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Field of the Invention

The present invention relates to development of software applications using software
component architecture for the development of extensible N-tier software applications.
Description of the Related Art

A variety of techniques are used by a programmer or code developer to design or generate
software program code. In one approach, software applications are designed as “monolithic”

structures in which the various functions, such as data storage and application logic, are completely
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Accordingly, in the software development arts 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 pfovidc the overall functionality for a desired
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.

Because of the resource expenditure necessary to develop these units, it is desirable to be able
to reuse these units so that their functionality may be employed in subsequent applications without
having to “re-invent the wheel” each time this functionality is needed. In current software
architectures, such as two-tier and three-tier architectures, some portions, such as data repositories
and user interfaces, are relatively easy to reuse. However, other types of components, such as those

implementing application logic, are still clumped in large blocks, making reuse of these components
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CONPOpERLiSvaribhfunclionfdi¥RAR- TR s Aintsl, eteRre, fo@&?ﬂ%ﬁwh@é@ﬂﬁdxﬁﬁl s Base
Tier, Fig. 8 a Venn-type diagram of the present invention's Messagi ng

Ti er | ness
sof mﬂ’ﬁ*‘e‘%%%sp%ﬁdé%%?‘sﬁﬁmaﬁ’%w L e T

conpo a Venn-type diagram of the present invention's Rea
Ti QIL%E‘S(FI erpn]&a% 12, a Venn-type di agram of the present

|nvent|ons DatatleE z m of the present
i nvention's Pr ocessr ; d| agram of the present

i nventi onrﬁ . tier; 9 J VD 01/ 486 UsQo, /35466 4 Flg.
By A Eifioy’s

15, a Ven F‘Bﬁ‘i”&ﬁ P’ﬁ% IP"P’F?@%‘HUI" RS U o nt r ol | er
(MQ) .
paradigm;
. Fig. 2 is a pictographic representation of a software factory;

Fig. 3 is a diagrammatic representation of a framework;

Fig. 4 is a flowchart diagram of rules;

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 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;

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;



design pattern; Fig. 16, a Venn-type diagram of the present invention's
tenpl ate objects; Fig. 17, a Venn-type diagram of the present |qy§gntqm4s
Business Rules tier, Fig. 18, a Venn-type diagram of the present

i nvention's Interceptor tier; Fig. 19, a Venn-type di agram of the present
I nvention's Application tier, Fig. 20, a Venn-type diagram of the present
i nvent i oweodgear ds tier, and Fig. 21, a Venn-type dCEHyUsoemnssed t he present
i nvention's Testing tier. DETAILED DESCRI PTI ON Referring generally to Fig.
1, the present invention conprises a nethodol ogy that applies an
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based on a well-defined architectyre. As used herein, "manufacturing”
inplies a nethod anal ogous to a software factory. Using the present
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Fig. 20, a Venn-type diagram of the present invention’s Wizards tier; and

Fig. 21, a Venn-type diagram of the present invention’s Testing tier.
DETAILED DESCRIPTION

Referring generally to Fig, 1, the present invention comprises a 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 assembly line capable of assembling all types of
intellectual property quickly and at the lowest cost

The pﬁsent invention uses an “N-tier architecture” paradigm. In an N-tier architecture, all
functionality is broken down at the system level into logical chunks or tiers 30 that perform a well-
defined business function. In the present invention’s N-tier architecture there is no limit to the
number of tiers 30.

The present invention’s N-tier software design architecture is employed to develop software

components 20. As those of ordinary skill in the programming arts will appreciate, “software



conbi nati on thereof. As those of ordinary skill in the programmng arts
wll appreciate, "Ntier" in the prior art may be thought of aszigwmluy'mﬂg
a hierarchy such as with protocol stacks. However, as wused herein,
"N-tier" describes an architecture that is characterized by a plurality of
"N' tiers 30, each of which has a specified type and a specified
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hierarchy is mandatory in the N-tier architecture of the present

i nvention. Each software conponent 20 to be devel oped is associated with
at | east one tier 30, depending upon the nature of the functions to be
performed by that software conponent 20 and tier 30. The present

i nvention specifies a nethod and a“system for using architectures to
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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 implement a
N-tier system wherein a software component designer can design or select each software component
20 to perform specified functionality and ensure that each software component 20 has the interfaces
specified by the architecture for that tier 30.
Using the methodology of the present invention, there is no limit to the number of tiers 30
or software components 20 that can be implemented or defined. Rules for the architecture are used
whereby tiers 30 are not necessarily part of a hierarchy as in two- or three-tier systems, but are
logically interconnected using specified interfaces so that each tier 30 can interact with one or more
other tiers 30 as needed, i.e., a software component 20 within a given tier 30 can interact with
software components 20 of one or more other tiers 30 as necessary.

