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functions which are to be implemented by a given application or program, the code developer

20  designs a monolithic, independently executable program which implements all the desired
functions. The programmer may use, for example, a high-level programming language such
as C++ and a code development tool to generate the high-level language, which is then
compiled by a compiler to provide an executable version of the program.

One problem with this approach is that the applications are difficult to maintain, and

25  separate functional portions of the program are difficult to reuse because all portions of the
program are entwined and application-specific.

Accordingly, in the software field various software architectures have been developed
in which application functionality is broken down into smaller units, such as objects or
components. These units may be assembled to provide the overall functionality for a desired

30  application. For example, a group of components may be assembled and compiled to provide
a stand-alone, executable program. Alternatively, the components may be invoked and used
in real-time, when the component’s functionality is needed.
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1 SUBSTI TUTE SHEET (RULE 26) WO 01/48602 PCT/ US00/ 35465 Because of the
resource expenditure necessary to develop these units, it is desirable to
be abl e twg@Awsert hese units, so that their functionality p@yudseserpl oyed

i n subsequen applications w thaut having to "re-ipvent .t he.wheel ' each
e thi S 1 UREELBRE T gePun Supatre e an Aoy teseinifsc it Sevahed such
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repositories and uUser Interfaces, are relatively easy euse. ver,
other LRl RTRRASHLS to SHEER hOG3ReP {305 APRYaBAY i c;
are sti{l _c?ttljmge In Ia{r)lg_g ob}’%@l},gl?t tmgﬁna ;géhlggﬁ_%f tﬁfggg@%ﬂgﬁg}cﬁg%teé&gr
their Vay &Rkt EaiRGdrk ARBitEthiek Coukh as Td-Bier Snd @FRASrakdtebthHl, oRde Mirtiodd, €l d
software applications. There is a need, therefore, for an inproved sof t war e
appl§ cagiclnssditd adplositdrits andCiseRiit@rdlcas,i ¢ rélafivdly @hslstoardsd. hBlokveoirpaRent s
that avoid the drawbacks of the prior art. BRI EF DESCRI PTI ON OF THE

DRAW NGSpEs of donigonants] sugh astmke tnplepestteimlicationotb gichsreptil Shmtipddriv ¢éage on' s
"N-tier architecture” paradigm 15 Fig. 2 is a pictographic representation
of a soblovks, endlacg geyse ¢ thesS companditagr dheimtviatonse furesiont diffiowit.of Tlas tis er
and its framework; Fig. 4 is a diagrammatic representation of the present

i nvent i espeeialipirne duloalgfield sefiware Bpplecationid. onchart representati on of the
present invention's life CéC| e rules; Fig. 6 is a flowhart generall

descri bi ng t KBerprissankeadn iBerefos fornar Hewprevnd soltwaesppmication syiahloatos
architecture for e |n generating software conponents; Fig.,7, a Venn-type
di alft anfgRIPRRENG ol et and it sQsRPepia diat W%‘Fl;th%@?"%@ﬁksé?f el ge di agr am
of the present invention's Messaging Tier; Fig. 9, a Venn-type di agram of
the present invention's business software conponents; 25 Fig. 10, a

Venn-type di agram of w o enn-type di agram of
N 0¥ ThHPpRAWIRGY

the present invention' = et Frg. 12, a Venn-type

di agram of t r; a@”m{ j.Qn: i er - Fi » Qe j.agram
of the pres eﬁfg' ?rﬁ%gﬁ%n sﬁ&fg%gegﬁt%hﬁfgﬁﬁmﬁg%Vf%l?onaé\}gﬁ{r%? 3}%@& I ggr am
of the piggient invention's Visual tier;

!

15 Fig. 2 is a pictographic representation of a software factory;

Fig. 3 is a diagrammatic representation of a tier and its framework;

Fig. 4 is a diagrammatic representation of the present invention’s methodology;

Fig. 5 is a flowchart representation of the present invention’s life cycle rules;

Fig. 6 is a flowchart generally describing the present invention’s method for
20  designing a software architecture for use in generating software components;

Fig. 7, a Venn-type diagram of the present invention’s Base Tier;

Fig. 8, a Venn-type diagram of the present invention’s Messaging Tier;

Fig. 9, a Venn-type diagram of the present invention’s business software

components;

25 Fig. 10, a Venn-type diagram of composite components;

Fig. 11, a Venn-type diagram of the present invention’s Real-Time Device tier ;

Fig. 12, a Venn-type diagram of the present invention’s Data tier;

Fig. 13, a Venn-type diagram of the present invention’s Processing tier;

Fig. 14, a Venn-type diagram of the present invention’s Visual tier;
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2 SUBSTI TUTE SHEET (RULE 26) WO 01/48602 PCT/ US00/ 35465 Fig. 15, a
Venn-type di agram of the present invention's Mdel-View Controller (MWCQ

desi gn pajlffisedz 9- 16, a Venn-type di agram of the presefc1y\6REHN S
tenpl ate objects; Fi , a Venn-type diagram of the'present invention's

.17
Busi ness Rul Big- tlSer, Vern-fipg diagramy of/dh, preppie avenjioars dfodehs/ igyesefoller
inventim I.nterceptor tier; Fig. 19, a Venn-type diagram of the present
i nvent i BWVE) ABHER R /n tier: Fig. 20, a Venn-type diagram of the present
invention's Wzards,tier: .Fig. 2 a _Venn-type diaqgr f. the present
vent i on 5 s iy oo gfaghimat g Bret il iebiRp S ABhAR e o e i ness
nodel consi st f i i i I4.S.: i.aj-ed with the
field;, Fig. g‘isgp?’g’qdavgﬂehﬁ%ég%lgg i §%m8%) easerits 1rﬂhc lﬁ’}r@ ]#l‘%lrn%gss%gle?h%o%onent ;
Fig.s24 is a sV aleY r; S .rom an
exerrspl ary ag{%??%’gdts?%%?fy?igg%a%agpgﬁé?)?%%@é)sﬁé%@?isﬁtegc%ﬁ%??l 81{,t her exenpl ary
di splay f ronFigh@,e&(VEEﬁi-@Fﬁ!m BPIhk pAdsk@nvdntien’ s Applitatior! 2 €sent ati on of
a further exenplary display fromthe exenplary application; Fig. 27 is a
represent ati Big. 20, Vén-type dispxenpl te Yradesiihveentibh RrviZarisexgmpl ary
application; 20 Fig. 28 is a block diagram of the processing occurring when
addi ng a newrigell, 4 Yerdrhtype tiaghain bHithe pecsextanydnsivy’sdeptingiadrt on. DETAI LED
DESCRI PTI ON Referring generally to Fig. 1 through Fig. 6, the present
i nventi on coRjx 22 ésa sepré&dntatiom ofle kimiple bhsinesa ppidekbsonaisting of me oil ifietfsamith
manuf act uri n? oriented approach to software production based on a
wel 10 detiaiwellsassodiated withdhe fAgldused herein, "manufacturing" inplies a
nmet hod anal olgpus to a software factory. Using the present invention
met hodol ogy, Figo#? iia rrespippiiensef aovirugene:fos g veshk commpenpitoceed as if it was a

sof tware manyf actucin rocess with an 3 :
Mg. 24 Es agreBresentat?on of an exemplary display screen from an exemplary

application;
Fig. 25 is a representation of a further exemplary display from the exemplary
15  application;
Fig. 26 is a representation of a further exemplary display from the exemplary
application;
Fig. 27 is a representation of a further exemplary display from the exemplary
application;
20 Fig. 28 is a block diagram of the processing occurring when adding a new well to the

field in the exemplary application.

DETAILED DESCRIPTION
Referring generally to Fig. 1 through Fig. 6, the present invention comprises a
25  methodology that applies an engineering and manufacturing oriented approach to software
production based on a well-defined architecture. As used herein, “manufacturing” implies a
method analogous to a software factory. Using the present invention methodology, software

application development can proceed as if it was a software manufacturing process with an
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SUBSTI TUTE SHEET (RULE 26) WO 01/48602 PCT/ USO0/ 35465 assenbly |ine
capabl e of assenbl ing all types of intellectual property quickly and at the

| onest COWO has been proposed in co-pending U S patentpdpiohsadskon
Seri al 746 Hl?ﬁs file 2 Deceﬂ‘é\)rE 2000 and | nco%ﬁor at ed erein
by ref e?eﬁeey dief giseybliamalgposo PTRRSFWAFEKTY 0 ot
softvvar hi ectures and, in particular, to provide for the deS| gn of a
sof tware ﬁ’b ent architecture for the devel opnent of extensible ti er

sof twar e S [

system and rre 3%&1 ‘ﬁl Eeﬂeggf)?lﬁ&rfﬁgﬁ astelﬂ §11?a§f0§0§_'ma d]’LI J) (ﬁuﬁ% i pat ent

appl i cagiQn, JIS%Z' ﬁécehl,gyer Qgé(y 4Rd %erfoh{tgdjh% ré?&%ﬁ&b & R(?}RQ& %Q%t?r% and

|ncorporate herel n y rererence, rOVI a sy stem

devel opaRModfor S8l HR! &sRRPHA é‘oawaia@ arcﬁﬁeaaes faed saf %Afﬁaﬁmc EREREA for the
architecture for the devel opment of extensible n-tier software

appl i catiésdfsof d Beftwdre $8fipohéiit @RdhitestukesS tiddevitophitht 8f Sttbdsiile tieesofpadradi gm
as described in co- pending U S. patent application Serial No. 09/746, 155
and co- panpbrmegt dppHicatpaisench agiplusablisrein. Ubiizirgy thidesy st aidiomathad, linharbedht i er
architecture, all functionality is broken down at the 15 systemlevel into
| ogi cal figthenkpsoposed irecs-padiing at.S ppatérapphicatisnl Seted iNe W4, s Slefluoc 22 on.
In the present invention's N-tier architecture there is no limt to the
nurber Becaniar 2080 andhacospergiedtheraiy dpitrefrense,Not previds af systene and sieghed for
architecture is enplaoyed to devel op . software conponents 20. As those of

or dithar Qe‘eﬂ@nmenr ©ft %@W@f%@pdrﬁﬁlﬂ@s HPIDS ttw Ispftypyer eqippanent archigeqtyger for the

conmponents” are | i ndependent be inplemented in any of a 20
nunber ?Veé%ﬁﬁl?fg %‘ﬁ %Bé@r? Hae l?l’h%u limtation FORTRAN, C C++,
JAVA, asse or a t hereof .

ordinary sklmlﬂl Ip?:'est't mvﬁ?tﬂ)cﬂ’r Hfﬁ*ﬁ % tfe§ WITJ etc@g ¢ BAdigm as Q-%f‘ine’fig 11y °t he
P ok PTG phBRt o flon Serto Ry (0 p 1 sl SRR TS, BRerflabi@liSho !

