. The
configuration is based at least in part upon the associations 412 and the
resources 414 within the netadata 410. For exanple, the industrial system
402 can be automatically configured for a process, together w th database
generation to store data relating to the process. Mreover, the

configuration component .c be. i ith ishiiht at es
transfoi l ﬁ?ﬁ%%a{g‘?n ﬁg’ta%eﬁlaag %asﬁlrrll %%gl tog[tr%?sasté%éelgheog‘f‘;i?%t%g@ g{egg%cfu};ﬂge%lghf or mat
(e. 0., XMwilin enahbeddi 916 eForvdxaiiphy tief infuahaldastah 40050 bd hetompatitain 400

further includes an interface generator 418 that automatically gegﬁrat es a
cust oni zedonhigwed fre pieest.dP eI ovitk detabase geusatingyia dtora das selaRg odle np) e,

the user-r ?+@eE£dM%?éoggeh?e A28 o6AReh %&g?ﬁeﬂﬁﬁ{bé %g{%ééa HUSBLhBL Vi | eges,

geogr aphi FPoeEt T on a user, or any er suit I nformation that
rel at es t ahat fadBiates Thesfonhaidnadelagdasssand codit®s denecddunte sisiesuaiic fetatat a
420 and filter porti%? of the systemrepresentation 406 that are not
requi red B§ga x4bito 209loUOFEFLTIEYRE Q1FUE daitbt adat a 420. A substanti al

amount  of &Iﬂﬁé(ﬂdata iﬁle;gggtkiélzﬁﬁﬁ; fuRhECRERSENMn inferab gitttdtbd 1 sSpat em 402 -
ayl

thus, dis ng this tadata to the user 424 would -be overwhelning to
such user atR¥mairdllyppreodec customibhd syietfine dconrdinpde ssqyaplatedtoetadtd r - duces

data delivered to the yser 424 vi.a the filter tg provid ch _user 424

with a mar‘é e%ﬂf@x ﬁﬁ_ﬁe perdgiaied T’éﬁﬁ‘gﬁ’éﬁﬁ%@?ﬁfv}la&g%ﬁe&é‘feﬁg s "8fioul d appear
as sinple r&ii@gé&??éeﬁz?phﬁcf TobREorSHSt G IR RS SEHRE AlifaBI iARBmAASH thataatent | onal
- dat abase represSentation. Further, the applications utilized in connection

" with the doowat i G ipledfaéogancrroar 448 dantsecesd pechrrastadpsan?apbilgise they can

take advant age of. the netadata 410 420 t t s4and make
intelliger® ios‘fit%%??gc%ﬁﬁ?ﬁeg??ta??n ?@gﬁlﬁé%a élt%) B%%#@f%%%g“#he interface
gener at or Adfiaifd WitBihAdad@RA20S & subslaati@dniRhosihetadR isautiizsd oo
separate fromthe automation platform 404, the automation platform

: ) : p
(schema) ogprebant thedadusitidiskstem 40Re thas.chpeangiangadita o the uspn 428 422,

~and/ or. user-r.el ated ad 4 i . nﬂgg : g directly

in the net‘g%fgglg?o cdor %?lﬁgﬁ(??u{%ﬁ%seﬁ?f%?é%%@tlﬁ%ta at gl%g#lfl’%g/%n and not
st ruct ur e-ghhkneedt 4 18 hehebyddte ddevdregid the esrsi2d dapht Hiitet © pheidgsmnd user s
and/or industrial systemalteratigns. 5[0051] Referring now to Fi

. .5, a
met hodol og}2450ith £ sranagqableAmpnvef defat & OPEPMEIBmARTIRCAHPRS PEHIG @Bg@ %n
i ndustri al_. t IS 1o t il.e; f r i i.ci ty of
expl anat | GHIRHE TP By LB epitBion e PHLRRRCEuEnal IR, LY O
acts, it ipieehsionndaribendst spdicappratilatéth tconatctivhevifr tisentomatwent i on i s
not limted by the order of acts, sone acts natzx{ i.n accoriqﬁnce with the
present ir—;\)}é‘rtﬁ(@%ﬁ(’)ﬁi m’lghq: MOFE managea e because they can take advantage of the

metadata 410 and 420 to automate tasks and make intelligent decisions. Further, itis
understood that while the interface generator 418, fitter 422, and user-related
rﬁetadata 420 are shown separate from the automation 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.
[0051} Referring now to Fig. 5, a methodology 500 for utilizing metadata to
autoniaticaliy configure an industrial systefn is illustrated. While, for purposes of
strplicity of expianation, 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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different orders and/or concurrently with other acts fromthat shown and
descri bed herein. For exanple, those skilled in the art will understand
-and appreciate that a nethodol ogy could alternatively be represented as a
series of interrelated states or events, such as in a state diagram
Moreover, not all illustrated acts nmay be required to inplenment a

nmet hodol ogy in accordance with the present invention. [0052] At 502, an

i ndustrial ,system.is el ed. For, exanpl e, syste nd/ or 3SSes can be
model ed by BERTLPEFR PG conErrLy i Poturasi TS Ty SRAn fp igemsar

obj ect or i epd:6l: PoPEYAPIE, RBoLARING iHlid drz 6] tnticata@rBhdnppresiddthane aspect

of the present invention, it is to be understood that any suitable

t echni que methodeldey regd akierinadvaly be iprespaicd u5 & sprivsel énprepied stafrather , t he
del ' d ft Licat] t , ' ti
R e T R bt e R

I'hstance, “particular manufa S may have

speci fi ¢ apahiplatd®nsdihalol@fenemproped with tepreettiioventionh a nanuf act uri ng
process. These applications can be represented within the industrjal

syst em modHI052] 0053] At S&h4n indiske ssteB s WO ehsEH G aTPEn SYSTRS 3¥¢Jur ces
within the_i trial i i : : i g i_ncl ude
a |inks ta%%oggsg %sa{ah%g{%gédaﬂi%@%gﬁ%ﬁgolgé?ﬁg’éﬂ%t%%%ﬁ%% obj gg)tB Js}:ﬁt ypes
wi t hi n t heomadel-proganirhier, cah e widzeatliat ecodanaefiinededsp ot ioh reghysit al

machinery within the industrial stem a Ssoci at.i ons, het ween, suc
physi cal = nEEAIHE if 58 RﬁémdeaSéO%@s@%‘cﬁné(ﬁuB%ﬂe Feau %ﬁg@gggg g judusm
process( es%ys?eﬂ@cﬁﬁ%@nﬁﬁé o TFidher FhbRTodsiUizh aRligde S%Wak@@l‘iicﬂt%ﬁé‘tﬁﬂ' n an

. industrial 'system Mreover, the received netadata can ne/ descri be
*. rel at i onshapsnipbiyed én confetivn withpplindstia ngsterni Foriogtanee, perigalati on wit h

the industrial_.system databas wit.hin the industrial. syste comput er
resour ces Wafl‘llifﬁﬁ%{qﬁ%m?ﬁaﬁ%? ?‘Heﬁﬁscsz\}’gil FHORE F%i%ﬁgﬂq ?Cgﬂléecﬁ’é 248% can

~descri be coppuhidbn BsC eh B0 B icati Stellish bk abpreRERM MEREN W iRlisthdle
i ndustrial system us, a robust description of an industrial system can

be gener at gdtdpagedelupon the netadata. [0054] At 506, the nodel is altered.
For oxam! fosdy Part i aular BLess, Qlalndus i fl, MRENLARIL: GAhiPRMd 11 ed,

added, upd r epl yother surtable operation. In

accor danceijhtiaPRedd18d redsiRes! TRE rdchiv e hsfiata dafl iRdlidedliniisheblewide! can be
altered according to a desired change within the industrial_system and/or

to refl ect deffrsapessciaionehanarepstrelNeely cotatyrsorithindhamads! F.dhed with
(Mo oo SRl E0 TRl RSNt SRRy sersor
(e.g., updadseéiaiasaetwddnansh phpdad eshchespuisoed] as assgciations datderr exanpl e,
a software application can be updat ed,r a%n%thne?g&(tja%&eare{a%lo%éﬂinsgw}t}?intarr]le updat e
can be ext PEeEBEshmEest eihasg machines, or any p

industrial system.r 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 is aitered. For example, a particular piece of

industiial 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 aliered 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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[ 0055] At 510, the collection of netadata is analyzed with respect to the
alteration in the nodel. For exanple, an intelligent configuration

- conponent can review the netadata with respect to the altered nodel, and
at 512 automatically configure the industrial systemin accordance wth
the anal ysis. For instance, upon review and analysis of the nmetadata, the
configuration conponent can automatically generate software to be enpl oyed
in a PLC that ffﬁctive cont.rol.s. one .or nDQ%(nachiges for a.garticular

process. PaPPNEdETRe Rl PF At Al T RINES Morahy s - APEARA EPOS 0% r eat e

user int erfRIGRY refat@Rases in andh@a@hhes ssiibiralabslicabh W&l Be tftRted; equi res
generation to effectuate configuration of the systemas well as autonation
t her eof . [00U5B TN rAginsdw houragy cag begxaetbal ¥g5iveb0o for filtering data

within a rghust systg e i avi g filtered data to
n user 15 FProstr o et U RO LA AR R L e Mk DR

recei ved. #Heratxdniiemoddie Fobeeimplannubiclligest cvanpotason bpapdisenotardi spar at e
cl asses and types to represent the industrial system For instance, one or

more obj ecie¥iepdfe mepdatiaith sracd to fsralterrddnrdsb <nd b by apradsdids wit hin

t he i ndusttj IS Lat.edpu el.
Particul arfdyﬁ@%ﬁ%ﬁ@éfé?n%%@mt a atéa&%ﬂagﬁ%%g%ﬁ%ég%%g%g@gg%g ri bes
associ at i orsichetndesalysBctiitnanytadtittha cobfguraithusonipabesyeat entondaticalbxanpl e,

t he metadata can descri bhe processes ertaken. by machinery and how such
mchi ner y SHERIOA S AT o PP EAEO A Dirdtd GG e PP PCBEC8 TRy sover
the model nq)iwdes; g?&rﬁ@@ifa@ foeads. dafthPeeheARdAfiBiradEs SohpGRnf &OUT CES ,
existent within the fndustrial system(e.qg., available machinery, capacity
of machi neawom#idGllpromessicniptodgabidaiabagss, and. any othen suitabds stdivcae thiat h

anot her aspect of th resent invention, adata withi.n the nodel

Gescri bes HAUESHRFIIER'S SIgRH SUL EREORBaE SEBP F A O ous

obj ects camefrgrenployed to facilitate representation of the industrial
system The netadata can define _and/or describe relationship(s) between
such obj eci085&s wel | Temingezouickis. assocthadeddgnb@hior feteobg detevitlines57] At
606, netadata.i s associated. Wt one.or re. user(.s). For .e le. .

et adat - dOCEHTIRG o s ereto dad f s UR Mg Sl s R BIRME on, o
any other Asgi abh&icl bf & FRLEER] feleat ishecdiida Fus 8tangds, thenwakl @et ed and

enpl oyed within the nmethodol ogy 600. The netadata can be manual |y

gener at ed #Hizevghowes eegls af dsprratly crspgsemd dypea in wreseridhe ndystel ssteep.

i nterrogat@ri. that re t i i i t ser.