The following terms are understood to have the following meanings to those of ordinary skill

in the software programming arts for the present invention, and some are further explained herein:



TERMDEFI NI TI ON ArchitectureA set of design principles and rules used to
create a design. COMConponent Cbject Modelin . Conponent An objefb tm?
encapsul ates, or hides, the details of howits functionality is JUL 2004
i mpl enmented and has a well-defined interface reusable at a binary |evel.
CORBAConmpn (bj ect Request Broker Architecture DCOVD stributed Conponent
Obj ect Mwedr/aBdoh Dynam ¢ Li nk | abnury event handl er mrespeayesovasasd i ng obj ect
Framewor kAn architected context for business objects that nodify the
busi ness objects' attributes or add new behavior. GUJ I)d obal ly unique
identifier, e.g. a nunber having a predeterm ned nunber of bits that
uniquely identifies a software congonent JAVAa programm ng | anguage Model A
heterogeneous coIIectlon of conpon nts whose relationships are enforced
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CORBA . Common Object Request Broker Architecture

DCOM Distributed Component Object Model

DLL Dynamic Link Library

eventhandier 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
JAVA a programming language
Model A heterogeneous collection of components whose relationships

are enforced via a predetermined set of rules; a collection or
instantiation of software components where the collection or
instantiation may be organized into a hierarchy

Object A programming structure encapsulating both data and
functionality that are defined and allocated as a single unit and
for which the only public access is through the programming
structure's interfaces. A COM object must support, at a
minimum, the IUnknown interface, which maintains the
object’s existence while it is being used and provides access to

the object’s other interfaces.
Package A logical grouping of interfaces within a framework that
. ' provide a specific behavior such as messaging or connecting.
Sink Connection sink for mcssam
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



object's exi stence while it is being used and provides access to the
object's other interfaces. PackageA | ogical grouping of interfag8siniiii n
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Si nkConnecti on sink for nmessaging. SourceConnection source for messagi ng
Tier A l ogi cal grouping of conponents that performa well-defined,
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representative interfaces, where the interfaces are shown generally as clouds in the various figures;

and one or more methods for collecting software components 20 as well as one or more

interrogatable properties and variables. A package 42 is thus a collection of interfaces that provide

a specific behavior, such as messaging or connecting. Most frameworks 40 in the present invention

comprise more than one package 42.

In object oriented software programming arts, methods and properties are often referred to
as attributes, but frameworks 40, packages 42, and interfaces are not limited to object oriented
programming constructs. As used herein, “methods"” are meant to mean software that exhibits a
. behavior and “'properties” are meant to mean variables and constants exposed to other interfaces.
As further used herein, a “collection™ or “software collection” is a software construct that

provides an interface that allows access to a group of data items, whether raw data or other software

components 20. An interface that follows the standards for providing access 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
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that allows access to a group of data itens, whether raw data or other
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provi ding access to a group of objgcts is referred to herein as a
"collection interface:' By way of exanple and not limtation, a collection
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nam ng conventions: O Table 1: Standard Abbr evi ati ons
Abbr e{e AeUoRRSAMINE OBYENRRY o s GPPackage | GClnterface to O ass

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

" Thus, within this specification an entity, construct, or named example such as “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 example such as “TGCxxx"
implies that “IGCxxx" is an interface toa class as that term is understood by those of ordinary skill
in the software programiming arts. An entity, construct, ornamed example such as “GPxxx” implies
that “GPxxx" is a package 42, This terms and naming conventions are meant to be illustrative and

. are not meant to be limiting as software components 20 may be implemented in other than software
that uses the notion of “class,” e.g. object oriented programming languages.

In addition, software components 20 may comprise properties or attributes. As used herein,

a property indicated with a name having a trailing set of parentheses “()” is to be understood to be

an invocable method, whereas a property indicated with a name without a trailing set of parentheses

“()" is to be understood to be a variable or other datum point. By way of example and not limitation,

those of ordinary skill in the programming arts will understand that an object or software component
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programming arts nore readily understand the present invention. In
addi t infmnatiomrop 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 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 any invocable software
including runtime libraries, dynamic link libraries, protocol handlers, system services, class libraries,
third party software components and libraries, and the like, or any combination thereof.
A given N-tier application may be designed using the principles, rules, and methods of the
present invention to satisfy the needs and characteristics of a given industry. As used herein,

“application” is understood to include compiled, interpreted, and on-the-fly applications, such as,
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S0L 2OCHRET o1 Pt bR oob R AN 5 Spd Ml B b vl gl
limtation, A just-jin-ti JAVA. and.the.l]i . oghi nati on

t her e8ireralgso Wé&@f?@%" %Mﬁ%ﬁ‘ﬁ%‘%ﬂ%’?ﬁaﬁﬁﬁ%@kw in the
software programing arts A "w zard" or other code dei Lg s t ool may
al so PR ‘g‘emﬁnag{lp?%@%%wm%? 8"“&’8?10@?%?@ go@wﬁre
components 20 within the specifications of t%eﬁgﬂticul ar N-éi.er
ar chi thedierp@ forpthe sofiwarseamponent 20 Ang sasyring, that (he 4%, EOMPORERt 34§ Pher to
g@@rate a sof_‘thg%r_e con&&r&%@ﬁ%p by fselgg%iegg t he tiogﬁﬁgﬁ&ﬁ{rﬁtgfge

sor t weereplianged intenface igngjed faese QORGS0 isin
conpliance with the interface standards designated for software conponents

20 of 3@.hat particular tier 30. An N-tier application defined and

i mpl ement ed using the present invention nmay be thus )
An N-tier application defined and implemented using the present invention may be thus

adapted for use in numerous industries and contexts, for example ship-building arts, financial arts,
or medical arts 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 for
specifying rules and methods that enable applications to be constructed. Such a methodology has

been proposed in.co-pending U.S. patent application Ser. No. __/. attorney docket no.