Irer escri ES a

i's char g?jﬁ% y& ego/5X6 ’Pl HI gh! l“glﬁepfarchwectﬁfeeraﬁ ¢ o?ﬁﬁﬁr ff ﬁM}éﬂ? Idoﬁ'ﬂ at%the

speci fi type aﬁ a specified interfate |erarc can be

def i hedgf@im (8] Tt logicaPehudRs 8P Bers ROGRA Eg%m;nh 2 wapdaﬁeaxbumﬁegs hﬁnd}tohl
architecture of the present invention. Each software conponent 20 to be

devel opg@ préseasin o RaaNWet BroBitedn@d SherO ot bl t3fe nudRRESLiGg3000N t he
nature of the functions to be perforned by that software conponent 20 and

tier 30. TheThe @ssait innsteivh! ON-tspaofthviassdasigeirobidecturd ig empddyedtd atevelsp ng
architectures to
software components 20. As those of ordinary skill in the programming arts will appreciate,
“software components” are language independent and may be implemented in any of a
20 number of computer languages including without limitation FORTRAN, C, C++, JAVA,
assembler, or the like or any combination thereof. As those of ordinary skill in the
programming arts will appreciate, “N-tier” in the prior art may be thought of as implying a
hierarchy such as with protocol stacks. However, as used herein, ‘“N-tier” describes an
architecture that is characterized by a plurality of “N” tiers 30, each of which has a specified
25  type and a specified interface. Although a hierarchy can be defined for the tiers 30, no one
hierarchy is mandatory in the N-tier architecture of the present invention.
Each software component 20 to be developed is associated with at least one tier 30,

depending upon the nature of the functions to be performed by that software component 20

and tier 30. The present invention specifies a method and a system for using architectures to
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4 SUBSTI TUTE SHEET (RULE 26) WD 01/48602 PCT/ US00/ 35465 inplenment a N-tier
system wherein a software conponent designer can design or select each

sof tware G@ymARent 20 to performspecified functionality gg @agHiRst hat
each software c onent 20 has thﬁa,i nterfaces specified

by t
ar chi t eHRRIFECRA Nties SYstp@ whggen 3e3ofy 2 P RATRBIIGSIYST eAn Qfﬁén;ﬂr%g]&ﬁft each
i ti th i i mt t he. .of .5 ti 30 ft
o oo Sivan CofpeRel2d i kb sAERed ApPnatiy s friuer gt eRQ Solvdre
hi t ect wh by ti . i t of
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| nt er connect igg%@ %&19@&6&%& ﬂhte.tp?é;eﬁg@%eafbnt '@%&e a6 éi_trﬂi? fo talufp@er of

interact wt e or nore er ti‘ers as néeded, 1| ., a software

conponeqtrs 4 oVisb i fredcdhydtints B 139 caRMbel 1 éﬁ&ﬁ&{ted"io} RiegiAtd. Watie RiFP@ABENT S
20 of one or nore other ‘tiers 30 10 as necessary. The followng terns are

under st gRHitéceurb ave ubddewhabb P WeRBIBRM BScdsarllP @R d¥fa hi%faﬁ'&lgaésymsﬂﬁid-bri n
the software progranmng arts for the present 1nvention, and sone are

f urt her theygtiai sysigmbehitiafs 1oEEdalNYy DiEEdcdhidctd Winghipteifitd irterfaceeto tHat i tipm
principles and rules used to create a design. COM Conponent hj ect

Model i n§0 céiororaentvithnormebpreniord biher éacaisud at@ted, oe., hisdésard benpateat 28 of
how its functionality is inplenented and has a well-defined interface

r eusabl within agivemtien3Q eancintera0ORBh sCimarmcodiyjoments ROpdose oBnwkeother érs Bect ur e
DCOM Di stri buted Conmponent Object Mddel DLL Dynam c Link Library

eveh? hapunesessgdssage handl i ng obj ect Franmework An architected context for

busi ness objects that nodify the_  business objects' attributes or add new
behavi or . GUIRe EPLpyRIng tens Gk Undrasiprd it‘érh,a"%.tg? f'aﬁ%ﬁseme%wn@ those of

r rm.n r. of Dbi h ' ly.identifies. f r nen
pr edet e ed ElLffTPnetheoso I ts that unlgua%syfolr%e tifies.a so ta%/g e _conponent

ordinary s are programmin e present invention, some
further explained herein:

TERM DEFINITION

Architecture A set of design principles and rules used to create a design.

COM Component Object Modeling.

Component An object that encapsulates, or hides, the details of how its
functionality is implemented and has a well-defined interface
reusable at a binary level.

CORBA Common Object Request Broker Architecture

DCOM Distributed Component Object Model

DLL Dynamic Link Library

eventhandler message handling object

Framework An architected context for business objects that modify the
business objects' attributes or add new behavior.

GUID Globally unique identifier, e.g. a number having a
predetermined number of bits that uniquely identifies a
software component
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Package A logical grouping of interfaces within a framework that
provide a specific behavior such as messaging or connecting.

Sink Connection sink for messaging,.

Source Connection source for messaging

Tier A logical grouping of components that perform a well-defined,

predetermined function.

As further used herein, “manipulates” is meant to be read in an inclusive manner to

include a software application that passively models, actively models, or performs a

combination of active and passive modeling.

Further, a software application that

“manipulates” also includes software applications that perform data processing, data

acquisition, and supervisory control functions as those terms are understood by those of

ordinary skill in the software programming arts.

Frameworks 40 specify a basic design structure for a tier 30, including software

components 20 and a set of standard interfaces for any software component 20 categorized as

belonging to that tier 30. As indicated in Fig. 1 through Fig. 21, frameworks 40, shown

6

SUBSTITUTE SHEET (RULE 26)

generally as boxes, comprise one or more packages 42, shown generally as circles in the



6 SUBSTI TUTE SHEET (RULE 26) WD 01/48602 PCT/ US00/ 35465 various figures;
one or nore representative interfaces, where the interfaces are shown

gener al | ywapo1algeuads i n the various figures; and one or norpemgdohasgsf or
col l ecti 32"20 software conponents
3

; 20 as well .as one or _nore i.nterrogatable
or oper t VHUR NHEVES: i 96 TOre pHePRSTUAlYS TRt WA BT IRCD AT NROVE aces
t hat i j f.i i i 5 2ct . Mbst
f r anewo gy AGEds hiing SR Moo Bc BFRERO RO o SERARE it 2,
I n obje i.ent r, ] r ' re
of ten - PRl WG B AGE SIS Ad ropBREDRAE VAMIAL 0 RicnEe 2
i nterf ageguaaCcdlRitibh Wrtifkrtales @R Bfofvidl 4 %g&ffﬁlc RERSAGTTELED af ARGEAHEE Br AS
used herein, "nmethods" are nmeant to mean 10 software tfhat exhibits a

behayi otormieting?r LIRSl frir@sworks #0MTRB AR pilcSeriB@dtnMar cadbBse MOLL HanshePhskage
exposed to other interfaces. As further used herein, a "collection" or

"softwad2 col lection” is a software construct that provides an interface
that allows access to a group of data itens, whether raw data or ot her
sof t war e conjowbjets ofitntedrsoiftwaer franpearhinitg fuds,| methotlh endt propaties afoofien
provi ding access 15 to a group of objects is referred to herein as a

" col | ectatesred; fot asr dtaiwtes, Byt framewsrke d@npickagesdd2, mod inferfacestarompt Hmdtedl Itect i on
interface provides programmatic access to a single itemin the collection
such asoBygctaonyaied PASEIIRESheRTstracty A usqd Berein, Eethads” Bye wegniofo mepn her
exanple and not limtation, ,a cql)Jection interface lets "clients," as that
Cor f i SSQIRYFa? gfta&s@gbgts aPﬁ‘E?é’éOTc?FldoJPEﬂPﬁE’reg’ gleieant fp mgan ¥eabies@d sPBYMMEAMI ng
arts, di scovcgr (%har.a,[ct ristics, e.g. how 20 nany itens are in the
col | ect PRRPsed fopther ip ‘Hg‘f‘efy, e.g. a "Count" property. Throughout this

docunent, referenc diffet | nds. pf ~sof t ware. canponents 20 will use
the follow négname%és%:@}rlﬁ/rg goﬁ@iecﬁ%l%r fgﬂgfngnc\éﬁgﬁmlgbg? &P iar&.fgnstruct
ADDY Vi alat BbvioRl afl ihicPflco it AIBHS acds FRE SRR of di BIET FAGRe! Byt B THUS.
within thiS specification an entity, construct, or naned exanple such as
other software components 20. An interface that follows the standards for providing access
15  to a group of objects is referred to herein as a “collection interface.” By way of example and
not limitation, a collection interface provides programmatic access to a single item in the
collection such as by a particular method, e.g. an “Item()” method. By way of further
example and not limitation, a collection interface lets “clients,” as that term is understood by
those of ordinary skill in the software programming arts, discover characteristics, e.g. how
20  many items are in the collection, via a property, e.g. a “Count” property.

Throughout this document, references to different kinds of software components 20

will use the following naming conventions:

Table 1: Standard Abbreviations
Abbreviation Definition
GC Class
GP Package
1GC Interface to Class

Thus, within this specification an entity, construct, or named example such as
25 “GCxxx” implies that “GCxxx” may be implemented as a class as that term is understood by

those of ordinary skill in the software programming arts. An entity, construct, or named
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25 "GCCxxx" inplies that "GCxxx" may be inplenmented as a class as that term
is understood by those of ordinary skill in the software progranm ng arts.
An entitywoFAnggpuct, or named 7 SUBSTI TUTE SHEET (RULE )/ Y¥90R44648602
PCT/ US00/ 35465 exappl e such as "I Goxxx" inplies that "I GOxxx" is an

i nt er f aB¥2mRYC gueh a5 sl Gleophdmplies hat sIGrae s ap deterjcs ook elasy apaf famyisski | |
in the softwar rograpmng art.§.. An entity, construct, .or naned exanple
such as insRs oF e BECKRy o e awatdproRRgRS aripn A3 TS ORTELCL

nam ng conventions .are.neapgt,to,be j.llustrative .and e npot ant to he
linmiting: BSE Pt S%Chc%srrp%%“t %“‘EBG%@?{ b@g}f)ﬁ‘pllﬁ AeEaee - o TS forms
o fa 1ot ERichQGrd A o BE ikl and e ot SRR 1o 1AL S LoRAET"
programm ng -l anguages. 1n addition, Software conponents nmay conprise
propert b&ﬁp&{elnﬁt 34 bl tt%simdﬁér-éiﬁ in @tﬁéxeghgn sBRARPAAL ¥seb ARl ﬁ@tﬁdé‘ldof"“(%{és,a hame
having a trailing set of parentheses "()" is to be understood to be an

i nvocabkg, sBENDER oMBE! @RAtA PR6 SRR, jaﬁ%,gg%gg_ed with a name without a 10
trailing set of parentheses ™ (?" is %o e understood to be a variable or

ot her dat um pohdditioBoftwaye @mpnani |20 madcdifpridel gropatieNds atirias®. As @dedi nary
skill in the programm ng arts will understand that an object or software
conponehtreR) anaopelty' fralidatadawithaveame hetihgad traitag ket of paretakdes Oy is to be
"foo.add()" and a property "grex" accessible by "foo.grex" or in simlar
manner . undggstapd fo bean daichlyle uradlards twhetbaby propsty iskichted dvithn a tnameswitiovaae
progranming arts, two or nore 15 software conponents 20 may have

i den? i cEpIlpgsaheldasntheses “O7 isge dsamdrristood e be @ahiableqyrodhasdatima point. qBe  and
di stinct method or property. For exanple, .an interface "I GOne" may have a
pr oper t Yy 0of gampig, anch noh digxtatien, thoesTRp ordipyry skdbie the progomming ags willas

| GTwo. x. . Sim ly, .l .f000 i t ot .as,| Glwo. f L It.is .,
und\é\?s?%%er%t.m t%%‘r%’s‘éw%;’g F?%‘g ?ﬁ?:?g’@gg%im 261“2%8 e?qsﬁ’otmarﬁ VP%&%}}%@& o?{d%.f)he
R T T N R e
progranmig %llaoretrgaﬁigrﬁdéﬁ?o%'dl tﬁ%@%ﬁ(ﬁ#ﬁﬁqg {ﬂehs%ﬁWa?efjﬁ%granln ri\ﬁ%r}a&t‘s%\io c;rqnore
addition, nore rnfornmation o €se tunctrons and nam ng c€onventl ons, and

f S [=Yn i i+ e
vBON (ARl COTRRRERL 26 il RN O Bacibgty) RaBRRTEBIC I e BbGhledels

M cr 0sOfdprd3efis 3 imitfhel 08 WRREEhEOHod SPpRBERY. "FOYexaffpR, 84 GRerthde “ISONE? kG

understood that, as used herein, "software conponents,"” generally reférred
have a property “x” as may an interface “IGTwo,” but IGOne.x is not the same as IGTwo.x.