Fur her o R e s SR ool B b o Bl o user
over tine gocespEOvititihnle adoapbngtin. t AasoaTalcerlatarit assooaes witl fikiniglel.o t he
user. As used herein, the term"inference" refers generally tq the process

of reasoni Ftialaly. the modeldpeludes wetadas thit defres apdioB APscBRES FBAHRHITS and/ or
f At Qns: - d i .
user Tromg.gel, &Edﬂﬁ%?%ﬁ%% ﬂlikzlgg?slt@%é{%& 1:‘6% i@;éﬁfcfﬁ@ttﬁe and{Qr, dat a

| nf erence can be enp Speci ontext or action, or can
- gener at e adprdbhafriobedsys Widettakdniby mactouery aatl Abesuch onckxerypheraciite

i nference can be probabilistic - that is, the computation of a probability
di'str i but | GRe pitemRRes obfhe Hpesses: MSRYORC MOheP ISP EAAB I Hat a and

events. | ey, 068620860 L&H#Ees'Qidf M AHRS iRTRIOY SRl £OIABHIY

hi gher -1 evel events om a set of events and/or data. ference
resul t s i nmadten@enstpacict ofomadfinergnPlel endcesing capebibihss,f. r.onireacsetdande
observed e\\?&/t‘iet ta;'slo Qrde{sggctsotf%geegregé{l% %Vegggri ’mg‘\cg a%ahxg{thi%rthe 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.
[0857] 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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not the events are correlated in close tenporal proximty, and whether the
events and - data cone fromone or several event and data sources. Various
classification schemes and/ or systens (e.g., support vector machines,
neural networks, expert systens, Bayesian belief networks, fuzzy |ogic,
data fusion engines...) can be enployed in connection with perform ng
automatic and/or inferred action in connection with the subject invention.

Thus, for ex l.e,. a ¢co ent. can i nfer that user i s associ.ated with
ot cur e SRR RS Wlet s ColBkef st Fheled e SRARRE Co et
typically acges®essy cb00TBEMetblith c&laieanmansr@yﬁ&a@dmo%gfa Lbﬁg:ﬂatbaﬁﬁd at

el an

| east in part upon the netadata associated wth the no : t he nmet adat a
associ at ed sqiestpfpHomagisnlly guemtefingeriogalosies theheaqueds pagisrlar enfprmeniiony i al

syst em nodel i i . ta t | i ng due
to the subs Ogll’lﬁl%aﬁg gjarr}:\[{)lgé\lf”‘]j%flg%.riltgzelgld gg%tcgntbﬁﬁ%n%é%éra ﬁ%glsaﬁtc %@?%%%sé@%gg system
and/ or pl atuk@raver e af@brvidng beotipbhare fied nia@ed Meereiges ralithgato Phaier.cal

user interface é]gUI). For instance, a hierarchical representation_of a
&S

subset of t#asp 0y hertersy SpEFTRCEN rHRTSHCBFRHBE 16 ProfESLIdRaSORMEaBPHE t he

subset is B‘?{xﬁé&%gfstarté% driage sllj,ééhi Sn@fdrnfdd:] ﬁ@d@u&ﬂ@%lﬁﬁ%d &%%é&hﬁinssy“ em
Mor eover, organi zation by process, l[ocation, machinery, or any other
sui t abl e orgamitwat ivansvean ané/opdaie Gtferknte cdiee amsEpyedtoddanifdanpecifiac t h t he

aforenmenti oned netadata. In accor dagq:cge }rl\latg or%g]]ﬁaspect of the rfF:ent
i nvent i on, CPHEXREATAE OF CERETICEAN 2 HERDPRIEY FiSTROBHISN PYFT S7Ft fPamPliser s
(e.g., thehiliffdcabarli A6GARRSR HhLR! thY cM\Eln&ﬂﬂaﬂoﬁ 5€a ﬁﬁ%@ﬂiﬁ%ﬁ) . Such

,filtering i's an advancenent over conventional filters, as coriventional
“filters redistnBdionmvanitatentmianest bisedicmparasidenstionst dxs end avads. wi t h

di sparate ysers. The nmetadata in connection.with the nodel, enabl es

Ut omat | 0. JURERAE FErALG T dn-hRiOBE 0ok o cpdepate BETGR Sahvon
semantics RSt of BerliBiRI gl adwhanRserdt rdsufi®th the totlehlMes bgewlat a to
particul ar users can be automatically generated. [0059] Now referring to

" Fig. 7, a setthodoiatigys fom 4 st ohohsemetiayalts pndjensipredienentaiath, shathegor i ng a

dat abase relating to an in t.ri al stemis il.Justrated. At 70 a, nodel
of an's ndudef P ey Sedoreirgh Fiss R xmphind §hflerbeslot aft i
the nodel . ghid afetftditbaé or §ReralBvasl ab@ dstefsbinesd. dveEhid@sssaREA6H at | ons and
resources relating to the industrial system as well as associations and

resour ces AHHESENGET SYHGRS G ctIPBOT Negtonmaciungs oged natverks, ¢@etnodel . At

706, a dat . i jat ! . \E xanpl e, |SA
95 can be SHEFByeIeHaL Ane o ARG B T AL PR8I VSRl o
communi cat icipfoyRatineathettien witt @krianging hatonnichdioakinfeyst aonepr esent ed by

t he nmodel . Parti.cul ar I%‘% t he data exchange schenma can include transform ng
conponent s SPHRCtpR Fadithe stied avrntieR n e orsaamples a cogaoncah gabingerihat

entliles Wallbils LB bati AP LRI Biieped B Rhrohdd QAR EpplRodiat @ 15

~exchanged between the no an e 1 ndustr syst
‘ the user typically accesses.
[0058] At 608, data 1s 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 is less than the entire industrial syétem 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

accordance with the aforementioned metadata. In accordance with one aspect of the
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based upon a particular process inplenmented within the industrial system
and nodeled within the nodel. For a sinplistic exanple, a counter can be
enpl oyed by a piece of machinery, and such nunbers can be delivered to the
nodel for storage and/or analysis. At 710, a database is automatically
structured and data is entered into such structured database. In
conventional data acquisition systens/nethodol ogies within industrial

envi ronnments, acquiring data,requires ua reating a database
STT UGt ur o TR oy B R e TRHESE SREbRRIENs Bl dediriitePRider B, 700
can be enpkpyedad g QLRGSR Witds AR RbBdRadahRBITRRE idial ddvanddifdnt

receives data relating to a néw process. For instance, the nodel and
met adat a aseocomtestondh Eltensi ehcawantimat ks yeahined manvelheptsring dfisperde gur e

an industri.al system.fa articul a ro .._Further t t hat
store i nfoff#f F%gﬂc‘ﬁgpﬂlﬁh‘gsf%a?ﬁém& g@ggée%%%% Bé O%etcgﬂ%ﬁ g@atﬁ %jﬁ;l%gglner at ed
based at | gastesiafitoRAkL sHRQR$N6r BERS 80BBkicaRAth Wesaakagigen tdigmedy

i ncreasi ng manufacturing efficiency. Upon structuring of the database,

data acqui fasunfiepamengst themertedata datalpses yiilized dorstsligyrmgdain tpareplato t he

dat abase for _approprj at urther, the database can be structured
accordi ng ?Sgrsu‘%gPec?g{somag’lgaﬁﬁgég&?a&g{ance, t he database can be automatically
conf i gur esfogssjan XM.Ngatrafeasies tollQ67 Nawhb dstogngod for kigmaBcally met hodol ogy
800 that facilitates configuratigon of _a portion of. ﬂ? i ndust ri al dsystem IS

i || ustr at egenemting@pd confiayaaie agtataigse rdrng e an mdpstishsySERy SHUIIRES: For
le, t i | i - . o
exanpl e R?g@&ggq{n%%?gfn u%td'dgﬁfif%@gﬁ%}%ﬁﬁ&ﬁ%ﬁdoﬁﬁfé%ﬁﬁﬁ £59s0aor

_machi nery w stria accordance wi th one aspect of

' the presentithmivemnbd@nn phiieglhr, diid mietad dtapicfgesadastnies @asvchdiont édd zed i n
connection with creating.the nodel. At 804, netadata-is associated with
Lhe model . TeFPRECHRICRHBE 1 BERRGHEEIL LG, Houl) PEAsSOGRitss Aad TERE Eh

resour ces . - o (& &9 ASth ASA @RROE idadal Ons and
resources élg{ngl%sg%)f?)gm%ﬁ@e?{r% usta%éi grlh_p%é’gaél. At g%iéde?h% nodel can receive a
request f oexchapserschand srassasied Rith thxamdble, For keampldelSAc@ncandeei ve a
request for autopatically confjquri a.plyrality of chines to inplenent
a desirabl %H@Péi @s@ow%gﬁﬁfr}h r’é?f%ﬁﬁq @Fﬂ#ﬁgc é@pcggﬁn%%e%?@etﬁg request
to struct urgqanniMe At aNASE slet] RbtdontkO b RAhbIGUPAHIcBIAGESE dat0062] At