D5407-00109, filed on with a U.S. Express Mail number of

and incorporated herein !:ty reference.

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 tier 30 logically groups together

software components 20 that have a similar or complementary type of behavior.



adapted for use in nunmerous industries and contexts, for exanple
ship-building arts, financial arts, or nedical arts as well as ?golo%ical
i ndustry arts. Referring now generally to Fig. 1 through )1. 21, nUN-2B0éer
application of the present invention is designed using an extensible
N-tier architecture devel oped using a nethodol ogy for specifying rules
and net hedsoi4bds enabl e applications to be construct pdrusswsdasea net hodol ogy
has . been proposed in. co-pending U S. patent application Ser . No. J .
attorney docket no. D5407-00109, filed on with a U S. Express Mil nunber
of and incorporated herein by reference. Such applications have
functionality broken down at the systemlevel into |ogical chunks or

tiers 30 that performa well-defindd function, such as a business
function, according to rules for the selected architectyre.. lp a

cur r ent | y ASdispusseddigreimbrien. e work 40spacifics 2 Besiq @@MP@@@Q&W S%get her

sof tware conponents 20 that have a simlar or conplenentary type of
behavingladinpubase sep ob spftwarpcompgamts 20@m SO seurapl interfaces foyiRY $piWaR her ei n

bel ow, framework 40 specifies a basic design paradigmfor a tier 30,

i ncl uebimpgneat Mipstogerized axbelpogingiarthat ties 3 oFrameworkoidmey comprse aglurdlityefdar d

I nterfaces for any software conponent 20 categorized as bel onging to that
ti er poOkagtyerewor ks 40 may conprise a plurality of packages 42. The
present invention uses predetermned rules to all ow new software

conponent ShePreseot ibeentioxusespreditenninpdmiteh tocadldw acrd softveae gpopondsis\2Otakted t o an

I nventory (or catal og) 700 of conponents for future reuse in subsequent
app! i eedtéda purchisedimdahenaiolsitly edded tpamrisvehoryor eatadog) §0@ biqoegienents\femt ory 700
g?fs, thus further reducing the tinme and resources needed to devel op new
appl i fufiré R in subselidndpplicutibiis Ak hofaofbedeintponshtsdlaraiesdldped)itvehtory use by
any ot her software conponent 20 that can wuse its interface, including

of f - t g &be4, fths THHIRD SEHuSing Wef tirhd) EndSRufces asBden Ndcelop ngw applicatids.ed

Further, software components 20 are available for use by any other software component 20 that can
use its interface, including off-the-shelf components. Off-the-shelf components, ¢.g. purchased
components, may be incorporated into the N-tier application of the present invention such as by
adding a predetermined interface to that off-the-shelf component as required by the N-tier‘
architecture of the present invention.
The present invention also uses predetermined rules to allow a given N-tier application to be
. extended, for example by adding a new tier 30 to result in a new, Ni+1-tier application. Many
software components 20 developed for the predecessor N-tier application will be immediately
reusable in the incremental, N+1-tier application and others will be reusable with relativgly minor
modifications. |
Fach 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 components 20 of a type



conponents, may be incorporated into the N-tier application of the present
I nvention such as by adding a predetermned interface to that

of f-the-shel f conponent as required by the N -tier architecturezogr Jl{lh%ﬂﬂl
present invention. The present invention also uses predetermned rules to
allow a given N-tier application to be 0 extended, for exanple by adding
a newtiawo®fsd® result in a new, N+1-tier applicati BOTUSMMSH6 SOf t war e
conponents 20 devel oped for the predecessor N-tier application will be

i medi ately reusable in the increnental, N+1-tier application and others
will be reusable with relatively mnor nodifications. Each tier 30
defined and i npl enented using the present invention specifies the types of
i nterfaces that software conponent'$ 20 associated with that tier 30 nust
have. ,These jnterfaces are, thus standardized interfaces for that N-tier
ar ohiof B8R e becresed by BFLsSfveR FaRBR AR PESisaP” A B et 2004 vio
01/ 48603 PCT/ US00135466 12 of tier 30 .10 be accessed by other software
conpdiFEETCE UPRE the, DISSaREinvention yses the rales;for building spltwase Frmpone ‘&Hb usi ng the
present invention uses the rules for building software conponents 20 with
the Weawlgdgener abilityio agasss qthey safty apcompancass %P%P&%W@‘féﬁr?g&ﬂ?ﬂ?& 20, based
on the interface specified by tier 30 for these types of software
conpdise? for these types ofroftwats sainpenents 2@.he present invention uses predeternm ned
rules to define and create a particular N-tier application with a

speci fi edIn onsietmbedimentythe preseutlinvsntion udes piedetsmded awles toidefinegnd grewe £ ed

i nterface architecture for each tier 30, where each initial tier 30

sat i gfaitizalariN¢ienspplication with gepedifieiinitibl numpeatasditypenfticis 30 aidivtith,a spagified as

b ness | ogi c processing, data processing, and the |ike. Each tier 30

Wi iht@ifste atthitstiee far each €Gerc305 @heréach Mitial i@ 30 satisfleyne df mmajonpartion ofiat ur e of
the types of software conponents 20 grouped under that tier 30. Mre

C oM stbrd igicfi AR, SUBlY ad bagihete Rigit précBRihif dats prevesiniglaniditiedike) Nt erface to al | ow
a software conponent's 20 depené%ncies to be collected