(@)

Similarly, IGOne.foo() is not the same as IGTwo.foo().
It is understood that these descriptive constructs are not limitations of the present
20  invention, the scope of which is as set forth in the claims, but are rather meant to help one of
ordinary skill in the sofiware programming arts more readily understand the present
invention. In addition, more information on these functions and naming conventions, and on
software components and COM objects in general, can be found in the MSDN (Microsoft
Developer's Network) Library (January 1999), published by Microsoft Press and incorporated
25  herein by reference.
It is further understood that, as used herein, “software components,” generally referred
to by the numeral “20,” include objects such as are used in object oriented programming, as
these terms are readily understood by those of ordinary skill in the software programming

arts, but are not limited to objects. Instead, software components 20 may further comprise
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to by the nunmeral "20," include objects such as are used in object oriented
programmng, as these terns are readily understood by those of ordinary
skill in HegipQfkware programming arts, but are not |im tRe/i@oRLisECt S-

I nstead, software conponents 20 may further conprise_ 8. SUBSTITUTE SHEET
(RULE 281y wyoeable sebvarpaiwtog runtimeslibranss, dynaseis iink lbsarissapietocakhandissy

runtime libraries, dynamc. lipk_ librarjes, protocol dl ers, [ em
servi ce8YStgp é%‘é’lqeﬁtfﬁ]"éﬁ Hrarics ihig PRy ﬁfgfﬂw elaEpen Tihireiesaind P %i‘&rqres,
and the |ike,. or. a{l% c?nbi nation thereof. A given N-tier application may
be desi GReEPHRIPAYCY WEBFi nciples, rules, and nethods 5 of the present

i nvention to,satj . . ISt f.a Ol I . As
used herei n,A gfg{%% |g%11{1i§p3rﬁ$‘e’§?0§“gl g?@?%%@éﬁé@%’gﬁ%f’%@c@g%wg%,ahﬁn eH)&éet ed,

and on- E)Pﬁiefﬂéﬁsgﬁﬂﬁ!eﬁtﬁﬁf fo%ﬁsfxgl,fé;ﬁﬁ%%:an@é%ég@%‘cﬁtgsfﬁlcg)@g@i\?‘enaiﬂgu%xgl. As used

limtation, A, just-in-ti I ke, “or any nmbi nat1 on

ther eof peh t AEIHCARIIT® iANRIAHRERES (O OHcRde t ERSKI RESpRAY andKidhlthé Myt he
software programmng arts. A "w zard" or other code devel opnent tool may

al so 10apsliddiesk, $heir Bs, Myl Wi of Bearkisld and @6 liRgkion, CCORB, §1&-iAGima\TAV A,
conponents 20 within the specifications of the particular N-tier

ar chi t eahdifte. lilkep br expo@heinatidiethetendrad thazy t@edsmirt uhbestoodde thies iofediniy
generate a software conponent 20 by selecting the tier 30 for the software
conponerkillZf thesbfeovae propgartunatg dartse AsOGfizeave?’ er othep opdendevRDpineni toot mraplalsance
with the interface standards designated for software conmponents 20 of that
par 19 cubarused avhigpallass e oedei daveloppr foc genenaie geftivaredcamppnenis| 2onwithidthgsi ng
the present invention nmay be _thus adapted for use in numerous industries

and conseseificatipgy obhamartecudaiiiisupichiteriirar (Hor exqmplanticavizandigay sermibticcal
L L et R R T SR
ot hodoF B TomEEutRy ! P uPH SERIAS Chat 'GraUmL e Eaicons

to b . h | ' ding U.S.
pat ent - Sa i<t e R BN RY BSnEEA, B BRARER G P00 ™

fungti onal i t y broks 4t .6l ' o OFEGA! invelisink ti
30 That per | S GaPP R st r aeg | Sen SRR LR i afoet o ¢

accor di gt MapttliePr Qg it REmSRIE Gh&GHACad EsHdiE - fol RxAnBIr bRy &hgr r ed

enbodi ment, each 25 tier 30 logically groups together software conponents
20 that finan@alar] 68 hédicffarts as well as geological industry arts.

Referring now generally to Fig. 1 through Fig. 21, an N-tier application of the present

invention is designed using an extensible N-tier architecture developed using a methodology

20 for specifying rules and methods that enable applications to be constructed. Such a

methodology has been proposed in co-pending U.S. patent application Serial No. 09/746,155.

Such applications have functionality broken down at the system level into logical

chunks or tiers 30 that perform a well-defined function, such as a business function,

according to rules for the selected architecture. In a currently preferred embodiment, each

25 tier 30 logically groups together sofiware components 20 that have a similar or
complementary type of behavior.

As discussed herein below, framework 40 specifies a basic design paradigm for a tier

30, including a base set of software components 20 and a set of standard interfaces for any
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conpl enentary type of behavior. As discussed herein bel ow, franmework 40
specifies a basic design paradigmfor a tier 30, including a base set of
software GyReRERts 20 and a set of standard interfaces fgic1a03%65
SUBSTI TUTE SHEET (RULE_26) WO 01 48%%2 PCT/ US%C;/ 35465 softwar g@rrponent
20 cat e§FVHELORPORENOAYi HiPEPHEZEhat Defoagngolo Mk hehotk s FaEMASEKs donfiyse a

plurality of packages 42.. The present invention uses predetermned rules to
al | ow nggy"%&fetavﬁf"@%gbmg?ﬁ%‘lgo to be created or purchased and then

possi bly add to an.inventor or .catal.Q 0 f._5 nents_fqr  future
Peuse | suba AR B TEh B e SlogRiadtes (Y Rk ¥ R ATRRTSMiEmbtg 20
devel oped; .1 r : eduel h I

rosour o0 o6 BT B Yol B BeSoibly pdil (o by Tar bBOBT 200 0F ot
20 are i : :war e use
R e S i
conponegteSdevBloged, ﬂmmemoc%qawgrtﬁﬁﬁ furthePyedleink MEOfiRRr Mt &esouiied nkbRdNot | er
10 application of the present invention such as by adding a predeterm ned

i nterfadevelep hbwtapplitatidnbe-Filthkf, so@maaesthp@rntse2afeeahailybleer Nsd¢ bgrany
architecture of the present invention. The present invention also uses

pr edet eothenedftwark esntponedt| 20nthat ginvese itd- inteeface,appndimgtafbthetshefeorpbrended,

for exanple by adding a newtier 30 to result in a new, N+1-tier

app! i caOfbthe-sheMycomponewds,e.g ampoimest sorRpontstse nwydet ingprpotatedintel dreNsitar
N-tier application 15 will be imediately reusable in the increnental

N+11¢ i eeprlisetion af therpraseart siveelien wichiashy addmgsmpredetimpined antenfaopdp yhatiofor

nodi ficatiogns. Each tier 30 defined and jnpl emented using the present

i nvent i 8-shsHcpmpaaent ga reajged by gre Ntiee prchidesture Rhthegwesepinentiponent s 20

associated with that tjer 30 st have. .,These .interfaces are thus._ .
Gt andar di zed THi BFTItovPion, A KECe) BiedsiPRmnebabifetd rIOvaP! SR oNTRty e 20

. foti d her. f .
componcAb@iagof ko B iR freSimple  Cukgls BERIREARIA PelEan Feh: Bt e
e | vl f he
Phe: knodSaabi? Ny SRekaf St Fab@a0 Y bied B R Rt R KRR B Berftp e
on 48 i el AGHRARRS) HiSthiDYn the incilinhdtil, NIGSEer! 3G S0 LURKCwi be

conponents 2 I'n“one enbodi ment, the present T'nvention uses
pr edet epdissd withlrEBtivly dfhb@odifidations.

Each tier 30 defined and implemented using the present invention specifies the types
of interfaces that software components 20 associated with that tier 30 must have. These
interfaces are thus standardized interfaces for that N-tier architecture that allow software

20 components 20 of a type of tier 30 to be accessed by other software components 20 in other
tiers 30. A software component designer using the present invention uses the rules for
building software components 20 with the knowledge of or ability to access other software
components 20, based on the interface specified by tier 30 for these types of software
components 20.

25 In one embodiment, the present invention uses predetermined rules to define and
create a particular N-tier application with a specified, initial number and type of tiers 30 and
with a specified interface architecture for each tier 30, where each initial tier 30 satisfies one
of a major portion of system functionality, such as business logic processing, data processing,

and the like.
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create a particular N-tier application with a specified, initial nunber and
type of tiers 30 and wth a specified interface architecture for each tier
30, where hgéppi tial tier 30 satisfies one of a major RRILIQEhssystem
functionality, such_as business |ogi¢ processing, data processing, and the
er

like. 10 suBaH trerd wilktend trdare 2aidpe so4 phimbaiacesepssing s s natye Pt |
the 'ty plie Bpes OF sl combOioR 2 s5ugroURtY iicisr Dnarlors criBen NEHEEommon
sof  war B0l E oG SRR P Este SVHERE o ot Bllbwc BT eofrlhri i P
Coobn TopdleRhd A6 RO B 1Bl SoBRIRONEP ) S RS hLIE,

second ace to alllow t War e conponen

timesby c@tﬂ@&ﬁk%is- %@E%B@é’lﬁf,_ dohrAidh ?é&ﬁ@hﬁ?ﬂg ce thMIol & b&twae %ingraféédgg%% the

present invention may utilize an async nous architecture p

perm t t bpeenRfibda An B ERkRr é8npsheafigage in  asynchronous communi cation
vi a asynchronous nessaging. |In other enbodinent, 10 synchronous or m xed
synchronous ahdnagythsdrheny s Kes&agiphigatiory oP eheppRSE@tinvdntiod @by fu€iliké ¥in
preferred enbodi nent, software conponent 20 interfaces are inplenented

usi ng Magynokwhbdus atdlifestnec iphtadiping periiiting t ©fiWaND@smpoRInto Y ad | exggagy shem
environnment. See, e.g., ESSENTI AL COM by Don Box, published by ADD SON
VEESLEY atyOeiBioiadls | dGmuidiog®nwiviid 4s8Bdhrdiuorise md3s@irdg. 6 3446-ofher Oainpodinsnf,t war e
conponent's 15 20 external interfaces are seen by the outside world. Common
i nt é9 acsynshranons oramired syneloross apd psypeloneipmessaging thay defpaesent. t at e

comuni cati on between software conpaonents 20 and reduce the need for

connecti ve s&FthafEremEy WweEKCESk tofRhodinas SAERE XompgRenfi 2l IHeIéALE e by

Tor o deSPEHeRR JeReR oS COND sasedssnen o PNERES S SRRbibe 8 etner
ft 20. Ptowill b t

or di nar SR ERTRIRE 1500 By TS PArGC oM by HonB o pERfiRes By Arhinei SEg-EYy e

o o LB TRIRE K ML RORS e O Bon e Wil

SCLAR! SobBtcmabtdtadl afdBet bl fho QltsiBENoPAMEAhOR hibBEk P landRCHIER! | ¥

contenplated, sone tiers y exist that are not true tiers t hey
ActiveX, may be used to facilitate communication between software components 20 and

reduce the need for connective software between software components 20. Services provided

by software components 20 may then be networked together to support one or more desired

processes. These services can be reused and shared by other software components 20.

20  However, it will be apparent to those of ordinary skill in the programming arts that software

components 20 may be constructed using numerous other environmental paradigms, by way

of example and not limitation including those required by LINUX, SUN (R) SOLARIS (R),
Unix, or the like, or any combination thereof.