- 808, data related to the requested task is automatically collected and

anal yzed. @xnhasgeasthées can uatuecdohbooningrroomeporte that barsitren eedel aifleg,

wh i h t i the i ndustrial th d obt ai
int o o1 ot T guadsT et rab ey et NN kit SRELRIPEEORT Thes
i ndustri al {{ﬁ)xsﬁ} em nodehogande «sehdnget bewarsl tianabds efd the if@iseidiish@est eps

necessary to conplete the task. Mre particularly, if the task is to
gener at e ahasgupgiat adiselar pescasrdimpleraenied withinghs insusigiel egpaemd can be
coll ected an nal.yzed to her_ wi.th 0

Structure AOOPEC e a0Ry Pl S bGATRORRILS, SRl PhEnEBRLON RS2

“whet her t heicBe bEmattihdr§] £t sudBhamberstan beeehaatdio the smder®s storage) Wit hin
the nodel to conplete the requested task. If sufficient data exists, then

the model awdpomalyses. iAdS: # databaspss awpratically Sratrekanddatpisepigrdaia o
conpl ete the.task at ..JFo J - 1S o
coggl ete aR %%8a %db(gaif%{asguf&]‘%ég%ogls%h%%tﬁ e§1§%¥§§rg@%é%?®§d%§%te?gur ed
based uponwifher indGudstenaitdninbets calquiiisathtdatairesBGRAll ferdahing e dhtmbase

insufficient data to conplete the task, at 814 a user  is p?]ovid d wth a
set of al t SFHA¥EEST PePleRaRBlien of 2 DERETIEHeTe Melofdoge il bdPan xW

dat abase, PRB BN R AR R A R e BA SRR PlaPe Ry

dat abase i anaw oeent Bdaliestance, 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
generafed 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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alternative. A graphical user interface can be enployed to provide the
user with a list of alternative(s). In another exanple, a request can be
to conplete a manufacturing process at a first |location within a plant,
wherein there exists insufficient machinery at such first |ocation.
Thereafter the user can be provided with one or nore alternative(s), such
as ‘a second |l ocation wherein the requested nmanufacturing process can be
conpl eted. [ 0064] At 816 t he user- deci des mﬂgt er one of the al%ernatives
provi ded aprogess (¢.8. HeceptoaD) ia dirpgehipdhp fatpbase SrTAPPERIIAL TorRG: FVEET s
accept abl e, t - 2L Natl emis
automati ca efgggﬁ ?%ﬁ?gg&ggﬂgT%ﬁg%g%gﬁy%gx?%&?%éqggﬁgg?ggt%??ﬁ?%%%ive.

O her w se, cintte dus@naticallpronfiglees as anhXMisdatatesé.ons t hat enabl e conpl etion

of the requested task at 818. The collectign a nal ysis of data at 808
enabl es t hB'0&Ek hodol JgY BEERE B %l‘lgogfi %Be‘@ﬂ‘iﬁa@é%ﬁﬁ}%\éﬁ@?%‘é{”%&ﬁ@aﬂ d/ or
resources bk - astha®ld. 1 AAF0ans swodelflofldneh@isdags not

exi st suff{)fg?g%l?g gg%n{ehgﬂﬁjﬁiﬁfgsg%ﬁ?ghgseuﬁerate an’ XIVI? da(% abase,S t hen t he

user can bsystskscroGdat. okircsaspih thd mede) ean inslugpagnresepraéigns o of the XM

dat abase. [0065] Now referring to.Fig. .9 . et hodol o 9 Ll1zing
an aut omat @ﬁe%{egf gl o raachipy 31%%%eﬂd%§gg§y%t?'ih ST 8 %%‘2{%‘[5 B502, a
desirabl e applFatd MRsdnd iHRA1GE i jcut-bAkMe@Progtina AR can bphatif«rim t hat
i ncludes a nodel of an industrial system For exanple, the desirable

appl i cat i oponpaptidrewsh et dreunpdnl HasR4.cesiplast saswiciaedwithég madds ri al

d - based S . f
T ucture PO RRERTRERE SRS AN SUFAER AR ARAIRATC o 11

* accor danceinfuttiaDagteasentl] of adsbeaisBs@a resonnentdland td the sndupial smtitlon can
be declared via a request by a user. At 904, a data collection ob'1eft can
be decl ar edt 866.shamodelcaniretaiyeonregres A2t et atariesk & of KeaaRle) he gyde

appl i cat? 0y, G0, SAAGIE BGbEANCAR) 66 GRl) ﬁmgagﬁ& af Rdcantapat i cal Iy

Wi thin the autofmation p a an a user. For exanple,
t he user canplesenesdesirhifit piledess. bRorcmbihec bxathpie|tht modeltcan acqearcta reghest
process, machine, PLC, etc. [0066] At 906, the data collection object

sear ches o%?rtﬂ{c%ea%u%tdﬁ%‘haﬁﬂré 188 e 4 BREVET BIOCEGer the industri al

system {0 §Ridhpct daha g8 ddfRkicd @ hOSARALALAE ARRhARL] 9ol angdal a
n d rel at

relating to 1ndustrial systementities a ronships IS obtained, as
wel | as datsaly=idatFongxamplthedats toletion coppandno car) be Ftared sttende suglf t he

?ﬁg: grgﬁt 25(?1%;81%{1% Perx]fierv?sl t%Ee ?r?d&st?’ia? sgsw%erll‘rlf tt}?ecrglg&eil Oda E)gtsalknstdg at-ref.aﬁr_lé & 81%
requested task. For instance, metadata within the industrial system model can be
collected and analyzed to determine 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 mode] 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 databése, such database can be automatically
configured based upon the request and the collected data.

[0063] If there 1s insufficient data to complete the task, at 814 a user1s
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 SQL database is an acceptable
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various interconnected and communi cati ng nmachi nery, the declared data

col l ection object can determ ne what machi nery exists, type of connection
bet ween machi nery, review control algorithns associated with the

machi nery, or any other suitable related data that can be enployed in

connection with obtaining data related to the task. At 908, the industrial -

system and/ or the manufacturing platformare automatically configured for
the desired application. For exanple, machinery within the industrial
syst em canalernatireo Fagiaphichlussotdripge ean berehployedicapavids thetssr with atlist a

machi ne and t he plication can be autoqmatical l enerated. .

100671 Tur nf ha i el i A YRRl oS T b B iRt S s in
i ndust ri al py:sdseih MREebcaicg Withih h hBit, iteteis tHdde EXER idsdffici &R GRREINGA! &
structure is illustrated. An SQ database 1002 includes an industri al

syst em nod&chigedoedimn. Theraafier thedsercas ba pesidadnvifh ore efoRPicgur i ng an

i ncl ndes. nETAATRoBEE At g R ks rhafi ISR AR B AR 7,

wi t hi n t hecinsbusinipiededSyst em as wel | as associ ati ons between
obj ect s/ applications existent within the industrial system nodel 1004. For

exanpl e, t HO8*hdust r AAB16 {lag wat desirss wisther 087 0f the aligaatussinseigdebtiidr e

appl i cat | oS, o{nfhle FRRSAVHISRDAOPLIGALE AR NRLAMLORESBING.ARR | Cat i on,

...), and the ata escri be I ne ‘assocli at1 ons between such
appl i cat i opgect bueh dirmanive andl e systeadia taatchdialtacondesoxd 4 81 2 efdonding @sour ces

associated wth the industrjal system and/or resources associated wth the
i ndustri al ‘fwg{ée%?? FERRR N ol hepsie, S P EepToxrd ol n%twfl%%@%%bt% thin

- the i ndust pialieRYShEMe 8te?:@£;ﬂ af 818 DEnASSIREHG Sifh éﬂaiﬁis_aof@][a@(ca%%ég’r t hat

‘has finite resources. [0068]In accordance with one aspect of the present

i nvent i on, exebtisshe methodnlogy Bl prvikietbe ser dethenstrunéidns fud/¢tresairegsl ayed
exenpl ary transformation 10Q0,_the desi.red functionality.10 LS

Cr ana or el TBRCHP FHIShe itk A S Ta0T Pt o NP A hAgE debas whi |
the illustgteds o ansfes KD dhiaNakBen tHeaRS! @nMPndkaNodfbvidatapase into
an X M. database, 1t is to be understood that any suitable transformation

bet ween datiskngsetosinablstareasioncdthd¥Micdaalpriseshed t hrough utilization of °

met adat a i ordange wi t-h .t he present jnvuenti The..desi r ed :

funct; onal [§58010° cabisTerpare Bieny Lmslolioliey 3o sy dfiiter Womtiomne, or
can be aut gEEbieat b Yedl@Otist htiBEd G tratederAtione, £adsrable agplicatiopas d di sk
boot). Therefore, whenever the service call is received, the desired

f unct i onal fegjared Mithisaparpmererplafona it ulpdss e grodebalan wduyng| soyiem- t o
| lect d : t . i f th
SQ dat abacd PG M idrap B8ReGarae bt N e BRARLES, AABHLALETIA, O "

1014 can bthededisaiSdyasmsmdivraichhipoted bdee! tagkabiakeasi gderatifig abatabdsenat i on
platfolm Further, if insufficient data_exists to conplete the desired