Each tier 30 will tend to have a unique set of interfaces, depending on the nature of the types
of software components 20 grouped under that tier 30. More common interfaces may include a
specific, common first interface to allow a software component’s 20 dependencies to be collected
by that software component 20 and accessed by other components; and a specific, common second
interface to allow a software component 20 to be identified at run time by another component.
In an embodiment, the N-tier application of the present invention may utilize an
. asynchronous architecture paradigm permitting software components 20 to engage in asynchronous
communication via asynchronous messaging. In other embodiment, synchronous or mixed
synchronous and asynchronous messaging may be present.
In a currently preferred embodiment, software component 20 interfaces are implemented
using Microsoft’s COM specification for its WINDOWS (R) operating system environment. See,
e.g., ESSENTIAL COM by Don Box, published by ADDISON WESLEY LONGMAN, INC., 1998

with ISBN Number 0-201-63446-5. Only a software component’s 20 external interfaces are seen



by that software conponent 20 and accessed by ot her conponents; and a
specific, common second interface to allow a software conponent 20 to be
identified at run tine by another conponent. In an enbodi nent, th@ INHII 2804
application of the present invention may utilize an asynchronous
architecture paradigmpermtting software conponents 20 to engage in
asynchr oRpgdr/gde®nmuni cati on via asynchronous nessagi pgrrusonsasdrer

enbodi ment, synchronous or nmixed synchronous and asynchronous messagi ng
may be present. In a currently preferred enbodi nent, software conponent 20
interfaces are inplenented wusing Mcrosoft's COM specification for its

W NDOWNS (R) operating system environnment See, e.g., ESSENTI AL COM by Don
Box, published by ADDI SON WESLEY LIGNGVAN, INC., 1998 with | SBN Number
0-201-63446-5. Only a software conponent's 20 external interfaces are seen
2 9 Juythoowsidswerd ) Gawnen inkmedwotendards guch as ActiveXs, may bewsed tndacilifated.  conmon
i nteraction standards, such as ActiveX, may be used to facilitate

c onmugsmRanicationhatwirenrsofiwire \wamponcuip 3 Bath reduczheypred fonparectiyrosoffare f or
connective software between software conponents 20. Services provi ded by
sof t weatween eoftwsre nomparentsrd). Serwicesoprovidasi hyosoktweretcompeneats 20anaythmadet one or
nore desired processes. These services can be reused and shared by ot her
sof t waatworkedhtogetien tssupport bivvor were desiredyprddessee  Byppeagecvites tan belroused fd or di nary
skill in the programm ng arts that software conponents 20 may be

const shiaret &gl othar sofywird cempunento20) dfoweeen)it wilkbemppandnt ahase pfprdinarp shkikhin of
exanple and not limtation including those required byLINUX, SUN (R
SOLARS ptdgtamrhifif drts €Hat sdfievatel dofapofisntsc2Oymaybé) tondtrbotd usingrmeoerous\stherur r ent | y

C enpl ated, sone tiers 30 may exist that are not true tiers 30, i.e.

t hey eirofthentdpdradighg bpwa)of ampldhd noPiitatibpinolviiag thb rapirédy LINUXponent s

20. These tiers 30, such as Wzard, Testing, or Tenplate tiers 30, shown
gener gUNYR) SOEARIS (il?.dﬁnii,b%e i) or 47 YorEinddoR 8RALL.L O provide additi onal

auxiliary functionality. By way of exanple and not limtation, Wzard tier
30 may exig&dcurrently contemplated, some tiers 30 may exist that are not true tiers 30, i.c. they 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 contain software components 20 that
. exercise software components 20 or packages 42 from the functional tiers 30, record test results in
a log, and notify developers of the test completion status. Software coraponents 20 in Template tier
30 may provide C++ implementation of persistence, collections, and iterators for standard present

invention software companents.

Referring now to Fig. 2, a pictographic representation of a software factory, software
components 20, whether purchased or created, may be placed into inventory 700 for future use using

library or cataloging processes, all of which are familiar to those of ordinary skill in the



to provide a set of interactive help utilities that assists developers in
qui ckly creating standard present invention conponents. Testing tier 30
may be present to contain software conponents 20 that exercise s@f% ygir 804
conponents 20 or packages 42 fromthe functional tiers 30, record test
results in a log, and notify devel opers of the test conpletion status.

Sof t war e vameregeent s 20 in Tenplate tier 30 may provedeusSinsdssepl enent ati on
of persistence, collections, and iterators for standard present invention
sof tware conponents. Referring nowto Fig. 2, a pictographic
representation of a software factory, software conponents 20, whet her
purchased or created, nmay be placed into inventory 700 for future use
using library or catal oging procedées, all of which ale faniliar to those
of ordinary skill ip the 0 i W) 01/49603 PCTI USO0/, 35466 14 progranmi ng
arts. MF&%%EHQHFMEWFW@W%@@ %wg%mz@mww twar e
conponent 20 functionality Iimted to the characteristics and behavi or

uni quefynctionality imited todhe chamaeseristissang hehavioyymigua toshe softyam coEPUERBREY or t he
present invention is a software application assenbly line as if in a

sof t warRsesep Theperadigmn fopthe pregent inventprian seftwarsiappligatien ssambbplineagifinenent s are
first determned. The existing inventory 700 is then reviewed 12 for

sof t waeftware applicasion facx@y. t Asshown at klhapphication pqhiraszenis@re firstadgigrminedbdhe. System
requi renents that do not exist as stock software conponents 20 are created
13 or epiotny itrveptopuT0blisthedevdenkdid $arishftwaraclumpangnts 20rbkat fit the yew/@plicaiomew
application may then be <created 14 fromthe stock software conponents 20
and t hequiremers Systeni equicsmnzan el do 26 exidifae stocipgltivem icomponenty 20 &e created ed by