As currently contemplated, some tiers 30 may exist that are not true tiers 30, i.e. they

25 do not exist to provide additional behavior to software components 20. These tiers 30, such

as Wizard, Testing, or Template tiers 30, shown generally in Fig. 1 as tier 600, may be

present to provide additional auxiliary functionality. By way of example and not limitation,

Wizard tier 30 may exist to provide a set of interactive help utilities that assists developers in

quickly creating standard present invention components. Testing tier 30 may be present to
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25 do not exist to provide additional behavior to software conponents 20.
These tiers 30, such as Wzard, Testing, or Tenplate tiers 30, shown

general | ywigvifaggp2z 1 as tier 600, may be present to provi detakdibsesal

L I AP IS A P 0
Testi nocls Sredatin o5 BRI R RS ARl e PG REATR G o

01/ 48608018@541&150&5@?4%%&%{%”%% oftHid VI §n C‘P%E&lgl'a‘t’e”ttér 28 gt RyeE! 88+

sof tware conponents 20 or packages 42 from functional ti'ers 30, record
test regdplemehidtion | F0perdiR@ndOt éddciitiie ln@eisratefs Fhe staf8drd presEdk Ghi@ition
status. Software conponents 20 in Tenplate tier 30 may provide C++

i npl eneséfavirerombof@isi stence, collections, and iterators for standard
present invention 5 software conponents. Referring nowto Fig. 2, a

pi ct ogr aphi c Refaories aow dd Fig 20H pictsgrbphiarepréseatatioy pf 8 abftwareefactonnpafvemes 20,
whet her purchased or created, nmay be placed into inventory 700 for future
use usi ngmbétenty 30, ovhetlzr puodiasey procaied anay be blagéd who diveatary f78Gifb1 frtureo

t hose of ordinary skill in the progranm _n% arts. Software conponent 20

i nt er f atessusinglibyenmernetulomses pigresscss skl ohahichige Bonpanerthoseeiprdivary skidl int y
limted to the characteristics and behavi or unique to the software

conpone HISPTORANINIEE Btse npOltrie GomPRBFYMG Biteriaces grcostapdardiggd yith goftwang

oL e EoRBBlaRe A o RN i M bl e e APD P RB Bt e
Chat i EopRehdal B feskl ohi il it B Bresl B aRfnish ot P aRETeE PREMERS® 40
o s BB B8 e B 1N SRR ARISIAP, 0565 SR hol ot JEP R, nen

pur chas 0ossSI bly ad entory A new applicati
be creatggl; t ck: g0 _ . ; e
compononiEi et ) eRine T R 780 a e daaFY R Tk

conponegs w8 BipbHéts Db Mt 1R AR aﬁpaicuﬁ&m%uﬁ%kﬁﬁa@}s@aﬁ req@iteibprsfthat, and
maki ng software reuse a practical reality. 20 Referring nowto Fig. 5, a

|'i f @5 cyabendh |exivE Rarstockt Sisftviati® $BRIpoheEND | 28 cBeabdRll MDA | R@Yiblyaplreied and
application devel opnent to drive changes to the present invention's

ar chi t epbssitdy addadgto iavardryofOOl | A aewyapblcatiohasay Bign \ba\creitede kb fipinetharstbekot
limtation, rules that define that software architecture are either
desi gnedofiwae, cosmlopette R0f amhthe pive saftwaiengpnsmments 2041 dbe applicatipn may be
created by combining software components 20 at run- time to form new unique applications
on-the-fly, and making software reuse a practical reality.
20 Referring now to Fig. 5, a life cycle flowchart, the present invention’s methodology
allows application development to drive changes to the present invention’s architecture using
a set of life cycle rules. By way of examplé and not limitation, rules that define that software
architecture are either designed anew, selected from a preexisting set of rules, or any
combination thereof. Thus, a software application designed using the present invention’s
25  method generates software components 20, tiers 30, and applications by using software
component rules 210, tier rules 310, and assembly rules 410 for an initial design 50. The
initial design may have a predetermined number of initial tiers 30.

The system implemented is put into production 52 and periodically reviewed for

adjustments that may be necessary 54. If any tier 30 is determined to be in need of
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conmbi nation thereof. Thus, a software application designed using the
present invention's 25 nmethod generates software conponents 20, tiers 30,

and appl i Gafj198g20y using software conponent rules 210, tlicq?Ugo%%sialo
and assenbly rulﬁﬁes 410 for an_initial, des@%gd%g The . jnitial design, may

have a 5@@8@2@& ﬁteﬁﬁnrhfrnvsngei of i prvgge p ﬁﬁﬁé‘dg%ﬁleﬁ?ﬂ?lmeéﬁ%?ﬂséd is
52 t t

P et B0PnSY KT cRmpOen 76 5% %iﬁgci lﬁéi arﬁgcgm?t)ﬁ%fﬁa%?n Sagtd'8s, ™

SUBSTI TUTE SHEET, P 5465 1 1 ,

can be ?%n%fvae%‘%lﬁ% rpgiehe Rist 10 A Bs Baded TR A A Bk R Ak Sen ¢

new, M@E onents 20 are created, existing software conponents 20
m)dl fi edé]glgrte tgdgcgér{p'a conbi nation thereof. Tiers 30 may be added,

modi i ed, or R@?érﬁﬁ%ﬁo@qo 4g. 6(if)l%'c@%tlis‘PBf 1ek gﬂi:ﬁs hOABR K MHdo@Gre codfsuRhisl N9

now to Fi g. 6, onc |1 st~ of required 31 and software conmponents
20 is dep ey adte@endd70, SOHWARY ®nyRMRRR O0Pe RIZiAANS gr&ied ab! %ﬁét@ﬂﬁ%ﬁu&?ﬂ A
deternmination 74, 76 is then nade to deternineif any of the needed

sof t war g6 ¢ teanafiesio bt minafangxf she héeded ByRRiRImpdLdenty20 ey pdsisinbI e,
sof tware conponents 20 are reused 78 frominventory 700. Software
conponentven@dy 7Hdt Whermeotr Hossibld) softwareestimpumeints t28care reused y7 8bfeomaatentatyur ed
to 10 ensure conformance while retaining the original intent of the

requi r effe®it Sofiwdict donminests 20vthatelocwotprtbe terr@0 ardiytetfurecmesnbe destmctpradctoas ed
80 as needed after review of specifications and current inventory 700.

Usi Ag t Bestse exndersiaricn wdile ietaivingthe adginglintent ofdlie resuirementor esent i nventi on,
sof tware corrponents 20 are desi gned and i npl enment ed as needed for a_given

functi onal i t y\ddgipuglgotiyare cempongnty 20 Ak h?o‘ire‘fth‘rPTE archpsed RPsasresdeds gfistnar e

conponents 20 maélﬁbe defi ed and ”;gq{yg‘é@t ed where each business software
cormponefV1PHOERE ’§6‘i1‘?ﬁsé§ CHJFrﬁli‘tr’r’éY‘? ut a real-world object or

P ey 2 Dtk Be BreseterBiti 3Ry o oot SEMERAL AP s strrent Ry idet su@epeen

cncapsuPSERoR RS ARE a- SNSRI MR AT S @MQB@@”E?% ¥ not
L' my§ at goRnoidak SRkt MRieHGL THAMGRE S yco% Aefts 6T ARG %@ﬂn d and
Fibop S i3 of a

i mpl ement as a software cdnrponent serves the state

busi nes smpReRH Svhesd emmineg@s&ﬁ%elcbﬁpena@tza MRt lﬁﬂﬁmmaem war e
conponent™ 20 to be accessed and

real-world object or process, such as a well, a geological feature under the earth (e.g. a fault),

a logging truck or tool, or information about a job that has been run. Visual software
components 20 may be defined and implemented to encapsulate presentation information. By

20  way of further example and not limitation, data software components 20 may also be defined
and implemented as a software component 20 that preserves the state of a business software
component 20 and allows data within a business software component 20 to be accessed and
used. For example, a data software component 20 may extract data from a given business
software component 20 and store it in a database.

25 After new or modified software components 20 successfully pass a testing and
validation phase, new or modified software components 20 are assessed for suitability 82 to
become part of inventory 700. Software components 20 that have potential for reuse are
added 88 to inventory 700. These new or modified software components 20 may thus be

integrated into a current architecture, expanding the current architecture, i.e., adding 86 one
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used. For exanple, a data software conmponent 20 may extract data froma
gi ven business software conponent 20 and store it in a database. 25 After

new or nogid j18dss0f t war e conponents 20 successfully pass gd8sdohIeaNd
val i dati on phase, new or nodified sof gf\yt/are GQ oneglth 20 are assessed for

sui t abi PT 018 2tiery 30gc#senmadaicothemny dht F5n1ien Vissdia wiske TERIFBERERLY %o
mal 1 cHeRGRY JaPSeeon oniBriLe coPRa CHULTBEn® Rt S EA B VP & PBTERE
Sus TonEbEeElS BAR 8816t 5 s Rkt s piRIR Hp 205, 1
ot er 1 ad g o8 icBle HEIE Bl Sk Roty e b DI SRRy LBl tp PRI €
soft%(vgr Bthef UIRARE BomBOhdntcp, any other tier, making tier 30 relationships of

litt I mpor t ance. wever, in practice it is likely that certain software
conponents 20\ sWihdtraRid i8HiE. 1, cBéh sy irfBhticH’ §itierd 0SS ind@fa¥fif one or
conponents 20. As illustrated in Fig. 1, each of present invention's tiers

30 may nivreotheCfervB0 siBp @n driterfARrRedhbie dk if@iifer dBscribed anditlaintdddictcig.eBy
mechani sm as further described and clainmed herein. By way of exanple and
not | i mwtagtdf@Rample andence tidtitiornin wk dribtedpnes efthd presoit iorentidlh ehe peeseantt

i nvention's design nmethodol ogy specifies a predeterm ned, initial nunber of
tiers 3Mmvedtiodspdsignnmelasiolagye spetifls. a Basdettinened] 0iddiad ofumker eolc digpsoRent s
20 may then be used to create software conponents 20 and other tiers 30,
by way eémpsisingBasetigr A600.| Beise et 600G sefvarg sommpenenis B maethepdwouseBuisi ness
bj ect tier 3Q00, Real-Tine Device tier 4000, Data tier 5000, .Processing
tier 60OtFate\sosware qaugnonepig@0 and pihcs tigrsii0p by 3Gy ! cxstraplsaad nefli@itationsuchooo,

oS giua% 3&%&2&?%3@5& #sere Pblsccnet 30t eai oe ﬁg‘vﬁcfg#%%@?%ﬁ%% U by
i?‘?y Féig‘???@rﬁff%‘%naﬁf% RO B R GO chrhader et s, HRURE kﬁ%is Ahobth 5 &
scr)rF t war e% fg%%}%g{r%{aﬁ:?@dz %%I?éjr;[i?ljaﬁ@ro ggﬁér?%tﬁﬁil a Bi |ﬁ85§?ag18&§%% (%régo ‘her

f . ; | LY .
ég Cg?‘?;g)}ﬁ%%%%ﬂé@%ﬁ% b ArARd, Qichgars r]‘?g![ géoff%gam dtrof lim}305h PRWR &S

I ch provides r collecting

30.

Referring now to Fig. 7, Base tier 1000 may be present to provide initial, basic
mechanisms for implementing an application. In a preferred embodiment, Base tier 1000
software components 20 form tailorable, initial building blocks for other software

20  components 20 and other tiers 30.

Base tier 1000 comprises GPCollection 1100, which provides a method for collecting
software components 20; GPBase 1200, which contains several software components which
are normally aggregated into other software components 20; GPConnection 1300, which
provides methods for connecting software components 20 as sources or sinks of information,

25  where source and sink have the meanings as described herein below; GPEventHandler 1400,
which provides the message-based, asynchronous behavior, and GPDevice 1500, which
provides methods for controlling devices.