“transt or madTUsIHTe A0 ety st 4 éeaph ORITHER OWINCHDGHSITER Bu TR e {3 §ocariings With

st et ohielekd dand biigh sl STRILALEM SR LS AR,

dat a by t hesedana9046|d @i osllcblidd pbjecisehdmaieclared 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
exﬁmple, the user can request that data be collected relating to a particular process,
machine, PLC, efc.
[0066] 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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11016 is provided to transformthe SQ_ dat abase 1002 into the XJVIL

dat abase 1012. I n accordance with one aspect of the present invention, the
schema 1016 enploys a standard (e.g., I1SA 95, I1SA 88, ...) to enable
common senmantics to be enpl oyed between the SQL database 1002 and t heXM
dat abase  1012. Further, the schema 1016 includes intelligent conmponents
~that can automatically generate software portions associated with the '
i ndustri al I Cl Ll .desi ) -Lon to an
) 341 based Fiou SPRR e AR cbBal ARtk BEnies) TR Bk BT 16 can
aut omat i cabljyctgemesdingina what abdsgeryrsisi) e of cofacombaermbh irashinsst up

i con depositories for icons enployed.for visualization purposes, .et¢c. The
resul t ant EHiexpes&ol plgoritbms @?Rf’l‘a(}%‘gwitﬁé’{“? Aty 0T 35 @ater fB‘i%’?%’ﬁ%atﬁ‘gt adat a
1020 assoc] it | QSR &kioRR hbhgl daraPrefRs Gk fQE MRE . For
exanpl e, t%%%ﬁ%a%a 8&may be ?elgl ra%%gt%ueglto ar?'abi i tyato-vi ew

cont ent s 090& tiehndadtad agscarend/ot drevsatifoctatinp plovieen awt authsgaaby e

geographi c | gcati.ons., Thus,, the entire industrial .system npdel.1004 can be
aut omat i ¢ aﬂ’q’%gﬁe&r{gf e r‘?ﬁﬁretd&pgﬁaf&an _réxﬁslﬁa?a@?%&é Wé%gg‘ﬁdnqur‘f‘g‘aiet adat a
1006 Wi t houlseh,COUH B REoMBIMAY cohfi MEbd EhDEr ltathsReWatlaf APARRCKiAe bh®or
desirable fformat. [0070] Now referfing to Fig. 11, an exenplary enbodi nent

1100 i | | ustheappingtibh ktebé mygometi¢allol gegewécdof the present invention is

shown. An tion.platfor 02,1s accessible a..pl i of users,
both for s@% re dev _ Wmm;_%]@‘ %%ﬁ‘s‘i’ﬁﬂng_faf%kﬁ?ﬁ?%mﬂgﬂls@%% cularly,
in the exepphatiy SERAMLIBA okl QGiradagtRichIré fea t6id ddDdsuduRnocess
operator 1106, a production managemant user 1108, and a control system

" devel oper flugBated.ehalSQledriehase AP jncdcs 88 insysitaksysismomadesldR0AItat fior m
- 1102. The ers-1102 -..111Q. can-be. al | | : [ fagturing
pl ant, or ‘gti%l&eail%ﬁ?né’g Cté%no‘agr)%ﬁ ?%éﬁ}n% a&mgvﬁsg%%%g?ém%ﬁg alé]tg (li.l rg% p ant S,

wher ei n t hgdadtigngtieanmpiatiDos mchidds niagdai @lsakatelendigwdatihan/ aut omat i on
of a distributed manufacturing _environnent. The users 1102- 1110 all
desire to aSedstonyedntashimespatbinghpndusEialsysten rewell Boses #ens | bEEweim

1102, whi | et : &gﬁ)n i.hi 0 | Ny .
aut omat i Bﬁ&d{eé}% @ﬁ%ﬁ&%z&gsg&g rw(el\E/i? Ité ltjl%lri?/l [ s%ﬁsggs:tg% %(%%{lj gi%‘iﬁ P%é\}%é%% gleé ach of
the users tht@2dustril dktarh bdvdahl @Rt danahyiudd virvesaofiwamtapphcapioat (cog.m 1102

woul d be overwhel m ng, due to conpl eteness_of a systemreprese i on (not
shown) wi t Sreadshest anﬁf%&%ﬁ9m=dﬁ@r6|pa?ffe§%ﬂ% §aR)5C tl?‘@wifégﬁ%ﬁ‘iﬁagﬂ%ﬁbgé R} | ters

could be Hﬁ!)é/%ea@%! dsbodionD BEddeH s@ln g@%&h%ﬁ&ﬁﬁnﬁr&%&f&%ﬁmﬁ er

only with data t I's required for task(s at such user generally
under t akes10dacaacieseriterie@nair¢soutdes apresedtwitinthe mtdusirial fystenemsd/bor t he

respective users 1102 -.1110, can be automati cally generated based upon
ot adat & SRR EHNHHEA Whdng SRaTigh ster wmog) 1M EOTAERRS. APTRGER em

represent e%}%‘fcﬁmrﬁ }iREn A AR 2N yRleAT 18080 1H392an BOsksbhGcaNi@NAL | ON

~platform1 Itselt Thus, the enferprise user 1104 is only provided with
i nf or mat i opropessor thentastimiteuedvvoser 1104, the process operator 1106 is only

rovided wth_jnformation pertinent to the.process .oper.ator,1106, etc.
e er at 1 nolB68L o1 o PELEBERE W R earde Pr R PR e B L S P et
repr esent akineRoRflit N1 (AtdemRhLLRA. Bh #ld @il Mpibe traaifbreird 1ooogach

user when conpared to conventional filters, which are inflexible and not

adapt i ve ttheclesingeRmagspbinat @d wizttrenaforinadersel tha SQdydatabase HZomtn #bn

ng%F;Ty %ﬂ\g{jgéﬁag%%rlé)glé{ g@}ei g %llus[crg?eé%}al}lks) orrgrlgtfioenr i%iv& est t?'anFslf(%m%g an 2N
SQL database into an XML database, it is to be understood that any suitable
transformation between database struétures 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 is performed. A data collector 1014 is
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representation 1200 in accordance with the present invention is
illustrated. The industrial systemrepresentation 1200 includes a
plurality of software objécts 1202 - 1216 of nmultiple types. Such objects
1202- 1216 are descri bed/defined within the objects as well as within

met adata 1218 related to the objects 1202- 1216.. Particularly, the

met adata 1218 can include data relating to:a plurality of associations - .
1220, wherg the soGl ati 1220 sclribe rehat edngss. bet ween..the.objects -
102 - 1o et PR i FROs Qe bl P B SRS RRb S ") e
associ at i ofg S{R20ataake tretha XN kdatabadl ©12TRdsexdntple thewatdbbatord22 i s
added to the systemrepresentation 1200, the associations 122Q (e

links t abl @ keieclseed as qastewithucod e argliye infertrial apigmation platfems fﬁfé?ﬁﬁ?' ’
o NG . . . | the obi ect s.
B Ene™ SRR RIS AR LRTESRaRIeR SRLIGRN e ool eut

t he

and the ne I'ne i nheritance between

associ at i omevit22 Withaahtetnath e(deard/srkiasthetion@nto fabiitdaté adhotynefotmatioihass
provi des a_much re powerful metadat del than conventi onal

r net adat a-ﬁl]@Fté%t@g‘?’%ﬁSE%/t‘?rgtq%@Bf i@@%@am-i cularly, data relating to

| nier | ancmsht hi N tORoTEIRARYR LR GsBAS bl Bl GoRRRl 163! £ARBRES T

and gi ves anot’her dinension in which to nma ul ate data. Furt
aut omat i ¢ Urides prayidef tobpedbsn e 3L dawbidediofhinto lanX Ve ndatkbage pOBYr anmi ng

such hierarchy i,n a data structure. The system r.epresen ion 1200

1T st at o8 #re g b e AR RrERL FEOGE: M scgEen 0l hETPETaAt ype of
associ atl Oﬁandﬁﬂi:{bgl' 8BS0 a0A R hoyibzamsialcomithSci@nGes to 38 eapi@edat i on not
~i.nvolving inheritance), vertical links (e g., an association i'nvol ving

i nheri t andegtyvesy tha SR Loddtaase LP@2awidethe e{MLidefabessali01 @ a ughérs thetsehapen

objects. [DO7 urni.ng.:Now to Fi q. an_exenpl i ndust rJ al__envi ronnent
0500° uti 1§ A8 eSS i Wt R aT SRR ab R AR ot esent

i nvention ptibhd 465ddiatPerith e RGBT Iy8RnPHalEal00L td fachitate Adsitibidi N a
conmputing environment 1302, which facilitates automatically configuring

and/ or autsrnsfarmgtionte asr Xivdr-based dubisiriad sysiem madel 1913 o esarppls) theThe
automat | Onscﬂ-%:;ﬁéfﬁ%é;&n@%lto gt?caﬂy%ﬁgraféoal_ Aa%vﬁa%@ﬁsﬁ%ﬁ% ;ﬁﬁml@%o {xs%gzﬁbl?%tu |ns data

relating to rndustrial envi ronnent i cu e rndustri al

envi r onnmengp it3HdepdiRbCeseiét ods BinbRoy:d G -anahlizals ainsbsas, RkdirBid reyulaht
i ndustrial _devices controlled thereby. Particularly, PLC 1304 is connected

to and factdtahags 641208 ARelnde @ﬁiadqsm%%nq% kS andimefadate d0203g80¢i#Edugh an
Nt h i ndustyj i i j.pt LC 1306
s connect P st R Bty 1U0EHR, cl:80 Ml B0 BLRANRDA A T 03

1312 t hr oughy &6 ddifablenidis 36 &h abilidein dewldidntswiiench dMiatmsaon b Rbegariogdeat er

than I. The data collection copponent c obtain information relating to
physi cal E%ﬁWé@tatéwpaﬁtq&?@g@ (9 g5tPrsnd DS des e MEREAHIGERT Maneldovi ces

1308 - 131fyp4k .tblg%ﬁton{alfi@algﬁr%ls?%eﬁctbia%sﬁ%%@{ vi?%gal%hgitﬁk | nf ormati on

. relating to applications r ent upon the i1 ndustrial devices 1308- 1314,
" comuni catmetadge d00C withownmpipoyied nianuelbsimettringr winkety daebasacitbe destablevi ces

1308 - 1314, and any other suitable information relating to the industrial
devi ces 130812t 1314, [0075] The automation platform can thereafter

configure fohgoPLCs 130d BRMtil3R0rE 01 RRLAkESplAeerhBoRTR RloodBYieSg1308 -

1314 with control software and generate conmurication interfaces between
the PLCs 180imgrtdcindBgicard thdpresand ustentiah isddhoivee dinlB80@natidigli4tiombr eover ,

45er, LTt LR65E, 208009 ORLLTR) RereLn, oL e, LEGUSLLL gl flov ces 1300
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

piatform 1102 facilitates configuration/automation of a distributed manufacturing
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present invention, the PLC 1304 and the PLC 1306 can be | ocated at

di sparat e geographi cal |ocations, but be configured through a central
automation platform This machinery in disparate |ocations can be .
configured to conmuni cate with-one another and conpl ete process(es) via
the automation platform [0076] Referring nowto Fig. 14, an exenplary
configuration 1400 between devices in an industrial environnent is -

illustrated. A first device 1402 and a second device 1404 are conf ifguréd

t o i nt er acovipnrhersndhanearhél 02 £41 Lol dptie to aevanimodHy idiperaty porbersistied