C I ni ng software conponents 20 at run-tine to form new uni que

appPl i qator posibBpurdhaselt|ayid possitlyraalddng ibeitbiyene. AciescappliQatiaCingg then beal i ty.
Referring nowto Fig. 5 a life cycle flowhart, the present invention's
met hodgda@d 4 EHoDIRE stock software components 20 and the new software components 20. The

application may be created by combining software components 20 at run-time to form new unique
applications on-the-fly, and making software reuse & practical reality.

Referring now to Fig. §, 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 example 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 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 adjustment 56, it can be

removed or otherwise modified 58. As additional requirements arise 60, new software components



application devel opnent to drive changes to the present invention's
architecture using a set of life «cycle rules. By way of exanple and not
limtation, rules that define that software architecture are eit e JUL 7004
desi gned anew, selected froma preexisting set of rules, or any

conmbi nation thereof. 'Thus, a software application designed using the
present iwtvankdédn' s net hod generates software conponeot/esedfss tiers 30,
and applications by using software conponent rules 210, tier rules 310,
and assenbly rules 410 for an initial design 50. The initial design may
have a predeterm ned nunber of initial tiers 30. The systeminplenented is
put into production 52 and periodieglly reviewed for adjustnents that may
be necessary 54. |If any tier 30 is‘determ ned to be in need of adj ust nment

it.,.can be renoved or otherw i onaln.
equl 8 i o wea??m?‘im@@ﬁﬁé@ﬁ? B3 ca) T 1o
01/ 48 0/ 354 are. created, existing softmare conponent s
20 o g&‘g“? dﬁllﬁﬁ?ﬁ%%ﬁﬁpmw Q730 ey be added,
. nodi fied, or deleted 66 as application re [ nts dictate. ferrlng now
to Fig. 6 R ﬁ@@sawwvgﬁmd$ ceclist & d“WBH%F@gﬁﬁldgg g%Y?%ﬂWﬁ”E ﬁ%nts 20 is
determ ned 70, software conponents 20 are Iﬂalcally grouped 12,
det er rieiaminesti07spowpes dompeneats 20 psdesically eropped Tn & deteTmpingtion (74 16ds ﬁe%ded
sof tware conponents 20 already exist in inventory 700. Wenever possible,
sof t wamade todntaoming iSarg®f theacedsd seftwargcamponerithbelreadyexidin inwgtoriile
conponents 20 that do not fit the current architecture may be restructured
t 0 _ensWhanewo pbssibtie rofiwamiiomponestss20nam greuskd 78 rfragn imventort €00 Seftware
r irement. Additional software conponents 20 nmay be created or purchased
80 as comeat@nlts 20 that do wot ifiethe carfens peliiettize amtay da sestwatured foregsvure ¢onfoamange y  700.
while retaining the original intent of the requirement.
Additional software components 20 may be created or purchased 80 as needed after review
of specifications and current inventory 700,
Using the predetermined rules and design methods of the present invention, software
components 20 are designed and implemented as needed for a given functionality. By way of
example and not limitation, business software components 20 may be defined and implemented
where each business software component 20 encapsulates information about a 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 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.



Usi ng the predeterm ned rul es and desi gn nmethods of the present invention,
software conponents 20 are designed and inpl enented as needed for a given
functionality. By way of exanple and not limtation, business soht e
conponents 20 nay be defined and i nplenmented where each business sg\(l)\ﬂl\/\@p‘e
conponent 20 encapsul ates information about a real-world object or
process, vaumhsas a_ wel |, a geol ogi cal feature under pchresoeasssdr (e.g. a
fault), a logging truck or tool, or information about a job that has been
run. Visual software conponents 20 may be defined and inplenented to
encapsul ate presentation information. By way of further exanple and not
limtation, data software conponepts 20 nmay al so be defined and