GPCollection 1100 allows accessing a group of data items, e.g. a set of oil well data

curves. In a preferred embodiment, GPCollection 1100 comprises methods that enable access

14

SUBSTITUTE SHEET (RULE 26)



sof tware conponents 20; GPBase 1200, which contains several software
conponents which are nornmally aggregated into other software conponents
20; GPConyefd1i495)21300, which provides nethods for connectgcigu&ahiNgr e
conponents 20 as sources or sinks . of informati.on,

25 re_source d sink
have t hE® AhARHYDaRce Ak daftsd e i rn IRleaRniabeRPE & calectigngnteriges oh
provi des e sage- based synchr.onpous hehavi of ; d Devi ce 1500, ,whi ch
D ovi de eI URS g o R o] A gou e Hebeiam iop B fo Y cambsRgns 20
accessi ng_a.far of d it . Q. f ol In a
o of or r 0t GBS Ren: , st S wibodin 0 ShuBbhenl ol 4P bR R R
access T HEET d
i nt endings SO e b o Tk Bxhiel Y el O eI SR RS P ok 3%

i nt es f aggionnidie o d PRAEISHSInEA RhidoryEhalidfiPRTic 9 28tirt QhidEnddt X021 TRB

t hrough software cohponents 20 TIn”a collection. GPBase 1200 supports

sof t war gategiip @RABsteritf: fropdrtyPay WHEW é%ﬁhig&ﬁtsettﬁltghﬁﬁcrﬁﬁfvé\&ﬁfoﬁnmﬂhs 20,
for exanple, to get or set the tinme and date as well "as 5 assignnment of a
pr edet esdftwigd competat R0chalidiigahe sdglisterbd nambaf (CSTD) 60 sgfones compPonehbeo
category characteristic property may allow getting or setting descriptive

i nf or matmda “‘Gyeuthasactesiitvaf e sofiwprenembpdent 20 ethedd typetdheractegstsdsemey baunber
(CLSID) of software conponent 20 and a "type characteristic" of a software
conponediffeent fpediéfetopp softhare zompenetts 26 andiywhbrs typé thasaateristice aredirbdafinedt

sof tware conponents 20 and where type characteristics are predefined 10 or
pr odf anfapiogtanyativally detined-dior examplee’ businass” seBwarecompraes eo apghidiare a2o

m ght have a,  type of éi:'grv "oor "well, " and "dat a"  software conponents 20
mi ght hiXpe of “eyiye” o “welly gad “dafp” sqiiyarereenaponentspthghl thagn 2 TSPl SHPIE ses
one or nore interfaces to enable sending and receiving events or

i nf or maf¥ B ot her sof tware conponent 20. In the preferred embodi nent,

desi 2 i on interface | :
Cof tvare_ compbaRTeesoangy crieles B EEHRpRANEETe il eiEre e e,

ot o 1 aCugRBONMm Al 6 Shofyy SERA ononbi N0, BESHE plcRrPAidaiib e
bet ween gag; {2 HRp E%grggge ANAnARRbh 6Bl Mtetitle! thioChyt Qe EHSpédcareyaLdt 40.

GPEvent Handl er 140 onprises 20 interfaces that 'support event processing,
i ncl udi ReedR Y& BdmikABEtk bP thiSRiatiof &5 akRR@RbAwafe component 20, e.g. a message, or that

needs to support sink interfaces.
GPEventHandler 1400 executes previously registered callbacks between a framework
40 and applications built on top of the framework 40. GPEventHandler 1400 comprises
20 interfaces that support event processing, including event-handling services capable of
handling synchronous or asynchronous events, thread pool services to manipulate and
maintain a pre-set number of threads; and methods to provide callback processing on an event
and to track which callbacks are registered to handle which message types.
GPDevice 1500 allows communication with hardware devices. GPDevice 1500
25  comprises interfaces to provide for communication to and from hardware devices as well as
interfaces to let an event handler send information or events back to a device.
Referring now to Fig. 9, in a preferred embodiment, Business Object tier 3000
specifies base interfaces used to create business software components 20. In the preferred

embodiment, business software components 20 provide storage for and access to information,
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handl i ng synchronous or asynchronous events, thread pool services to
mani pul ate and maintain a pre-set nunber of threads; and nethods to

provi de cg,ld@%&)zprocessi ng on an event and to track whi glee@dohRagks are
regi stered tqQ handl e which msssa%ge tytpes. GPDevi ce 1500 al | ows
V)

conmuni B4aPEHatRE the atiiies @nd aug EPERPIIER bsipess ontity, sueh pE 83Vslhle®f aces
to provide for, conmuni cation to and from hardware devices as well as
i nterfat@So%8TPet an event handl er send information or events back to a

device. Referring.nowto Eig. 9 in aeferred enhodi .Business | ect
Crer 5000 opebr A tste e Mt AL Gof Efell L ERR bua RS Sk
conpone referr odi : i twar 0 nts
20 proviua Seb, o8, BASnRL yheRrarii Riibhy biSheRbR 305, M Bre” SRer
(RULE 26 Y001/ / faSTBRBSHAAE! Mhste RS0

met hgdsg)g aog%rﬁrhgﬁl?%tfgﬁi-gg@%talﬁ%%guéh as a we Ianl 0g, senscl)l?l?o or bed.
Thus, a20ushiBSHasPhiMEEs SATRRIBAS uddd 1BitcEBRAE ARt BaktaiOitE 288iBibAAS S
data, such as a well, log, gamma ray neasurenent, resistivity neasurenent,
j ob, rusehav@ss, sensor, 5 STAR tool, fracture, fault, bed, bedding
surface, or borehole. Business software conponents 20 contain many

attri but es aRdtirethads tusestel all degessblchesodatiandof busorbsdaftward tdmeponents

addi tional behavior. Rather than try to nodel all the possible

associ a2 @nd cofatda statie dmsinodfst sedivare ompporent 810dgi03 lana the pefered entadinent

busi ness software conponent nodel 31, in the preferred enbodi nent 10
busilfies busingss gaitware cepwosents 20 baves gergrajiend eellachien inderface arsedbie qolleetrgthere

used to_call ect other business software conponents 20. Valid types of

busi nes §usipgss waiwaesopmeasts 200 Makiditypes pf bysingss| ofpaegicypqusats 2Bt e d
bust hesbC SONEHIEN &7 CORBTRE! SO0 PP RS RUITEES: SBRD06. 20r s 1o
Gor | ni ngeERE 518 T SHbRrp somprr Lt 3t BeResr KRR B ok e e
Aot al T sPRyBIe RhGTE 408, b TN Whlstily 3 MM AIRAN R ]

modgh Ak DL BRBSIRCEYSelakBidth Rk RS SR GL Emrﬁﬁ}gcn%@%@eﬁt%ﬁw%% as

"bl ack- a contalners, software ‘conponents 20 ca
addi ti ogghpheAgvior to

By building meaningful associations of business software components 20, software

components 20 model real-world business needs. Using business software components 20 as
“black-box” data containers, software components 20 can implement additional behavior to
20  visually render, analyze, or modify model 31.

Referring now to Fig. 10, composition software components, some business software
components 20 may be “compositions,” business software components 20 that have attributes
that are other business software components 20. In the case of compositions, a composite
business software component 20 is static — the relationship between business software

25 component 20 and the attribute software component 20 is not an association enforced by
business rules. Compositions may be used when there is a “whole-to-part” relationship
between software components 20; by way of example and not limitation, in an exemplary
embodiment for an oil well, composite business software component 20 GCBed 3010

comprises a top GCBeddingSurface 3011 and bottom GCBeddingSurface 3012. These
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20 visually render, analyze, or nodify nodel 31. Referring nowto Fig. 10,
corrpositi on software conponents, sone business software conponents 20 may

be "conpowid 186" busi ness softvvare conponents 20 that ha¢a@dobnsdesit es

composi PIGIE o8 AP rE s ke ST AL T o ohBhalfo 38 Y Geger %% ne
rel ati opsp, gk ‘@@9%%%@&%118&“&1&\@ YB3 e TROBEN S0 AP A B

sof twar e conponen not an assocl atl on e orce ness ru

Conposi §d st WadhpBiert P00 rRE i istnd ﬁ;vcﬁattﬂm{%éseﬁ(%é?ﬁf Suff%eéta‘o‘?'i‘sﬁhi%h

bet ween software corrponents 20; by way of exanple and Tmtation, in an

exenpl agy themBEIdesTBiMindsarsodtiyatd koMﬁ&ﬂentsCWDQ\‘lbﬁlﬁd@%dyn%ﬁ 15e0pioVRIe® on a
conmponent 20 GCBed 3010 conprises a top GCBeddi ngSurface 3011 and bottom

CCBesldi bakhudsh asfewa@ tdmpdhas 20 td Gecsbdihd bl bsiteliubihedsRotvaridoni¥onets 26602

PCT/ USO0/ 35465 surface software conponents 20 are a critical part of GCBed
3010 i n t hat Coaipesits3bidness anftobreacanpaicats\2(barededt | anextedvnthian wt ndvh dosiness
Therefore, GCBed 3010 is a conposite business software conponent 20

f ur t her sefomge icsinpgnent@Ods createdt Bes theGBertdhe gSporisiubly S0the sysitrclesigagrdo

t hensel ves busi ness software conponents 20. Methods may then be provided on
as buspwet@sanwﬂlﬁmawog@mmmor@ms@@ theiccomprise eachorppinestie binikgsp sefgware
sof t ware conmponents 20. nposi te busi.ness software conponents 20 are not
creat edcqmweat aevané@qt ﬁ@% mf@othﬁ WaP@OBEERIfEHE comppRerg %at by they prefegred
therefore. t r esponsj b|||ty f the system_desi ner to. create, busi ness
Sof thr ERBORTSHE TS SeGie CHTEREH® COrb PtV EPRes Sosisramaioes

20.and 20. In th
or o1 or r BOAGH G BERRSRRE Y TR DA saalfferﬁ%ffcé REMBIN & 20 are et e,
f
e G T R
3000 SOELualGleC ABRANE bsiflsE s@ﬁ%‘cul ea%ﬁﬂélw (%R/PH?%B%\%g‘ng?sz%éﬁfth"ar €

conponents 20 are COM conponents ave no new

attri buhfse A0dcPaluRNdies, N atfiRiléd ¥nd BeleddR bahOreadlB) ’Bé‘%ﬁ&&ﬁﬁ) bRe %ﬁ&h&@r e
conponent 20 or  to all "business software conmponents 20 with little or

nodif i cadfiwadiet Congpdnehi 120 60d6. all Husinpisetefiwad estgsicARNR0 Bl 1EtﬁSSoxClabect
tier 3000 conprises: GPModel 3100, allow ng collection of a group of
r el at ednlod#icades teafistimredeonponents 20 into a real -world
In a preferred embodiment, Business Object tier 3000 comprises: GPModel 3100,
allowing collection of a group of related business software components 20 into a real-world
business entity called a model; and GPBLOB 3200, allowing storage of large amounts of
20  binary data in a business software component 20.
GPModel 3100 comprises a set of interfaces that business software components 20
aggregate to achieve specific functionality.
GPBLOB 3200 provides interfaces that supply information about large amounts of
binary data stored in business software components 20. These interfaces are optional and
25  used only when the number of instances of a business software component 20 is very large.
For example, a group of logging measurements could be collected into a GPBLOB 3200

describing a section of a well log. As is well understood by those of ordinary skill in the

programming arts, “BLOB” is an acronym for binary large object.
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busi ness entity called a nodel; and GPBLOB 3200, allow ng storage of |arge
anopunts of 20 binary data in a business software conponent 20. GPModel

3100 compyicshmséset of interfaces that business softmrewﬁg%§ 20
aggregate to afﬁoi_eve specific functionality. GPBLOB 3200 provides

interfaces t R&terdnppey tp digrHaReanlmpolevica et Wioiipparto somppigaiion with
stored in, business.software conponents 20. These interfaces are opt|onal
and’ 25e0iL B GIURE fOF R SHORBB egtee; Pt BoTop WWBtib faoe g Daslos
conmponent 20 is very,l . For. exanpl [ QUP_O 0ggi n urenment s
courd bemfitet 8p ik, JtEF TRl 0sH3TBr g0l sPrBt s R PSR I B HERFR og.
As is . : ' ot : ' res,
5oy "FehaBREEhARGNN IR Han i) BRtetecp W oS B RO, -
26) Jakd hNn | | T vi ce
ti e_ry\gl)o%ﬂéﬁgggcr t's %[%@nrgrgfﬁf\‘? %gfb:é on Bgérf{%?g’ngm@\%ﬁrﬁ ﬁﬁégﬁg t ﬂ]oépr g@% am%-ﬂéla -{B?rre
devi ce, aBeiing@ustr 9 FedsteP Ml ahR dePRE Wi dnBler fAl-Bme@RVRYL €F ONn a truck.
Real - Time Device tier 4000 conprises GPReal Tinme 4100 to support standard
conmmuni cat i oRefentinge e thaigll 1219Dhtat £&f SOS pidvades addtD Weridd@e CRriees for
communi cate 5 with other connected software conponents 20, including

i nt er f abesindse spfteaiedeonmminenid 20f oDataatidradiO0lso proeidet actesgits data. aDataaiert i ne
device with another real-tinme device. Referring nowto Fig. 12, Data tier
5000 pr 600tesnpiaes @RPabist Eidethabletsi dagrsbd writtel tsaniessd §ofit avdate scwopa@nént s
20. Data tier 5000 al so provides access to data. Data tier 5000 conprises:
GPPéP si SPDstadwcesstd00] thetpravites aneesart spasifia typesmf datsad from a data source,
and 10 GPDat aAccess 5200, t hat érovi des access to specific types of data.
In a pref er r By2dnpfgardentbodipnt: GRPadscess FB00 sepitisess : Clipwtalamst 7810052100,

t hat prqvi des .Qusiness software conpone 20 persistence for a specific
dat a f oMihtProv: PSIBESS, SUEVaTe RAPAERly %opeﬁf} (RS %‘?rt ﬁ/a?@c’é{?nftﬁtﬁe agQ

i b e R s Sl e
20 1s T 8kA!BVAA LUATMA, SBPARIVARG STERR! ALO SR80 s HBCHal Lkl Ve

har dwar vice (e.g an ape) i nput/outpu

GPUpi t's Lar 'Ol ; VRLS rQp;

System FAOHEROR IR liRRatis FORBIRREND Paa VTR R 1y
and namgd GNYSUvRN Shardware device (e.g. disk and tape) input/output (“I/0”) access;

GPUnitsConverter() 52500, used for data conversion from one measurement system to
another; and GPDataDictionary 52600, that provides data identity and naming conventions
for information retrieved from a data file. It is important to note that, as exemplified by

20  GPDataAccess 5200, a feature of the present invention’s architecture allows a package such
as GPDataAccess 5200 to comprise other packages such as GPDataFormat 52110.