" between t first .devi 1 and ;the; s ice.1404. Simlarly, the
first devﬂg%a%ﬂﬁﬁn%n%la&ﬁrén gg@dr@" 1%%1\}1%%11&%%%%@%&11%&# %‘(’;"g junctively to

conpl et e aleperitemsdefinihereahit@hation fiifareh DR 0 @rehdQGIcaincibedc dhbis,gured to

comuni cate wi_ith and/ or operate in conjunctign with the second device

1404. TherBayiiag cpeh pfethe pacradd9? adil &0 wathey gty af thy sutomadien giajiors 1402
wth resp I I 4 i t (not
shown) Caﬁlﬁ@%@%ﬁ%%%gd%ﬁ%%ﬁﬁe é’)acg)gn prigtlegfslg %gggil)gt‘fqlﬁlgéé}ﬁsreg%%dggﬁg es 1402 -
1406, and showh) githiatthemutanmrigs pissfieeh 1dé%i ces can occur automatically. In

accordance w th anot her aspect the present jnyention, data relating to
the three §8{Alces 14emveny Ycﬁ&efél"?\!ﬁ&&? rﬁa&\‘z’éﬁ}ﬁé‘é’ﬂt %b?gpﬁ & BY™a dat a
col l ection j : h da4RA" Rirbefdr 4R (d) gk shdh weeul d be
desirabl e ?%g%%%;&?%?ge;_?%%ﬁiﬁmge\% gglslgf%znwi fdﬁ thg)secgncﬁ1 devi ce 1404
(e.g., rergteeiliyuaderaiconiat dcoordphert Wioh the mescat decitamatiters fomtel ). At a
later tinme, as.all t ata.i.s collected, .the third device 1406 can be
confi gur oS & e ad0hnd 14D TE S IROM LG e R o] SRR 02 vi 2 a
' request OrasgiRedia @Hth @Mk useHC (BN esiete iRfustite sNIE R eBiredcd@ntitigR 1Ry OVi des
for an extensible declarative automation platformutilizable in connection

wi th an i rediteseatioalplaforio biiRe and theGopmdienmlaitprmol 102 gtselfs Thegm thexenpl ary
system 1500, that facilitates control .of. one or nor.e chi ne(s

o T ect uat MRS 1104 S pREERRE i 8P alin PR RS MHATSLIS: net udes
a pluralitee ?xfocgs@.\Gp@ﬁ%rha@a is o ?%@Vi@&?ﬁ'itﬁiiﬁ@hhaﬁontﬂt@mﬁcﬁm{b bRf0ss

conprises a first device 1502 through an Nth device 1506, where N is an

i nteger grepstader klRGere PRBegpg Eders uppBOBetagata s BT EETey a '
controller. 08 that utilizes, a 1l i n j ith, GO ol l'ing
The devi cdeeiggat ittt Frur s aagh B Snatrnd SRR S LR b S B00E

t he cont r okh&@f cobffafed to @ohderiRinaldflt &s, Stigtle aferiafle:dbiewnl not alapticdtoa et adat a
rich envirgonnent as described above, the controller 1508 can nmake nore

i nt el | i gerfhapgssiassasipsedEh 28 SREIRIEY SYSeB olfeRt BrRipt oy #pA/8T PEFs.  Furt her
met adat a cjj %@ﬂ by the devices 1502 - 1506 can be directed to the
controller ¥o provi de additional netadata to the controller 1508 for
. use in confnt]l i ng sSNeWw redfeviiges Hig02, -ankh&bpladsindedtddadyateins cont i nuously
added and accessed by the controlle 508, the contro)] er can make

Y. r 150
_i ncr easi ngirP@Im lgdRn &‘é‘éﬂfgﬁ“&ﬁémﬁ’n%‘egéeéﬁ‘ﬂt IREEREPR &t & %ﬁ%‘irﬁq‘eat ing to
* the devi ceggdpid systdmEpresentation 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
capabilitiés 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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[0078] Now turning to Fig. 16, a system 1600 that facilitates netadata

coll ection and/or generation within an industrial system autonmation
platformis illustrated. The system 1600 is an extensible system wherein
the nore netadata that is collected/ generated, the nore structured and
nore intelligent the system 1600 and parts thereof becone. The system 1600

~includes a data collector 1602 that facilitates collection and

organi zati on of nmetadata. Particularly, the data collector includes a

regi st r at i wAvidenpowshmorepaweriel mepdaie andst thaw sprpwaienal gwtrdaigetdsd, t he
regi stratign co ent, regist i ' . A0 . i.al
system 1608’ St(egfsgﬁgﬂ%%or%%l ggurﬁeagg%@%ﬂ i a?l I%%EHEE(?I%%%&%%G%@& %&g&%%aadat a
and exi st eri] snBilad duiding kppli@KanpéBier] did ghadsanocthkt diateariof GDFhthrtor ecei ve

nmet adata from sensor(s) 1610 fromw thin the industrial. system 1608. The
recei ved rwaa@f%ﬁ%ngmérﬁumﬁmfﬁ%&@é@é%éfn%aéﬁ%&&wﬂm thin the
_industri al ; j it hi M WaTall ' RE808,

comput er - rEPAPLS P iR Gl P Rl LR S VB RR R e,
whi | e not Elovitiusteatesahie obatts dR0DHAR1 6 linkakogethtraradidoa] th p tgened at e

met adat a accor.ding to. application, confi.guration and/or interfacing between
t he indust?‘sﬁ%qla%‘y’stéﬁh%@g%c ?W%@ﬁhﬂ%@&l 5125849 WP“?LH’Q’?E’d%%a can be
col I ect ed QyekA) UL SR (., ACAsk¥dibt ESin(GvBhg inRA¥SIERlor SYSboe
controller, sofaitq%g’re appﬂli caﬁ%n, .S. . )1._ Thé1 datglcol I ect%r 1602 coll ects
and r egi st sisblehelafiex giav eah erestddbreen dpattpl aces it at an appropriate

| ocation wthin a netadata store 1612. This, netadat.a store 16 InS
~accessi bl e 0@34]2 cont Wrégrnolv%g%ﬁtghgi BT g@u%gﬁ]t?%’fmg?le%ﬁdgast a
- portion of yfhedindusicbid] wik9haRohddn pliiRreUTikoplesint dddudiist her can
receive data directly fromthe sensor(s) 1610 that is not netadata.
Further, tHiuswafhd ubhlaktomation pdatforel ik skrewitbip ademeuiing BRviramentd & at a

I e e LR o

appl i cat i opgchifakPPasaS(esk OTHd Aitsakii@nslaletveeudeng Hhtnesileaind any ot her
sui tabl e steps necessary to configure the device with the i ndustrial

syst em 1608mepanehethaiesains tearelptingioahs tndysiyiaberyvioamant . Parfigtyey. ip e
referring Eig .17 nef%mj M'nﬁ& j with an
aspect of {nﬁgmﬁrgle%ﬁéjrlfpn@ﬁ{}tentl on&{ééxg ustr at eﬁé%@%%ﬁ%@%&%ﬁgﬁg 1702 is
accessed bindtywadispas aberéldubérebal Payistlary, MIA043@hd chifiGiedtbiantl ar e

| ocated at different geqgraphical /| ocations. For_in nce, first
S 1§ al FSSHETS TSN oL A Bend BEIA QaVeF § TG ERCT VD SRS whi | e

t he secondy4 ial; 1L AN : Mateda N
Nevada. Du ég {Ug @%\%éaﬁésé%%&%%\ ége%%%a?xcgﬁ Ilée;q ?%f%ndg}]%%%c,ra tgoa%ﬁ?{xcg%ﬁ&gs rial
syst ens 176dhtaddf 3 ddHamsnindtittiblzdevided 34 R tigheghnet Mdatrslustriel éevi0S Itdo

configure and/ ar .automate process(es), and/ or chinery within such
i ndustri al W??@t%ﬁ%aﬂ%%eéﬁgeaief ; fnﬁ‘é‘é%?&%”ﬁ? ORFYRPLGST Y O%¥Pect of the

“present i nygot {2 idn/O2ne BDCHEIGy St agehieehest OF
acr oss var?ig{g}téﬁ %Farglggjé%g eic?ln%@%%l(;aﬁ&gsteﬁs 1704 and 1706 access the
met adat a strouetriz70@itdsrid0gk 18ny¢. Fuithebite datt cadicktianormmmoneireat pO8IN For

exanpl e, the network connecti.on.can be a Ti_gconnecti .Et et

connect i on}n%%n%‘r?yr Hjégtos%ﬁﬂhﬁﬁql%ls\ﬁf#g?rgé‘goréﬁﬁ/%‘f“%ﬁaﬁgﬁlﬁ%ghgg neti%n. The
i ndustrial .sysfuiBitidd Bbiddts dfPB v dffeaRRAtyiE fhehisdubifkd devidesliBLR,—
respectively, and access the netadata store 1702 via the network

connect i on13 b4, feadiahy pticeswitshleioforpfatipn odeleny tedhe mdustenl denidss 4398 —wit hi n

t he i ndust r%EA systens 1704 and 1706. Furthernore, the industrial systens
1704 and 17 ‘(and controllers 1710 and 1712) can be enpl oyed to add

met adat a tt{nmfsf met adakautinitRn bl tanaiBdifterebnfipiradat RLCNCIGEERS, the
controllers 1710 and 1712 will be able to nmake nore intelligent decisions

i n connect il3P6 Wi pravidlehe ioKdrstrigl droiaes dAES ofl 3thwithrenelsodvass aidedfie®04 and
1706. 1008Q1Wth.reference to Fi | & Wge]cTese 10 for
inplenentiﬁﬂmggpﬁgﬁgnggggﬁe%%gwﬁgﬁgigg%gg%?%ﬁﬁpﬁgpééggﬁ%lgonpu%é%g%%iZ.
The conput 504812314 NBoreRr, arspr BELRBSENGhabihg oftdhd, oparasipa o€ thenipdustyial1816,
and a system bus 1818. The system bus 1818 coupl es system conponents

i ncl udi ng, dBYiEenBtO8I A Idegnto previdedinsg %ﬁﬁ-nﬁhﬁcgﬂdm@a%ﬂé%%spﬁ%‘b@ggi ng
unit 1814. The processing unit 1814 can be any of various avail able
processors. Dual m croprocessors and Ot%ﬁr mul ti processor architectures
al so can be enpl oyed as the processing it 1814.