i npl enented as a software conponent 20 that preserves the state of a

busi ness §§%‘t QRN [ﬁ%bq We ol lod Diekli Wedidgsg sof tware
conponent et{}%{%elﬁacces§f£‘¥é|m§1go sggli%(gr ex%%&g akﬁlgggpso tware
conp t ext i I nponent 20
o Sty nes or RN b Cethibger 28 ol Voo AN SR RSIERE B ltoE "1
After. ne jfied soft onponents 20 succ l. as testing
ona vareel oot Shia oo fafiTP el Bh o R HE ARBE R BRI 00 Losesets
for itability 82 tq becone part of _inventory.700. Soft e conponents
20 « RSy pbeilag pelwarespripatrct 20 fisy SR ISP G BREAFIIGET Those new
or nodi fied software_ conponents, 20 may thus be_jntegrated into_a current
ar chi tevyinedhc cugsp Aritrgie i adginedfont rdﬁff@tff%ﬁ'@@%@é@qwa&wmn&vse one or
nmore tiers 30 to accomobdate them By definition via the rigid
i npl elebnitian vigthegizid inplementption plstandard interfaces s §ofMAR COBRMEREANIIMORE: om one
ta 30 can be used by any software conponent 20 from any other tier,
ner rigr 89 ean bg gsed by any softwade sempasent|20 fromeany piheritics meking tipn A0 yelptionshipspr act i ce
it is likely that certain software conponents 20 will prinmari l'{l be used
by cedftlitlininporancesUowevgr. dn poatirsrivistlikelyohat certain safvarcegomponents)d0gwill] each of
present invention's tiers 30 nay interface with one or nore other tiers
30 uspringaridgnbe usedshyf cetain pthetheftivermcampdnents Bbr descri bed and cl ai med herein.
By way of
As illustrated in Fig. 1, each of present invention’s tiers 30 may interface with one or more
other tiers 30 using an interface mechanism as further described and claimed herein. By way of
example and not limitation, in one embodiment of the present invention, the present invention’s
design methodology specifies a predetermined, initial number of tiers 30 comprising Base tier 1000.
. Base tier 1000 software components 20 may then be used to create software components 20 and
other tiers 30, by way of example and not limitation such as Messaging tier 2000, Business Object
tier 3000, Real-Time Device tier 4000, Data tier 5000, Processing tier 6000, Visual tier 7000,
Template tier 8000, Business Rules tier 9000, Wizards tier 10000, Testing tier 11000, Interceptor
tier 12000, and Application tier 13000. Other tiers 30 may also be created, such as by way of

example and not lirnitation Plotting tier 30.



exanple and not limtation, in one enbodi nent of the present invention,
the present invention's design nmethodol ogy specifies a predeterniriell 7004
initial nunmber of tiers 30 conprising Base tier 1000. Base tier 1000

sof tware conmponents 20 nmay then be used to create software conponents 20
and other tiers 30, by way of exanple and not [imtation such as

Messagi ngvd 0188602000, Busi ness Object tier 3000, Reabciiusmesfdesi ce tier
4000, Data tier 5000, Processing tier 6000, Visual tier 7000, Tenplate
tier 8000, Business Rules tier 9000, Wzards tier 10000, Testing tier
11000, Interceptor tier 12000, and Application tier 13000. O her tiers 30
may al so be created, such as by Wa% of exanple and not limtation
Plotting tier 30. 2 9 JUL 2004 WO Y1/ 48603 PCT/ U500/ 35466 17 Referri ng

Fi 7, B i 000 b . Fde. [ nLhi basi
Techani smeReEGHnE T e Fish Hiee b TR0y pEPRRA o pirvigR i gttt o0 ©
B ' 1000, sof t t 0, f tajl bl initial buildi
bl ook o FUPIETRHaR SLERLcRdPS 156 RFIATEN euocsmeth Poes e 0B seffuars fompofines ' "
1000 conprises GP Collection 1100, which provi desﬁg rr&)}god, fgr col | ecting
sof t wa? EPrmalombleninitiabbpilding blocks ferqibyr soffyar compranents 70 and st bersdis ¢ war e

conponents_which are normal |y aggregated into other software conponents
20:; GPConrfRast itish10090®mpripes lesjion 400, yehich pmaviges @ methofbtor icplecng ¢ war e
conponents 20 as sources or sinks of information, where source and sink
have sdftvarecomponentss20; SEBesei 136Q) whishsontaipe seyoral softwgeecomaensnis which#sp,  whi ch
provides the nessage-based, asynchronous behavior; and GPDevice 1500,
whi_c h npmoily dggsegatet Hutd Stifep softwaomtampiohdntsg20i &PiCounectianPt390] which arvidenO0 al | ows
aq@essing a group of data itens, e.g. a set of oil well data curves. In a
pret emetddefiohomnenting softBaaompartents 30 aslsb0esow sipks of duformstipm dehereisourcenabl e
access to and nmmintenance of a data set and is an inplenentation of a COM
col | eatd sk Hawé the fn@artngs iasddseiibed hereinl bélew; GREvenHaduber 408 which provides thd | owi ng
iteration through software conponents 20 in a collection.
message-based, asynchronous behavior; and GPDevice 1500, which provides methods for
controlling devices.
GPCollection 1100 allows accessing a group of data items, .g. a set of oil well data curves.
In a preferred embodiment, GPCollection 1100 comprises methods that enable access to and
maintenance of a data set and is an implementation of a COM collection interface, including
determining the number of and allowing iteration through software components 20 in a collection.
. In the preferred embodiment, these methods provide access to a specific item by its ordinal position
in a collection as well as by one or more of a predetermined type of identifier, ¢.g. a name.
GPBase 1200 supports software components 20 that are usg.d by most other software
components 20, for example, to get or set the time and date as well as assignment of a predetermined
category characteristic to a software component 20, The category characteristic property may allow
getting or setting descriptive information about a software component 20, including the registered

number (CLSID) of software component 20 and a “type characteristic™ of a software component 20