In a preferred embodiment, GPWindowedIO 52300 specifies the requirements for
information a software component 20 is retrieving from a data service. GPWindowedIO
52300 comprises IGCWindowedlO 52310 that specifies the requirements for information a

25  software component 20 is retrieving from a data service. In a currently preferred
embodiment, IGCWindowedIO 52310 comprises: OffsetFromCurrent 52311, this windowed
I/O interval’s offset from the main set’s current working level data, if any; TopOffset 52312,
the interval’s top offset in levels from its current working level; BottomOffset 52313, the

interval’s bottom offset in levels from its current working level; Increment 52314, the level
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for information retrieved froma data file. It is inportant to note that,
as exenplified by 20 GPDat aAccess 5200, a feature of the present

i nventi onyg @lshit ecture allows a package such as GPDat awog%g to
conpri se of her packages such as GPDat aFormat 52110.

enbodi nﬁ?ﬁ‘f’lﬂg@W“WH‘d @V@?W@lp&mp&ﬂ@ﬁé%bwm%%m@ aPBﬁms tp ﬂPP’éfPﬂ%t i on
ft t. 20 GQPW dl O
g e S

information

] 20
I a cubrBRes B SR PR e AUBR R ey Slorih s S Ra R el S

O PRI P Y 5, MO V18 a%‘@%@%%é S BT

top of f 3@h; hffb 'eﬁ%?d %hef B Bel v G E&:‘i’éqt‘%’(%xﬁd%glebé’lv% vt 2REHSHite [n5eﬁ %31

the interv ottomofrfset in leve its’cdrrent wo i ng

| nCr ermeiitra R thé BeghiRlend 18 HURRH HUBReSHERTLLR MR 26hai b0 $h9A0 08,

PCT/ US00/ 35465 spacing to return in the given interval; ResanpleType
52315, gipaacd 045 HipReaRCALQBSType SD8TY, elTtithiesmdan] evelusmarieesof data sets
does not match; TopBoundType 52316, indicates what happens to the data
above the culr sptefmdl@nﬂg)dhrﬁml GPPagIO\WR400 specifics énterfhoes ¥l lowslevélelemiced of f
t he begi nning/end of the data or over a NULL val ue; BottonmBoundType 52317 ,
i ndi cat ésg.5dishand kppp¥sadeess) b UniatsGorbeltems2306 comprisert immrfacengsedeoetatae. g.
when a curve interval is iterated off the beginning/end of the data or
oveld0 a peuversian feom Deea TYgRsuSRRLE systam o cangthesd andt GPDpppdictiondrync?é88 Ty pe
52319, e.g. .either random or sequential access. |In a preferred enbodi nent,
GPDat al @IBEZR?@ fgrdagosi e%cmﬁfé}enﬁctéét wevide siata lé@a;tpw@d.r@@mg gogyentionssfor angd’

tape) I/ eSS sConv er 52500 conprises interfaces used for data
10 conv PFW%‘&%‘ &éﬁ;’e‘i{‘ﬂﬁnt systemto another, and GPDatabDi ctionary

f h i d d d
ﬁi%"ﬂgcﬁgﬁveﬁem@é%éwatceﬁgb?%aﬁq‘%@%??”éﬁﬁg%e o e T ki g
6000
zg\(,avdt '? o] avlééel%n a%’gﬁétgrfg%’e ? 8{1%1& Bé%ﬁg%gégé ﬁ%ﬁggqueb& %é)cfo)%g&f{ a s%&%eed to

be @bl €8s %1&9&%&%‘%6 ?ér?ten?soi h%gﬁ%%%ég@%&gﬁ%%@?%?ﬁﬁe

sof t war e conmponent Interfaces. Processing tier

i nst ant pajcb@hgaid GoR0ITridey for 1Y Re@asatfonOMd(QhtrBr %@ﬁ%ces@@&b or rB@és@d' ng
al gorithm c processing. Algorithm c processing follows patterns defined

model), including algorithmic processing. Algorithmic processing follows patterns defined

by GPProcessingObject 6200 with required interfaces.
Referring now to Fig. 14, Visual tier 7000 provides display of and user interaction
20  with information. In a preferred embodiment, Visual tier 7000 architecture is based on a
Model- View-Controller design pattern. A Visual tier 7000 visual software component 20
comprises visual model 7001 (identified by IGCViewModel 7210), view 7002 (typically a
full ActiveX control which exposes IGCView 7110 and IGCBaseView 7120), and controller
7003 (identified by IGCViewController 7310). Visual model 7001, view 7002, and
25  controller 7003 are connected using messaging such as from GPConnection 1300,
GPMessage 2100, and GPEventHandler 1400, and each can have one or more message
handlers attached to provide additional behavior. Additionally, visual software components

20 have a connection sink.
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by GPProcessi nglbj ect 6200 with required interfaces. Referring nowto Fig.
14, Visual tier 7000 provides display of and user interaction 20 with
i nformati @y o1l@e@ Preferred enbodi ment, Visual tier 7000 giGhidogSsisEe 1S

based - Vi trall i gn_pattern. A Y 7000
oo *Nof t nlke BT oRL i B 1508 MadstwiBuat oy ChBICH: esn Prdempy
| GCVi ewibdel. 7210 i 7002 (t i | | Act | 1 | i
o oo Captireh o Togleak il Eamnbiaiit SRuatbaduet 2, it VAT ol Sobpner b6

i denti £i. I t | 7 .- Vi ] | 1 i 7002 d
S oot VaffiLiRbabciod el Bl Sy oitarohoBle, TREE 7009 Btecalls HnffitGaatC

1300, %’@% dF Q%Eﬁﬁ% it,%qseﬁ?ﬁ%W@gig}lélgg ngél %eﬁ@ﬁé&h%ﬁ& DN s B OT

nore nessage ers’ attac O provi ditiona avil or.

Addi§io Yinte¥ IgeHiab- %&Ma\e@fﬁ GRMPORANLR MY H@Y@ 56’atf%ﬁ{‘ Reedel 8 A Phoserk®
SUBSTI TUTE SHEET ( RULE 26) V\Op01/ 48602 PCT/ US00/ 35465 Referring nowto

Fi 9. 15inviehgordVlisteVisdaP WeCamdo aoki®iare( E&ﬂa{g)'r)ent?éeéd) OGP akt 1BE NvieRsar 1S 8&itdrélr ee
| ogi cal sub-conponents: visual nodel 7001, view 7002, and controller 7003.

Vi sual @edeahlly,G0dlew 02 mnst BabRociard edthidivighdlanadel 700l so thit e vii@Pmpdelsent s
vi sual nodel 7001, or a portion of it, to users. Controller 7003 handl es
user i nf@dlacan wotify the hieas7002ythhtr ib hesisZo aipdatp atsalf.e rViskeal momiel Gedlemastelhve

i nputs. The basic MVC designh pattern is used by the present invention for
Vi sual séree squo 0fregistation sechaniom fortdewD7@A2cte uss to vguestdhenpsdaty nejibies,cnd.
General ly, a view 7002 nust be associated with a visual nodel 7001 so that
t he 1¢i sdiew TRSanust have arcundaieonpehgnispeloy visyal 7ooie] 76k tojuseneeds t o updat e

itself. Visual nodel 7001 myst haye . spome sort_of registration mechani sm
dov

for views 7002VieW 1992 wil] alsaigaastociated Wih acantiolisr 7083.” Hser intemaciioryinttsdy nust
h d hani f i I del t .. A Vi 7002 wi ||
oieo bocHER by B ton kol Ruroons: TAR P nargeliot, ConipldEattos

captured by vi.ew .7002, | rvwarded to gontroller . 700 Qr_.i nterpretatd on.
Cont ot sPnoBEYvifiidmaods? 7ot LPRE e bR Aiph Hhar SRONg bR ke S SR RIS
action Eﬁ%teﬁi}ﬁ%d be taken as a result of the interaction. 15 Referring
now to Hg. , Business Rules tier 9000 is used to facilitate use of

pushfiess I URRRmiMbhSW (8, 19 BhdhRORuRR diek G0GPis e B BLIM AN HAGheds! 1 S
valid for one busihess software conponent 20 to have another business
sof t war g,160 "PRIBE Hre 28nditidas ah@ thdtS to determine whether it is valid for one business
software component 20 to have another business software component 20 added to its
associations. For example, business rules may dictate that an oil field may have many wells
associated with it, but a well may only be associated with one oil field. Business rules are
20  also used to enforce cardinality.
Referring now to Fig. 22, a simplified business model, the present invention uses tiers
30 comprising software components 20 to create a business model 31 of a petroleum
company, by way of example and not limitation a business model 31 of the exploration and
production assets of a petroleum company.
25 Business model’s 31 inventory 700 comprises one or more predefined software
components 20 for elements in oil fields 201 owned by the company (field components 21),
software components 20 for oil wells 202 (well components 22) associated with each oil field

201, and software components 20 for well data logs 203 (not shown in the Figures) (log

components 23) associated with each oil well 202. It is understood by those of ordinary skill
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associ ations. For exanple, business rules may dictate that an oil field may
have many wells associated with it, but a well nmay only be associated with
one oi | f{@fsBsi ness rules are 20 also used to enforceGai@uRMsst Y-
Referring now to Fi a.sinplified business nodel, the present o

. 22
i nvent i ghihgsedwaresds thapthedfigld cempgnenty 2 luavdl emprisaist 22, #pd {og egrapgnents
busi del. 31 of. t | , b f | d t
Vi tat 2ancan HesPIeERising oDy, AR SXBPYTERIS GiFeiRa 100 MRk ] orPTadEW: s of
t | . 25 Busi : 31.i t 70 i
e O RPN B RS TS ot B 3050 ©
d by th i~el , t f il
wel s 202 (PR oddl o SySrORApeRLTendls o.on Sy B SAThBpefs 28, ©
sof tyar g, ¢ TRang aga)s%gh LOEuMEld ta\%@%c%idé itg i%gd&glegl dgtggwg 203 abd EaFinRS)

(log conponent 3) assocl ate ac IS understood by

t hose o i i H R Q
T SO0, S H e e he T Tal 0 sorpane &3 st

conponedits a3d ting 6l the gut OTPBRCMbsner 23sdTerard epplicatish aialyte Geagpbashidiptedew
conponents created for nodel 31, or new conponents created or nodified
from a setn eilflshiseusindst waodel, docipding rdddin2OandBussng) esw e dempdherto ukefub &si | v
be extended, e.g. by adding software conmponents 20 5 or by adding data
such asndelieg daparamaonteds exf avipetrokawhcompinyd preductign 28%tarnd 4 peweleemi on
related to the run that produced each data |og 203, for exanple, the

ser Vf ce cewnyahyr gseepmabigatiapdhereafhd time of the run. In this nanner, a
software application may be created and adapted to an_ oilfield business

model , i ncl udfAly selivasEormenersi 4 sush o riteld sapprRTLs 2 Lswell comppnenig, &%) i ng
07 conp g IOBGOTRY Seis 3B PR SIng AR R e oss PG P LA S and o
o appec s R ARt BE'LoRRRRLSR Bme, Lo e OIR e RS