[ 00811The system bus 1818 can be any of several types of bus structure(s)
i ncluding the nenory bus or nenory controller, a peripheral bus or
external bus, and/or a |local bus using any variety of avail able bus
architectures including, but not limted to, 11-bit bus, Industrial
Standard Architecture (ISA), M cro-Channel Archltecture (MBA), Extended
| SA (EISA), Intelligent Drive Electronics (I1DE), VESA Local Bus (VLB),

Peri pheral Conponent |nterconnect (PC Uni versal Seri al_ Bus (USB),
Advanced Q@ressht B ﬂxemm%ﬁ@dhﬁf Aatcan briarsted aE4isB2elt er nat i onal

Associ ati on P . A r
[ 0082] The %eogfz’%&n@nv%art%iﬁ%% ggi?ﬁtélés voﬁlﬁ %ﬁ%ﬁn@%&%@él ﬁﬂg}onvol atile
menory 1823achlitey Redisgarato podationt mtbmﬁgmeﬁm eEpmuoiwateaiith ogp 4rvehdpasi ¢

routines to transfer inforpati on between ealf’ferrent,s wi thin the conputer
1812, suchaﬂéscoﬁlli’rkitﬁﬁf%ﬁsé(ﬁis)ﬁlﬁ the sutepaHeRP2HOMBnvol atil e menory 1822. By

way of il l@g%@at' on, p §84; {Or@]%afﬁi %H’ex&ﬁﬂl%&;n'ﬁgﬁraﬁ%m&ﬁo L&d2egan

i nclude re nly menory , progranmmabl electrically
pr ogr ammabdeideOi {ERRGWIal elveotmextat [(Nuserndaldl ﬁrsﬂtmmr(eEE@R@W a sgeorfd ash

menory. atile menory _182Q i ncl udes. ando ss mempry (RAM, which
acts as ex‘illeé’r"‘%‘?a}I é&ﬁf’rfé’nﬁgH’(‘?S)}O UBGragY Pn‘?f“f‘]ﬁ E W&ﬂ& not linitation,
RAM i s avafsdngﬁhﬁcatfbn@fyenfaere%e%h (RS fifsY BENEOTHISnBADS £SBAMievigynani ¢ RAM
(DRAM) ; synchronous DRAM ( SDRAM), doubl e data rate SDRAM (DDR SDRAM ,

enhanced SERAMSHESDRAM) S fiSy dehts MO2DRANE &mmwceh@@aﬂ@@t Ranbus RAM

p \(/ol atilel L%%J"IE?BV%\{?%? (éOIB%)lﬁ%?lﬁlgrng%?i) l Udﬁ%r %‘ c%/]%% Flﬁs \rlg'?leg or

- exanpl e a @nFkuflies sgambaR4te Pits Kncsbloé@g&e w&ﬁjmbn@m thb yécong dlaoﬂt:e
limted to, devices |ike a magnetic disk drive, floppy dISk drive, tape

drive, Jazlﬁcﬂ]‘h \Zénerezﬁpr itiriay e desirabdotodeqniigurerthe §pst ﬁﬁﬁ’iﬁ‘? yA@awith respedtdeor y
tick. | t el
stioke I ARSI Shseeteoh, DLPIGRIATE coRBohB i ha ey AR E A aparat o

an opti cal ouimﬁtaaﬁrmmans tethe aired deﬁmamozm BO6RGM aemgmn@ﬁ:lanﬁﬁmt suem
recordabl e drive (CDR Drive), CDrewitable drive %{%@SI ve)

digital vedeyigs rc@n eivcsk apomalicalle [REVERTRONE. Wlﬂbaﬁ%bﬁreﬁﬂ &?Ff‘é&?ﬁ on of
the di sk S,gl%rﬁ%% lréi’a&né‘t%?tﬁe s{({f@lusege@ Qubs Lt Bready nEVPYAR! € Of

non-r enovabl e 1 nt er ace 1 such as 1 nterface 1826. [0084]It

is to be agpsieed By edaﬁahﬁﬂe&lc@ coiaﬂaodelsic rheesfisn hitusar@ntdedireibttsit aeubin
be desirable to configure the first device 1402 with the second device 1404 (e.g,
rendering an automation platform as a declarative model). At a later time, as all the
date is collected, the third device 1406 can be configured with the second device 1404
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.
[6G77} 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 infeger
greater than 2. The devices 1502 — 1506 are controlled by a controlier 1508 that
utilizes metadata 1510 in connection with controliing 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 corﬁpared to conventional
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i nternedi ary between users and the basic conputer resources described in
sui tabl e operating environnent 1810. Such software includes an operating
system 1828. (Operating system 1828, which can be stored on di sk storage
1824, acts to control and allocate resources of the conputer system 1812.
System applications 1830 take advantage of the managenent of resources by
~operating system 1828 through program nodul es 1832 and program data 1834
stored either in systemnenory 1816 or on di sk storage 1824. It is to be
appr eci at ecbritfdierst Fartheresenidatanyrentd onthealzviees 1 599 e nfid @d bsidideciednd ous
operating systens_or conbinatjons, of operating systens. E0085]A user

enters contsaBTeerilAPS Ry aiftignaliactadaipin be cawaddlor AP QLR uphisut
devi ce(s) écﬁﬁx%ﬂiﬂsgt}%h% dEGYLCRY LB3R¢! xﬁgﬁﬁda&&gﬁoﬁﬁﬁu&gf dd@llél%j to, a
c , ch pa Kk

poi nti ng device as a nouse, trackba stylus, to , keyboard,

m cr ophoneacceoyd by the copanBerpdg, atcohtrolie 1308 ban mekainersasihiylytinteHigenar d,
digital canpera, digital video.canera, weh canera nd e like. These and
ot her i npufeERiAs aé?iﬁﬁ%eltterfi%‘“fsﬁ&faﬁ}lgé%&i &C%H(ﬁl’ﬁé@ hrough the system

bus 1818 vjgg7spt el faﬂ@w&&ﬁﬁﬁgt)o Hig3f, als 18l 808 RRTAdiSthtel BRBadafic! ude, for
exanple, a serial port, a parallel porf, a game port, and a universal
seri al buscqligsB®)n ar@ionaenerdton vethy) arl Bfosttgksysemeawsématine Matient gpe of ports

i nput deyi 1836, Thys,. f le, a USB port b d t
or ovi o i il ERES TCaRsr TeTyis o e DA o MR St er
1812 t0 anisQullaubd/aeet£&, 134QordQuuRkkeAERADIBFe iABARhShREPMEAaE00 Bnd

illustrate that there are sone output devices 1840 |li ke nonitors,

speakers, p#t therent ecgmeaibagysernd 600 ingbedes dalziacaesiedaion D002 thitdhcititatgsi r e

. speci al ad .S. . The out put apters 1842 .i nclud 0] of. il lustration
and not |1 T GedeRitn ARG E FREHEE O Sur STl

connect i onrepRitrag@Ncdiiforebt PAY Hhe\d 1l ecch®dl caffordne 18065 eltddithe 1818, |t

shoul d be noted that other devices and/or systens of devices provide both

i nput and GESFETOTPRRNERt eSSy EIRORNG Bvdda dowpan Bdpsyialpatem 1608
[ 0086] Co”pgo?rco}x%é%eg 2l ORGLAL i?et%vgexﬁm@?%é’é‘?&eﬁ?ﬂet?%‘@ 5&&‘&8&%&&&9&4}99' cal
on or te conmputers, as

connecti ons t’o nore reno suc renote conput’er(s)
1844. The Fensbkeph)heulzer (llectbB480T adh heciac priflandtos eopuiEy 1618 fsaiver, a
router, a 'n_,eé_wor k.PC, a workstation, a mcropraocessor. based appliance, a
peer devi c¥ItBIn the HslustEahasieh et Wor Kedsaevehacteaga cak descahedelisi cal |y

i ncl udes ¥% : ], i - L: G ter 1812.
For purposes %Sg(et%f%léﬁgt %‘%ﬁi@@%ﬁ%ﬁ%ﬁ%@g?%@ %gﬁggi‘%ﬂ:ﬁg illustrated
wi t h r enot mdogiripltystefs)c 08 8deinpiRened ed cotjtics evithsi) tht8ddhsirial kugéra Ab0Y,

connected to Eﬁ%gut e{l. 1812 .t hrough a net Wo‘rz}gf i nterface 1%31:3 and t hen
physi cal | y*’€onRERTelf BOICHAMINFEATPBAICORIFEETT 67 T8SB2URN SRR 2Nt er f ace
1848 enconpRgaes acQRfind b GRS QoA BRI SH UG/ B InteB5@hg BEGRABIWOr ks (LAN)

and wh de- 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
industrial system 1608. The controlier 1614 further can receive data directly from the
sensor(s) 1610 that is 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 bé

automatically generated via metadata.
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area networks (WAN). .LAN technol ogi es include Fiber D stributed Data :
Interface (FDDI), Copper Distributed Data Interface (CDDI), Ethernet/I|EEE
1102. 3, Token Ring/|EEE 1102.5 and the |ike. WAN technol ogi es incl ude, but
are not limted to, point-to-point links, circuit sw tching networks |ike
I ntegrated Services Digital Networks (1SDN) and variations thereon, packet
swi tchi ng networks, and Digital Subscriber Lines (DSL). :