In the preferred enbodi ment, these nethods provide access to a spel:g pgz
itemby its ordinal position in a collection as well as by one or m‘J qy#
a predeterm ned type of identifier, e.g. a nane. GPBase 1200 supports

sof tware conponents 20 that are used by nost other software conponents
20, for exanple, to get or set the tinme and date as well as assignnent of
a predet avoninrems category characteristic to a softwarerusmpseent 20. The
category characteristic property may allow getting or setting descriptive
i nformati on about a software conponent 20, including the registered

nunber (CLSID) of software conponent 20 and a "type characteristic" of a
sof tware conponent 20 29JUL2004 01/ 48603 PCT/ USOO /35466 0 0 18 where
type characteri stics may be different for different software conponents 20

For SIS AT P SRR S S g 7
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invoking the interface (called the "source") and the software corrponent 20
i npl e MRYRE YRS of hewrve” of eRerasclsr-(cal | ed the "si nk"). A "connection point" is

the interface exposed by the source. 0S connection point, a
source al |63@°r@n@oeﬂ3%male@pm§0w@yswmﬁb%\ﬂwww Reurdssordby  sour ce.
In the present invention, one or nore GPConnection 1300 net hods al | ow
passa@@ﬂfomwmlbpmm%a@mwfwm@SWW%HWFS%“W hose in
t software programmng arts, fromthe sink to the source. This

i nPer finvoking theyintteiece: (alleddhe Psoumt™ and:the software cemponeitrd0 implemsntingethe at i on of
a set

interface (called the “sink™). A “connection point” is the interface exposed by the source. By
exposing a connection point, a source allows one or more sinks to establish connections to that
source.

In the present invention, one or more GPConnection 1300 methods allow passage of an

interface, as that term is readily understood by those in the software programming arts, from the sink

E

to the source. This interface provides the source with access to the sink’s implementation of a set
of member functions. For example, to fire an event implemented by the sink, the source can call the
. appropriate method of the sink’s implementation. In the currently preferred embodiment, only
GCMessage 1340 (not shown in the Figures), comprising a message that can contain anything from
a text string to a pointer to a large amount of data, can be sent between the sink and the source.
GPConnection 1300 comprises one or more interfaces to enable sending and receiving events _
or information to another software component 20. In the preferred embodiment, a designer must

aggregate a connection source interface into any software component 20 that neexs to send events



of menber functions. For exanple, to fire an event inplenented by the
sink, the source can call the appropriate nethod of the sink's ;QJUL2m4

i npl ementation. In the currently preferred enbodi nent, only ssage
1340 (not shown in the Figures), conprising a nessage that can contain
anything from a text string to a pointer to a | arge anount of data, can
be sent kwdoaeest he sink and the source. GPConnecti ORCT/SHOBs460NPr i Ses one
or nore interfaces to enable sending and receiving events or information
to anot her software conponent 20. In the preferred enbodi nent, a designer
must aggregate a connection source interface into any software conponent
20 that needs to send events 2 9 Jul 2004 WO 01/48603 PCT/ USQO /35466 19
or information to anot her softmarégconponent 20, e.g. a nessage, or that
needs tq support sink _interfaces. GPEventHand|e 14 execut.e

pr evi%BH¥pRna 5@%@8&%@&#&8@@%‘&%&# messhgey Wifgq%.ﬂffmgsﬂ?i cations
built on top of the framework 40. G PEvent Handl er 1400 conpri ses

i nt eriMBEEs-t hat support event processing, including event-handling
services capabl e of handling synchronous or asynchronous events, thread
pool ser vﬁggpn&mdhmmvm@ewonﬂy fegistered allbacks betweena frpewark40d e ads:  and
met hods to provide cal | back processing on an event and to track which

cal | izaplicaticns builtawitep of theiframewadadli| GPREyngiandiss i409comprites intqriaess that| | back
handl es only one nmessage type, and an interface is used inside the event
hand|sepporteevent pokcessingcincloding aoidmndling servigestapabisiofi handling aynshirousior nessage
types. GPDevice 1500 all ows comruni cation with hardware devices. GPDevice
1500 asymriubh@s evenisntheend paxk serticss py manipbiate and nadrainmpresetinomberof tredds; r om

h ware devices as well as interfaces to et an event handl er send

| NT"Or 458 ieiBdsab proVide talbhekPtocksiing ofl anévest andRetack witich aallbacksardsegisred Messagi ng
Ti er 2000 software conponents 20 convey information, in the form of other
sof t Wa hhdeOMIENB&ESRe HPesUch as business software conponents 20, to a

Each callback handles only one message type, and an interface is used inside the event
handler to track which callbacks are registered to handle which message types.

GPDevice 1500 allows communication with hardware devices. GPDevice 1500 comprises
interfaces to provide for communication to and from hardware devices as well as interfaces to let an
event handler send information 61' events back to a device.

Referring now to Fig.8, Messaging Tier 2000 software components 20 convey information,

. in the form of other software components 20 such as business software components 20, to a
recipient. For example, in the preferred embodiment messaging software components 20 control
asynchronous message queuing and notification. Messaging Tier 2000 comprises three packages:
GPMessage 2100, that handles message generation; GPMessageQueue 2200, that handles message
queuing; and GPRouter 2300, that handles message routing.