I d L i . F L v E 3 i h
o oper t PR e 0GR Boioo R 20 WA, il Sbark tontloh by SR Bmeed, 1 1

sof tyar \‘%‘%ﬁ\?ﬁ?%ﬂ{g@&% Qowpﬁgs?%m&fl’l}ﬁ% Imr%@E &&WP&%&%?]']%Q in the system

will ha me set of properties.. In addition, sof tware
conponents 2%, ha¥igioR! WER sbitfard S mepth® 120Vl fr¥pditled e enable identifying the

well software component 22 uniquely both by name and relationship, e.g. to the earth. In a
preferred embodiment, while the name, latitude, and longitude properties may be either
character strings or numbers assigned to oil well 201, elevation is defined by the value
20  assigned to a specific well software component 22 interface.
Referring now to Fig. 24, the application whose display is illustrated in Fig. 24 is a
business model viewer, in the preferred embodiment using Visual tier 30. Upon receiving a
query from a usér, e.g. auser seated at a keyboard, view 7002 searches the appropriate data
repositories, e.g. an SQL database and/or a DLIS tape, and returns the query results to the
25  user’s screen 15 for viewing.
In the preferred embodiment, Visual tier 30 allows a user to see details of any
business model 31, such as the one in Fig. 24. In this example, access to model 31 is limited
by controller 7003 in Visual tier 30 which uses a model-view-controller paradigm. Access

via controller 7003 may be configurable, i.e. controller 7003 may be read-only or any other
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wel | software conponent 22 uniquely both by nane and rel ationship, e.g. to
the earth. In a preferred enbodi nent, while the nane, |atitude, and

| ongi tudewpf(ﬁp;egotzi es may be either char acter strings or mgmosggﬁsi ghed
to oil well vatlon is defin the v 20, assj. ned
f Senfnpf

speci fi Ee%‘ﬁlo‘éso?at 8 EGRSEHAR vra oht °F &EEP g g W Es &?8‘3“54
the appljGalip WO@?%ﬁSwQ' Sef¥o eﬁlt'bhgﬁié b&d 41Nad bl 4V1la\§r if (ﬁ‘k%gs‘ﬁ

nodel vi ewer, he pre erred enbo u5|ng |sua trer

recei Vi feh BonfH§ Mols Whifn R &F the: me 31}5%&10’%19@ EtkiGthed \513% ?19%&@1:3 Moy 7002

searches the appropri at ata repositories, e.g. an SQL e and/or a
DLIS t al?&ouﬁ@de‘&&é WrRvéB ety e dxandp®, tahélst&ﬁeruﬁﬁﬂ' oBlySitde8€R haddlor
viewing. In the preferred enbodinent, Visual tier 30 allows a user to see
det ai| s viwerMurcHases fiRs sppliededn Jith seigtolRs 7008 {ANg redl- bilg. mdde, wherbdl &
exanpl e, access to nodel 31 is limted by controller 7003 in Visual tier
30 whi chustemsr thathwaketk tov editviodalk 1301 ds avellpardelv giiem Aarchsses thwd applioaionokiten 7003
may be configurable, i.e. controller 7003 nay be read-only or any other 21
SUBSTI TcaEr$EFP03 Rappable 6 batld idwiagaod cREHgUSARUSHAEE copldravies pumbsschtised on
programmatic control. For exa in an alternative enbodi nent,

control hppllcnuglzwaﬂllhwm@twgrsr% 63 cadlowing simressrsmsdess t@ theasadwenly castroliasw | t .
This type of functlonallty al l ows shipnment of the _sane application to

cust oma?@ WMG Atlers; wowd hé@d%cceSSﬂgﬁw% ap ¢l eontrofler FRBL s of security. For
exa stomer that 6@ deI i ewer Pur es the

applt catl on lthe PRETAHER (O F‘ grq Bﬁ?% il 122t TeAUITERENtS ey

su-“?la weRden Pfifafor Bl Gk, AT AR 6%??!6*\73%%6‘5.3‘??8 ‘%é%{é??m% a%e@%‘@aﬁh'rpéﬂ“ o
o S Lfilaill RNAAG dopficarf¥RRr bl Slh i bihichObls GERGe O° plidfpp Rl 19
access Sgnalgg vwmari@veds&ft&aetaoﬂ{p F‘lEntZ %%bta@ﬁa NedeRied ORGL/EL ‘g&t@h&fed%

preferre odiment’, referring sti requirenent or an

appl i cathpRiept 1 funul&{aﬁtﬁ%uﬁe& 16 ishddfy I8 c{mreﬁ@nﬂs NfoRGEOfiElaeR . Wrhdset he

nmet hod of ™ building an N-tier application of the present invention and

c0- pendisofiwhte Tonpdheits 2004t ithat 4sebciatse Withl tidde.3008hd 4R . applicationfden@tard to
conponents 20 obtai ned, created, and/or purchased to 1nplenment the

funct i ofrapletignt the tﬁmﬂcﬁdnztltty sapmrsﬁyo saniefyrtRe taquiremets féraril fdld 201.el d 201. These
15 software conponents 20 are then associated with tiers 30, and an

appl i cati on émeermplethentsd, a user may then interact as needed with the application.

By wajl of example and not limitation, in a currently preferred embodiment a business

model 31 begins by a user accessing screen 15 to display one or more representations 201a of

20 oil field 201 showing one well representation 202a where screen 15 display is handled by a

Visual tier 30 software component 20. The user may request operations and interact with the

system via an input device such as a keyboard, light pen, touch pad, touch screen, mouse,

voice control, joystick, track ball, or other similar means, or any combination thereof, all of

which are familiar to those of ordinary skill in the computer art. Screen 15 may display

25  representations of any predetermined type such as iconographical, pictorial, textual, or the

like, or any combination thereof. The display and interaction methods and procedures are
handled by visual model 7001, view 7002, and controller 7003 software components 20.

From main menu 16 presented by a field view 7002 software component 20, the user

may have several options as will be apparent to those of ordinary skill in the programming
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i npl enent the functionality required to satisfy the requirenents for oil
field 201. Once inplenented, a user may then interact as needed wth the

appl i cati%mgxmyay of exanple and not limtation, in a cydendh¥sdseferred
enbodi ment a husi ness nodel 31 begins by E ug,er accessing screen 15 to~-
or

di spl ay @helt 5Ll g appatent te deseftiaropre atmer iskilk mehe as that SEsgY one
UTer 5076 Riets TMoRREN oS SUE HgPRBtEw i Brids PURE 4Bk 88 Mer act
bad |t ontmens Shiofled i WP B <pEe e iR i Sp St e PP s
hose ol LR, dbbp-Biin HABRIST el Bal \FofROMs, HonsPsoreiEoR Crb @Rt bt ©
repres egffl,@édoa@,smgl}se%e»éc@ﬂggﬁo}uiq} gi:aﬁl%%lteéﬁp SelSttols 3R 1RO ﬁgs,r@r%y%{nbmaﬁon

pi ctori textual, or t r any conbination thereof” The display

and i nt gleRtT BY Wt SIRAEmPROanARE BeiHa8Sn, A Ber MAPAEIBE “PYleY idHAhaiiAG 7601,

vi ew 7002, and control l er 7003 software conponents 20. From main nmenu 16
pr esent gad ena Gpcal KleMi @vnt Q0xibaRhil W despiyhe Tt théOuset RentsSterviewamdlvave

several options as will be apparent to those of ordinary skill in the
pr ogr ammodify. 22 sishiBSThsHifE aStdefFhag Beleft 269ptidd 10 IhAEOAP 0PSSO0 Abwole
arts. It will be apparent to a software programmer of ordinary skill in the

art t haficldaivisibten Thesg6withgll bakedersthy coatrotef contusléar 7089, wiewetl02amdopisiadln t o
view a field, using any one of nunmerous techniques as will be apparent to
t hode omadeli®Wary skill in the programming arts including drop-down nenus,
keyboard shortcuts, icons, screen regions, macros, menu 5 sel ections, nouse
sel ections, R&{REHNSH AW O Hig.ckh numeEUsitesigiqusn gxishio further mapipalde eibisldsat i on
t her eof Y of exanple_and pot .limjftatjon, a user .may select. "File"

f rom 2Rl geAG 16, apDaia {9 Q50 eggwnra%rwfﬂﬁl R G PR SRBIIRG 2115 1 Pafithe

field t euservvat%t i ew_and/ or m)difl. I n sim'larlfe,}shion a_user nay

sel ect SHVBATFBR Ko 9RIe Heicus; MaSiogoRiEtt slocicina Biouse prigstipgs, U PAIE T as
i1l all h tial of . ' [ | 10

L e WSS AR o SORRLNED 100, BB RN A

manipul Biftabh, G GleSma? sl InghSe RARBE CVer {RplchAREAI 2014l AR Yergll |

in the prografmng arts wn nenu oard shortcuts,

MACT 0S, rdfREWnRRHES01200SnvdKRUFEl BRIAGhLANES, olOYS NefPaNEht nSGs6 BRGEEIRKJrONS,
and the I'i ke, or any conbination thereof. By way of exanple and not

other mouse selection means such as tapping the mouse. Once Well Editor menu 17 is
invoked, al user can select a predetermined option, such as by selecting Add Well, by any
programmatic means available, such as by way of example and not limitation left-click or

20  right-click of a mouse whose cursor is position appropriately on the representation 201a to
spot the location of the a new oil well representation 201a on the map.

Referring now to Fig. 26, the application may then provide an opportuni"cy to add field
name 18a, latitude 18b, and longitude 18c of the new well such as by Add Well 18 dialog
display. These data will be communicated back to a software component 20 for inclusion.

25 Referring now to Fig. 27, in this manner, new well 202b may be created on the fly,
new well 202b being associated with a respective tier 30.
Similarly, users can create new field components 21, well components 22, log

components 23, and the like, or even create new tiers 30 such as a new field tier 30 without

the need to recreate the software application responding to the user’s or program’s requests.
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15 limtation, a user nmay position a nobuse cursor over representation 20la
and select representation 20l1a to invoke Well Editor nmenu 17, e.g. by left
or right WRuafshtton click or other nouse sel ection nmeansg 3885t appi ng

br det R ERHBHRTbHY Bt OB BT HAL o el PIOBFIINE 35t dof ettt | c
2011 ghE T B R AEBTIRa OGoH ST S EPY PO b FIespr AP ery h e e
;EB; g:g tgfée:rg e%%%éﬁgﬁppﬁﬁgﬁ?%%ew‘l&g%gér %?ep?ééqu%%ggtgg%?gw (2)|6| \tNﬁlal application
ongi tude 168 obriihaoRACKADE: Dnfle R o Bion BT Bph vy BRelliifig Wea 1L,
dat aswi bt ciBGe aam%&a&gph&aa%héwméa el 62 RN R Qs 3096 dshan: 25

Referring now to Fig. 27, in thi's mannher, new well|l 202b may be created on
the flyin Fiep8 Wk thi? 23t Reinfifly @Rt ffel phBehtioh b1l deNRSIRACH ithvRe tibRr3030.
Simlarly, users can create new field conponents 21, well conponents 22,

| og conponemata dsplayptier 30ads h Miial fér 70O AnE iL@EneidYe for aterpaling wedr iaputa new
field tier 30 without the need to recreate the software application

r espondadctipris @ntl lpeesesting sisoal rpprogmaations ped) irdstnsation? 3VBLRSTAtT QisplaBicEB04, RULE
26) WO 01/48602 PCT/US00/ 35465 It is understood by those of ordinary skill
in the soifttoller §0P3 dgternrets ngeraattions kad isforis vesw enedehi7001 yof caquited gtiogs.amred
to occur automatically given some triggering event such as a trigger

ext éf nalView mddsl AYH Teseiveoinstgectipas rogscoptollenT@Y and prgeasprsrtherResush@s Y now
to Fig. 28, On-the-Fly: An Exanple of Generative Programrn a_set 5 of
curve dRESINg hiedpsineipas e tgane OBf OT JBYYGi Jod g 6%%%6%3@ Jddese maye

tiers 30 ar hown . in Fi 28, hut this is not tq inply that. the = .

bool © catteDia acguisl e d0f Bt Ritesori T opsiiher PR pes, Sabes o
Vi sual :Qﬁ{ 7000 and is responsible for interpreting user input actions
and pre Ty % sual representations and information. Wthin data display

tier 30a, c [ l003 | rpr S =1, han i | del
7001 of requﬁag%%éé%f%ﬁg . éﬁﬂo%l eév%/mﬁ%—cﬁfg%J %G%%ragge?{/eg%gi F\ﬁ‘g%rgf Fonﬁcmfe?%m
congs ol };]I%Eanﬁ%ﬁ R seﬁ%%sc%ag)oh&ﬁmzo%qﬂv&% Y100 RASSAdREre! 1B S drfkSH Skl Aol NS on
to another one or nore softwadre conponents . These may include data
acqui si Hhﬁ[}‘ﬂéde@ﬁng""ﬂ_@r @2 By WE SdxdhipRSandidtAintit-a! GBS sdftwiie SRRpSRNN Cces,
and view 7002 services.