-[0087] Communi cati on connect i_on(sf%_ 1850 refers to the hardware/software
enpl oyed t®90ZBhnect Now reterming o Higtles paceempay sebadiaeydg08818. Wil e

communi cat i on_gonnect i on_1850-.i ho - phlustrativ L asity l.nside
conput er 1%31:&??6‘@%&%?%%’% %f%%”zers %nalm{e%%g%rlwspluﬁ getFﬁé%lg H? e‘%%l 2 sfore

har dwar e/ spfiowakeschRd@essabyifparatcmdogeul optch 1170€ anét Wog, kvhich #ef ace 1848
_includes, for exengﬂlear purposes_only, internal and_external technol ogies

such as, nogeiss 2 dicerral sepgraigahloctiidnsy Hon dstngadhe Bt mdusteighivateibdens and
DSL nodern I S, RA&E : i; I

schemati c E?OS;C ieg(g(?dgetr% oi lggsqgcﬁp%-ﬁconpgéa?{lgﬁlel%%/l}gggﬁdn@n@dﬁ%g% S\?v?ttélﬁ whi ch
t he pr esent7(6maehkilosataiam thintaefueoty. in Thevady.sDeatd8B@ncanadintides one or nore

client(s) 1910. The client(s), K 1910 can _be har e for software (e.g.,
t hr eads, pﬁ‘QS’é‘@lé%’é%t}orth?FB@g‘?gﬁ’gb%‘g\}?%?}?l Sﬁ%ﬂ%%@iﬂ@&% cap Btz BF udes one
or more 5%}{%% (rﬁe%tz}l]dgagﬁzsgore-ﬁhgz SCENBT ) ark DA bRRa8 hiRe )@es@%@mmﬁﬁa&or

software (e. S, processes, conputing devices). The servers 1930
can house whhimauish trelupenf gustants 1404 faod FE06.ohsadegrdengs! wyh mapthdraspraé oént

i nvention, for exanple. e ssible c ni cati.on.between a client 1910
and a ser v PISH EETE T AT ot 04 i ba : AR R et S

- transni tt eghchokie el iN@ushal TEEMS ONPRULERT 1 TUEORESE B mEfAats ¥@en 900

i ncl udes a comuni cation fraimework 1950 that can be enployed to facilitate

communi cat thorughlzeyweidable hetworl esrmeetjor 708 divd exdraplsethe aetpeyk c@B@ctiqhe

client(s) 1910 oper abl onnected to one_or, nore.¢client data store(s)
To60 t hat NPT bRIREY s Es TR Ea e bR s S D ey v Rles Ry | <)

1910. Si m {@elhide cdnREctRB! VRHe(iBduskS3 Qvaeas 0pes &l V/06ancedd agnblle@nE1or nore
server data store(s) 1940 that can be enployed to store information |ocal

to the ser#ukk7120@opedtiggorvinecetidbe metadaesuril Bt viatereetadd udes exanpl es
o e P QSR PETLLN Liohfor 8, SULF B BOSR Wi B SEnSELpe 21
descri bi ngsyshenr@eent 1i70v5.eptdtiermoby thondusafialoysieman y0s kid 1706nahde art may
recogni ze éoq%oﬂggnl%lfo li;é ?g{Z)Cc%nml))ie ré%pilgye% tg ggd metadata to the metadata store

1702. As amount of metadata increases, the controllers 1710 and 1712 will be abie to

make more intelligent decisions in connection with controlling portions of the

industrial systems 1704 and 1706.

10080] 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.

[0081] 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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pernutations of the present invention are possible. Accordingly, the
present invention is intended to enbrace all such alterations,

nodi fications and variations that fall within the spirit and scope of the
appended clainms. Furthernore, to the extent that the term"includes"” is
used in either the detailed description or the clains, such termis
intended to be inclusive in a manner-sim.lar to the term"conprising" as
"conprising” is interpreted when enployed as a transitional word in a
claim  Cliddiectdre (MPARERBTREIIIOMHISA) Ointali gnDuive [Elcctadab (IDB)Y or age
mediumthat facilitates automatic configuration of at |east aagortion of

an i ndust rY& CFrpk Pemphyral Compongnijitcicorsge] (Prdl HesERzh oY@ of t he

PA.
i ndustri al ﬁﬁy ' Jdal.a I Qﬁﬁj ‘ ema and
conpri ses %%%@fataApﬂg#%gggggﬁ%es'rg¥§?$g§§%§%s ‘ﬁggﬁaéﬁgé?%§| entities
r epr esent eitemhdtivngl AfecadbabrodeIMCila), andBpettGommnatr $yspmedertfathe
physical entities within the industrial system and data objects that
repr esent fodesses undert aken by the physical entities represented Wi t hin
the data npggiy ThOBRH mpiofy ?9’?§Bﬁﬁid[e§‘%laﬁ€tn?&ﬁqr?ﬁ s8gidid i on, _
modi fication, ‘or renmoval” of a first physical entity within the industrial
syst em anmbnvolatile memory 1830 Ah¢ basicioppdnepet sykian @EIOSheohealingthedaticgur es
one or nore of the sical entities represented within.t at a, nodel by
Gener at | ngESHS 1 GPOTH TOHAGh By ERerGHETOP g A YBIEar et b Fee. b

confi gur at ,@hehasedp at stof@Sh dofvA ik iestyiire2 dakavanseliudRdonainadat a
t her ei n; Wneregi n Qp tsr?e datna nodel is nodifi edtybased on the detection of

t he addi t i lomitatioodinpircdatile memrory édY edn iptlugh eeafondt mpmpsy GEPMent i ty; ~and
" a systemcontrol | er I d w thin the dat e A omatically
r epr ogr amq%fagﬁgg%%ﬂ%ﬁ%ﬁlﬂ ?ﬁ@m ?138118§?%prr9§5ﬁ§?mgblgﬁ%ﬁ\d (EPREMIS

electrically erasable ROM (EEPROM), or flash memory. Volatiie memory 1820

includes random access memory (RAM), which acts as external cache memory. By
way of illustration and not limitation, RAM 1s available in many forms such as
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).
[0083] Computer 1812 aiso includes removable/mon-removable, volatile/non-
volatile computer storage media. Fig. 18 illustrates, for example a disk storage 1824.
Disk storage 1824 includes, but is not limited to, deﬁces 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 faciliﬁate connection of the disk storage devices 1824 to the
system bus 1818, a removable or non-removable interface is typically ﬁsed 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

29



2. The platformof claim1l, further conprising a reporting franmework that
reports events that occur wthin the industrial system and wherein the
configuration conponent enploys the reported events in connection with
configuring the one or nore physical entities. 3. The platformof clains
1 or 2, further conprising a database automatically configured based at

| east in part.upon the data nodel 4. The platformof any one of the
previous clains, further conprising an industrial process i npl enment ed
based at Izdk&atelrasopmeb oﬂﬁmmoﬂpatedayﬂemd@élz Syﬁem'ﬁppizq:ahans‘ b¥3dteke cl ai m 4,

wherein the industpial process nted on a st by a user.
6. The pl a%#V&PWg%PE@Fg}W&mW%@f&?SH 07 ABgiaLH %Stemf)@%stﬁrq i npl-enent ed

via a declgp gltahpﬁmﬁmem%dprzgra&h@a@h@ii Q655 Qfth @Y sP&m et dts 1B1.6VI OUS
claims, further conprising a graphical user interface generated based at

| east in paran dipostotage 1824. alt npiddie. appBaciabibthpl the ptﬂsmtomvmnyn omebof t he
JETRNE T T X TR L S RN 0 S

[0085] A user enters commands or information into the computer 1812
through input device(s) 1836. Input devices 1836 include, but aré not limited to, a
pointing device such as a mouse, trackball, stylus, touch pad, keyboard, microphone,
joystick, game pad, satellite dish, scanner, TV tuner card, digital camera, digital video
camera, web camera, and the like. These and other input devices connect to the
processing unit 1814 through the system bus 1818 via interface port(s) 1838.
Interface port(s) 1838 include, for example, a serial port, a parallel port, a game port,
and a universal serial bus (USB). Output device(s) 1840 use some of the same tyf)e 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 fromr 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,
which require special adapters. The output adapters 1842 inciude, by way of
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
logicaily 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-
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9. The platform of any one of the previous clains, wherein object oriented
programming is utilized in connection with the data nodel. 10. The

pl atform of any one of the previous clainms, further conprising a filtering
conponent that filters information delivered to a user. 11. The platform
of claim10, wherein the filtering conponent is generated based at |east
in part upon the netadata. 12. The platformof claim1l, wherein the
filtering conponent is declared within the netadata. 13. The pl atform of
claim 10, wheneiworits(@ ANt BANGcoaripg nemncluds Fipen BYisitibded Bsedntrfaceast i n

Phe. pr ovi ollDaPer et hirsrignnt e et Baa P bD: B a1 EELJAPLS) B et vieen
obj ects ut pliZ@EH 08 INAGHE ARe AN thinsiabas Ruele, Bittrahot 18AiEdd @, porti on

of the industrial systemis configured based at least in part upon the
descri bed psisetHatindiks, citdBit sTighpigaetwerks ke bitegrated Servieasttigitalconpri si ng -

oby ect s, Rgronen S ARaGRiietohS Brekfns B B RESHREOIRIE Thks
t abl es accoipbrb@Lihé®dIHance bet ween obj ects.

| {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
connection to the network interface 1848 includes, for exemplary purposes only,
internal and external technologies such as, modems mcludiﬁg regular telephone grade
modems, cable modems and DSL moderns, 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 or more 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 servef(s) 1930 can also be hardware and/or software
(e.g., thfeads, processes, computing devices). The servers 1930 can 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 seﬁers 1930.
[0089] 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 pfesent invention, but

one of ordinary skill in the art may recognize that many further combinations and
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17. The platform of any one of the previous clains, wherein the netadata
descri bes associ ati ons between one or nore of industrial device(s),

i ndustrial process(es), and conputer-rel ated devices within the industrial
system and at |least a portion of the industrial systemis configured
-based at least -in part upon the described associations. 18. The platform
of any one of the clains 1-16, wherein the netadata describes resources

al | ocat ed anongst objects utilized in connection with the data npdel and
at | east ap@etdtions of the eestmdiradntiva larsyssin. | Scooadififiguhe drdsagenvantioheast
in part upon the described _resources. | at,f or.m of ne of