20 in data processing tier 30c may accumulate and otherwise processes raw data fed to data

processing tier 30c by data acquisition tier 30d.
Data acquisition tier 30d comprises one or more software components 20 modeling or
20 otherwise representing real-world entities such as pumps, tools, valves, and the like. These
software components 20 of data acquisition tier 30d may be initialized by user control,
programmatically, or any combination thereof. Additionally, one or more data software
components 20 may accumulate data and/or interface between a real-world device and a
logging device. The accumulated data may accumulate at the well site, in one or more
25  buffers in communication with oil well 201 and the application, within the application, or any
combination thereof.
When a predetermined number of curve data are acquired, processing software
components 20 are generated under programmatic control and perform the required

processing on those data. In this example, most of the functionality in data processor 30c is
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Data processing tier 30c conprises dynamcally created software conponents
15 instantiated from software conponents 20 in inventory 700 that adhere to

f ramewor kw@fh1okeo2dat a processing tier 30c. By way of exanmca/ésnd 5@k
limtati th ft f 20 i t i J

o e S, A0 BN BRI op ek S BUBBSET cb Pr
30c by dati: 8PgHIALELANALEE oPOfla iflRAROUI Siti on tier 30d comprises one
or nore SOftwaré conponents S0 hode Ing of 20 otherw se representing

real - wor | d e il 65 useloss LRl Miitous! At it Blo talsA A, bk GrrorkifRA by

sof tware conponents 2 ata acquisition tier 30d may ralize

user CoR¥ £ parts AWHREH RIVEBSekf abdcYibe® in@IMseRBP hBR iR Brddh €6 8QflainAEhithR e | Y,
one or nore data software conponents 20 may accunul ate data and/ or

i nt es f aglls RBIMEEN nRyRAMadObY thode ¥kigled am therart hightgepaeiticcRom The principle
accunul ated data may accunulate at the well site, in one or nore 25 buffers
i n command cakcape Widfh aht wehdenfiOd and t hecitedpl iicat ithe, @@lidwing t helaims.
application, or any conbination thereof. Wien a predeterm ned nunber of
curve data are acquired, processing software conponents 20 are generated
under programmatic control and performthe required processing on those
data. In this exanple, nost of the functionality in data processor 30c is
24 SUBSTI TUTE SHEET (RULE 26) WO 01/48602 PCT/ US00/ 35465 created on-the-
fly, meaning that none of processing software conponents 20 exists until
the receipt of a predefined anobunt of data |launch them It wll be
under st ood that various changes in the details, materials, and arrangenents
of the parts which have been described and illustrated above in order to
explain the nature of 5 this invention nmay be nade by those skilled in the
art without departing fromthe principle and scope of the invention as
recited in the followng clainms. 25 SUBSTI TUTE SHEET (RULE 26) WO

01/ 48602 PCT/ USQQ 35465 CLAIMS What is claimed is: 1. A systemfor creating
and using a software application for a petrol eum
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conpany, conprising: 5 at |east one processing unit; at |east one nenory
store operatively connected to the processing unit; extensible N-tier

sof tware wesiidgez i N and executable within the at | east oneT/iN008eRSI NY
unit; a2¥g£ﬁﬁgtory of software conponents resident in the nmenory storeé for
use by -tier software, at |east one software conponent being

sel ecti \(ﬁll%is&e-g{eagg_nt ative of a requirenent of an asset of the petrol eum

conpany; an i n%lu evice, operatively in comunication with the processing

uni t; an output degvj p I Yo : i i i t I.ng
unit; and at | eagtAééﬁséte% gra%r%éggltgeﬁdtﬂyﬁgw %@%&?@P@%{Pﬁ g(r? E{sag?t? (\?\llglf%el t he
tier cogphbslyldombrisite | €ast one software conponent, the tier further
representing “at | east one asset of the petrol eum conpany and perform ng a
wel | sdefii ped oaypiddesisg wiigti on. 1. The system of claim 1 wherein the at

| east one software conmponent conprises field conmponents, well conponents,
and | og.conpatiadtdne apaivre sofe gRirabelpv@ngectdDiortbpp@sessingngitpr edet er m ned
oil field, well, and related requirenents. The systemof claim 1 wherein

t he out put dexicosbldiN{ibasofiveare esplentsinwed executabjpuvghintisnattlbast omput devi ce,
the N-tier software, applications generated using the N-tier software, or
a conbi nat i oprackesieginit;25 1. The system of claim 1 wherein additional

sof tware conponents may be created or nodified nanually by user input,
automatical |y by appryesinry ohsolfjesecampanens regidenein the peagork sloreiaraise py

response to internal triggers, autqmatically by applications generated
using the N tier Roftighr WG edpdrisk s észmﬁrﬁawmpw&@érg?m%rs ctively

moi ti th f. 26 .SUBSTI TUTE SHEET (RU 6 01/ 48602
P Lo or Seabe. S i ie Bra UL O GEh e Ge PN BRI GRS ¢ o
i | at | t ed .of f et.r gl f ! t
Compri s ng at | eadh oHLapriSe BB el P R srpO b &V O
oper at i vel y_connegheyliPaliic, BhASERY itkdihbietobi ot BOLHIRLE: HufiggUt abl e
St one ssing unit, so |

within the at lea proce ware arc ecture
speci fications at least one tier created by the extensible N-tier software, the tier comprising at

15 least one software component, the tier further representing at least one asset of

the petroleum company and performing a well-defined business function.

1.The system of claim 1 wherein the at least one software component
comprises field components, well components, and log components capable of selectively

20  representing predetermined oil field, well, and related requirements.

The system of claim 1 wherein the output device display is responsive to
inputs from the input device, the N-tier software, applications generated using
the N-tier software, or a combination thereof.
25
1.The system of claim 1 wherein additional software components may be
created or modified manually by user input, automatically by applications generated using the
N-tier software in response to internal triggers, automatically by applications generated using

the N-tier software in response to external triggers, or a combination thereof.
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resident in the nenory store for use by the N-tier software, an input
device, operatively in comunication with the processing unit, an output
devi ce, aweoieyzcati ons pat hway operatively connected t ediagsopisaee€SSI Ng
unit, an initial set of software conmponents where each software conponent
selectively represents at |east one asset of the set of assets, at |east 10

one tier where (g & beinSORPELARH ¢ dRlmORHIRIDIRY aRRIRRNFOLCA0Y s

represents at | eaSt "one asse assets an

wel | - defrpad;ays) ?@c}f‘oﬁaﬁﬂ Qgﬁ{.lp%% nth?L s?&%ﬂ?%ﬁ%{r% 415164 'ond &%Eén'{% gﬁg’catlti vely

sof t war e conponen om an ory o conponent's to

repr esenlysf A haNBRAL Stot®opeRGilel§t cenSQb® GbetheSpRReEI iRl uARS N-BeOkofRe 15
set of assets; obtai'ning a software conponent from outside the inventory

for eachxedif®W ReiRNtEe NAtlesdt drfel bRRcRIhga usidf tuew areCadheRtRt dpeeifichtichs
inventory; defining relationships for each sel ected software conponent and
obt ai negesideht athe manmenene foousd by drsK-teneofdwires as afpuvdeeice aperatiedly, int he
rel ati onshi ps 20 including association of each sel ected software conponent
wi th a tomnmunatonefiknithg prévesseg)maiic iangowputedehcafa tchmnenifi¢afiene pathwpynent s
into an invocable application; whereby requirenents of the software

appl i cappentivaly wanigstedatoethe roerssing funita g dnitialaged of sfoifisifare dompenentsTweenget hod
of claimb further conprising: selecting a well conponent froman inventory
of soft ﬁ%%@p@m@l%sel@c%w@mm%wt%é%&@m asseloRfi the getraf asyedy apleast
predet er m ned ﬂunber_of wel |'s; 27 SUBS%%IUTE SHEET %EHLE ZQQ WO 01/ 48602
PCT/AUS0 0P8 BaShers dpe ey GRIMBHSES 8t St ioHvars eAmRANCPhRehEsBFSFos ak optheRce
conponent s, t sel ectively represent requirepen f.or a.predeterm ned
nunber G15%1 86 MR dHeres Y BERPNE 2 VEIIAURAhBURERY FIGHO N TenPEROgr y of

sof twar e Cé)rg%gn,ents to 5 selectively represent requirenents for a

predetef?ﬁn‘ ¥unber of fields; and
selecting a software component from an inventory of software components to

selectively represent requirements for each of a selected subset of assets of the
15 set of assets;
obtaining a software component from outside the inventory for each
requirements not satisfied by a software component from the inventory;
defining relationships for each selected software component and obtained
software component to at least one other software component, the relationships
20 including association of each selected software component with a tier; and
defining the sequencing of each of the software components into an invocable
application;
whereby requirements of the software application to manipulate the set of
assets are satisfied.
25
1.The method of claim 5 further comprising:
selecting a well component from an inventory of software components to

selectively represent requirements for a predetermined number of wells;
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associ ating one or nore well conmponents with one or nore field conponents
and one or nore | og conponents. 1. The nethod of claimb5 further conprising

provi di ngwepalisenftware 10 conponent with a change nmenu whangonztfe change
menu may be manual |y accessed rogrammmatical ly accessed, or a conbi nation
thereof 1. The metPSItH 08! ARG HEM BBIRFTEoN ook FRy iR oCmho oGy o
processi ng soft conpo s, t t 1. the cessi
sof t ware comnponen éslg%ﬁveeﬁgre@{%%ﬁ %@R{Enlﬁglﬁgpg)gg?a%g%t%gn%lgatrr“@fl earn§§pieZS form
the required proc%ﬁﬁﬁgg?ﬁg t hose data upon receipt of a predefined anount
of data. 1.The method o élaim5 for a plurality of processing units
wherein the soft WEIE &0 ARG RbRipBh&it Groth r@bmw%o@mpgoﬁ%mpwﬁ dehé B

processing units. 20 ATconputer program enbodi ed Wi thin a conputer-readabl e

medi ym created  usélB&iveherefRibRdeirefiledisToPa prédete@Bed hiltdbé: oPtiekk; &RULE 26)

associating one or more well components with one or more field components

and one or more log components.

1.The method of claim 5 further comprising providing each software
10 component with a change menu wherein the change menu may be manually accessed,

programmatically accessed, or a combination thereof.

1.The method of claim 5 further comprising creating one or more processing
software components to process data wherein the processing software components are created
15 under programmatic control and perform the required processing on those data upon receipt

of a predefined amount of data .

1.The method of claim 5 for a plurality of processing units wherein the
software components are distributed among the plurality of processing units.

20

A computer program embodied within a computer-readable medium created

using the method of claim 5.
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