19.. Th
clai ms 1- 16 infgpdaddp smbree Rl sHeihdlierafacnsy Wﬁé’écﬁg%r@lﬁnéé’én%@%’g%@ with one

or nore of i I ' ' Ll &]aidE , d hat th

Comput or -r S5 §ifl alifeoE0r k ARSI Slanfl OREERERSe (Afontont that the
portion of tekhé&irichdigst Kivatd mysthenthi detadiad dguriptobasthd chims, sadt tekm tpart upon
the described resources.. 20. The platform of any one .of, the previouys

cl ai ns, mh%?%@ﬁ§FH%”&QP%VﬁHH%FmPgagﬁggﬁr%ﬁk?%ﬁ@t%?ﬂpﬂﬂP$ TpSAERESr nore

of an I'SA ﬁﬁnégﬂeté@whéfr\eﬁgmye@ésaﬁanéf%nﬂa&@@aﬁ@dﬁﬁﬂprI sing the platform
of claiml1l. 22. A SQL database conprising the platformof claiml. 23.
The platformof claim1l bootstrapped to a service call. 24. The platform
of claim 23, wherein the service call is a hard disk boot. 25. The

pl atform of any one of the previous clains, further conprising a
~manufacturing framework that facilitates comruni cation between the

i ndustrial systemand the platform
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26. The platformof claim25, wherein the manufacturing franmework
conprises one or nore of a reporting framework, a coll aboration framework,
and a portal framework. 27. The platform of any one of the previous
clainms, wherein the netadata is obtained froman external data store. 28.
The platformof any one of the previous clains, further conprising a
transf orGiAliM® conponent that transfornms data within the data nodel froma
first format to a second format. 29. The platform of claim28, wherein
the first format being SQL and the second formal being XML.. 30. The

platform of ol giabfodm cMbRERIbIS@ CémPhtat-fealiblé swidgetraédomatiitofEilitasy of
I ndustrial systens at _disparate geqgraphic |locations. 31. A system
conpris@HUmEWQGHF%%F@KEUHEEH%ﬁ?%P%HB%B ayngpstHal SyREm EPMPEHBEb] e st or age

medi um that  whep: S%acitieprts@itativdbOhe SflsiiAGhdibh avRsreidghesdatd Alodel
aut omation, the system conprising: a conponent _that_ retrieves

met adat #cedo e anedMii tshbame jaRd ummrises sfadatn Hishtdeasribes dgBHRDEDSy
met adat %e{%@e%ﬁdplg’%%i fitit GephrBCHR balhi@NMe TRMTBRYdel, data objctSQRRO"
conponent that detects an addition, nodification, or deletion of a first
i ndust r irepresgay ithge physiegl entities within the industrial system, and data objects that
represent processes undertaken by the physical entities represented within the data
model;
one or more sensors that detect an addition, modification, or removal of a first
physical entity within the industrial system; and
a configuration component that automatically configures one or more of the
physical entities represented within the data model by generating code for utilization
g by the one or more physical entities, the configuration based at least in part upon the
data model and metadata therein; wherein
the data model is modified based on the detection of the addition, modification
or removal of the first physical entity; and

a system controller represented within the data model is automatically

reprogrammed based on the modified data model.

2. The platform of claim 1, further comprising a reporting framework that reports
events that occur within the industrial system, and wherein the configuration
component employs the reported events in connection with configuring the one or

more physical entities.

3. The platform of claims 1 or 2, further comprising a database automatically

configured based at least in part upon the data model.

4, The platform of any one of the previous claims, further comprising an

industrial process implemented based at least in part upon the data model.

5. The platform of claim 4, wherein the industrial process 1s implemented upon a

request by a user.
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a configuration conmponent that updates the netadata based nodel in
response to the detected addition, nodification or deletion and
automatically configures one or nore industrial devices based at |east in
part upon the updated netadata based nodel. 32.- A nethod for automatically
configuring at least a portion of an_ industrial system.conpr,ising:

recei vi fig a dae@latome oltghim fsvhapindbe i PECEISHS IRIFRPINAAIE 8y st em
wherein | confornms to an XML schema and conprises netadata

t hat degéa%ﬁgﬁ%?g‘g%bnshi ps between physical entities represented within
the data nodel, data objects that represent the physical entities within

the industrial system _.and data_ objects that represent.processes
under t aken by'be t{?ﬁ%‘sqfé%l’ 0B P e FLeVIQS LB i TR a%rﬁ’%c?‘}odel ;

confi gur é—gﬁ@ec 6N BBl atliBGt in S igondhe 8M8 heby aut omatical |y
gener at 51%%9%0 e a%gll appl ;?igngathe gc}%e tI{) t he machi ne based at least in
part upon a user request and the data nodel, sensing whether an

alteration tg.a fifst sical .entity within the i st Lial occurs;
modi fyi g t h&hﬂéiﬁ£W0‘§r Bé’%’@ﬂ’fﬁ}e Hrg'ég‘tls PRI, P ﬂegﬁl%tskéﬂe%ecr@ééﬂ%m eration
by at | %ﬁl?loﬁ@ﬁ‘e k138 itH BontF TRY britGor rAcHd éﬁhbf&ieﬁlidbg:c& whakiia tiebjndadtrislhat
represents the first physical entity; an automatically generating

sof t war @yttemr e- confi gure a second physical entity within the industrial
system based on the nodified data nodel.

9. The platform of any one of the previous claims, wherein object oriented

programming is utilized in connection with the data model.

- 10. The platform of any one of the previous claims, farther comprising a filtering

component that filters information delivered to a user.

11.  The platform of claim 10, wherein the filtering component is generated based

at least in part upon the metadata.

12.  The platform of claim 11, wherein the filtering component is declared within
the metadata.
13.  The platform of claim 10, wherein the filtering component is generated based

at least in part upon metadata relating to the user.

14. The platform of any one of the previous claims, wherein the metadata
describes associations between objects utilized in connection with the data model and
at least a portion of the industrial system is configured based at least in part upon the

described associations.

15.  The platform of claim 14, further comprising one or more links tables utilized

to describe the associations between the objects.
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33. The nethod of claim 32, wherein the netadata further describes
resources associated with the physical entities. 34. The nethod of clains
32 or 33, further conpri sing: recei ving metadata associated with
the sensed alteration, the netadata describing relationships between t he

I d [
Systom oS TR R o T o aP R B Tonerd BB RLD PGl AT

Wit hin t hi@eritaAetShdtwédn Sy&dtem i s based at least in part upon the sensed
alteration and the received netadata. Dynam ¢ Schema For Unified Pl ant
Model ABSTRACT An industrial systemconfiguration platform

facilitajes a’ﬁl 1%?09!1 r?gtﬂile d}qﬂéfu{e'vﬁ)lus SMHhEWhellR Pﬁé&ﬂ%ﬂc{t abscripat em

configuration F'm co ses epresentation o ein ustr| al system
and a Coﬁbfsb@aﬁcaislbbm&mmemnotmaf uahnt;mmhtiemada(tsy mcbxstrla@lprwsﬂtsﬂ eabt a

portion of the industrial system ha t | t i h
descri be@omNger s detticssi Wy mﬁhﬁﬁg}i Séfé@i‘%zémh%’iqar aﬁ%oﬁ%n?ﬁﬁat a thal
conf | 9ur ey lasGsith i 6301 DALY LI it b TR PaRURscrdAd adodialiahase_can be

generate ructured sed at least Tn part upon the netadata. The
i ndustrial system confl guration platformfurther enables an industri al

process O beThenBla? orm ) ar1t3)fa§1fle'é‘zd01§l ﬁme 883k f P6 PhdreitPRR maadartraetdg&%%gs Fg. 1

resources allocated amongst objects utilized in connection with the data model and at
least a portion of the industrial system is configured based at least in part upon the

described resources.

19.  The platform of any one of claims 1-16, wherein the metadata describes
resources associated with one or more of industrial devices, industrial process(es), and
computer-related devices within the industrial system, and at least a portion of the

industrial system is configured based at least in part upon the described resources.

20.  The platform of any one of the previous claims, wherein the data model is

based at least in part upon one or more of an ISA 95 and an ISA 88.

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

22. A SQL database comprising the piaﬁom of claim 1.

23. 'The platform of claim 1 bootstrapped to a service call.

24.  The platform of claim 23, wherein tlile service call is a hard disk boot.

25. The platform of any one of the previous claims, further comprising a

manufacturing framework that facilitates communication between the industrial

system and the platform.
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26.  The platform of claim 25, wherein the manufacturing framework comprises
one or more of a reporting framework, a collaboration framework, and a portal

framework.

27.  The platform of any one of the previous claims, wherein the metadata is

obtained from an external data store.

28.  The platform of any one of the previous claims, further comprising a
transformation component that transforms data within the data model from a first

format to a second format.

29.  The platform of claim 28, wherein the first format being SQL and the second
formal being XML.

30. The platform of claim 1, wherein said platform facilitates automation of

industrial systems at disparate geographic locations.

31. A system comprising executable components embodied on a computer-
readable storage medium that when executed on a processor facilitates industrial
automation, the system comprising: _

‘a component that retrieves metadata associated with an industrial environment
and generates a metadata based model of the industrial environment;

a sensor component that detects an addition, modification, or deletion of a first
industrial device; and

a configuration component that updates the metadata based model in response
to the detected addition, modification or deletion and automatically configures one or

more industrial devices based at least in part upon the updated metadata based model.

32. A method for automatically configuring at least a portion of an industrial

system, comprising:

36



receiving a data model that is representative of the industrial system, wherein
the data model 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
model;

configuring a machine within the industrial system by automatically
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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sensing whether an alteration to a first physical entity within the industrial system
occurs;

modifying the data model based at least in part upon the sensed alteration by at
least one of adding, removing, and altering a data object that represents the first
physical entity; and

automatically generating software to re-configure a second physical entity

within the industrial system based on the modified data model.

33. The method of claim 32, wherein the metadata further describes resources

associated with the physical entities.

34.  The method of claims 32 or 33, further comprising:

receiving metadata associated with the sensed alteration, the metadata
describing relationships between the altered physical entity and other physical entities
within the industrial system,

wherein reconfiguration of the second physical entity within the industrial

system is based at least in part upon the sensed alteration and the reccived metadata.
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