GPMessage 2100 adds interfaces that support message generation for different types of

messages, including interfaces to manage the message data or information and to specify the



reci pient. For exanple, in the preferred enbodi nent nmessagi ng sgggﬂ[%m
conponents 20 control asynchronous nessage queui ng and notific ;
Messagi ng Tier 2000 conprises three packages: GPMessage 2100, that

handl es nmessage generation; GPMessageQueue 2200, that handl es nessage
gueui ng; and GPRouter 2300, that handl es nmessage nuting.. GPMessage 2100
adds i ntevd@mem3t hat support nmessage generation for 8CT/iswesise t ypes of
nmessages, including interfaces to manage the nessage data or infornmation
and to specify the 2 9 JUL 2004 WO 01/48603 PCT/ USO 0/ 35466 20 software
conponent 20 that will receive the nessage, for exanple, a software
conponent's 20 sink interface. Additionally, GPMessage 2100 nay provide
interfaces to provide a set or colfection of destination software

conpaonents 20, f xampl e .nultiple spftware copponent 20 .si.nk i nterfaces
na SRS ceairengnh 2 ST e e plitesofoL AP Gofan sy S Pk e
enmbodi nent , )Messa 2100 . is the standard i nformation cket, i.e., the
body "Hfr}?'lcﬁe‘a‘%g@ﬂ'@%?}%?a&? 2@0é‘?f‘ylp 13§V PME‘QF‘”W&F shown in
the Figures) to the body _of the nessage and aggregates | CGCl'ype 1230 to
i den#%%waqqqéo SRyRPaREsw20, fos £xatpple mplyp smmm@an@&%ﬂmmwf he
interface that specifies a destination software conponent 20 supports

ei t h@Rd/ey ta Ronsain infermatien A ASPICHICUPYes as wel | as stores tining
information for routing analysis. These include support for nessage
routing tB toprefered enhodinrat, (GPMesehge 210944 the ssndardrinformation pgeke hieule i nter f ace
accepts nessages and queues them asynchronously as well as notifies

r egi dody efdheurnessage.containg aeiliskedvat 1 30himtegface (aot shawndn the Rigures) totheipdyl. GPRout er
2 deci des whether to send a nessage asynchronously via a nessage queue

or  of thelmessageisid\agpregetea IGCT ypetl 2300t lideotifyitiecomessagk typend conpri ses an
I nterface that exam nes the route a nessage can take to reach its
dest i nat i Barther dn defrefetied anbodimadnh ahe imerfaes chat fpecifies s algainationesoftivaret 0 t he
sink or send it to the nessage queue to be routed asynchronously.
component 20 supports either sink or message queue interfaces as well as stores timing information
for routing analysis. These include support for message routing to one or more service destinations.
The message quene interface accepts messages and queues them asynchronously as well as notifies
registered users of a queue that the queue contents have changed.
GPRouter 2300 decides whether to send a message asynchronously via a message queue or
synchronously via a direct call on the sink, and comprises an interface that examines the route a
. message can take to reach its destination and determines whether to send the message directly to the
sink or send it to the message queue to be routed asynchronously.
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, encapsulating the attributes

and methods of a common business entity, such as a well, log, sensor, or bed.



Referring nowto Fig. 9, in a preferred enbodi nent, Business Object tier
3000 specifies base interfaces used to create business softwarel 3 JUL 2004
conponents 20. In the prefered enbodi nent, business software conponents
20 provide storage for and access to information, encapsul ating the
attributes and nethods of a common business entity, such as a well, |og,
sensor, ovod@meso32 9 JUL 2004 WO 01/48603 PCT/ USO0/ 38aB6se02s66 Thus, a
busi ness software conponent 20 nmay represent real -world business data,
such as a well, log, ganma ray neasurenent, resistivity neasurenent, job,
run, pass, sensor, STAR tool, fracture, fault, bed, bedding surface, or
borehol e. Busi ness software conmpongnts 20 contain many attributes and
met hods used to access the data b contain little additional behavior.
rather 1t Naful b ulifesl B dhbnpdrddfi B35 Hrfiod FARGEAL bilihBssdbra izt 455

onents an reate a“static

sof tware conp usi ness software conponent
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twar e

conmponents 20 are defined external to the pusi.nes saof t ware conponents 20
in BUWQ%WWW?W%L%CPW%&E%Bg@?&FP%re conmponents 20

to be maintai ned seParateI fromthe rules defjning their rel atjonships.
Thi ol 0 Hes emgy tasdst #He PRspble dmaritions ot HSEes SHELHAST FPRSBEAL
sof tware conponents 20. For exanple, business rules y.allow a set of
busi naskereptsta sitie businaspiisesomgonept |edel 3l inthe QFM/P;EP%“’% PSRERF nodel 31.
I new busi ness software conponent 20 is defined, a sinple O update to
a T ul eftwaee eomperenisolfl bava el ssperalized gellegliqnainterace usesl ecalieat ioffist businedte| |
Therefore, business rules could be updated to allow the new business
sof t weaftwarnemponents 200 Valid types aEbnsinpsa seftwapg qompeseats 28 thatgan be coliseled bY31,  and
none of the existing business software conponents 20 woul d need to be
changéut associated with) other business software components 20 are defined external to the business
software components 20 in Business Rules tier 9000. This allows business software components 20
to be maintained separately from the rules defining their relationships. This also lets the
relationships change without changing business software components 20.
For example, business rules may allow a sct of business software components 20 to be
associated with a defined model 31. If a new business softwarc component 20 is defined, a simple
. update to a rules database would allow its associations to be defined as well. Therefore, business
rules could be updated to allow the new business software component 20 to be associated with the
existing model 31, and none of the existing business software components 20 would need to be
changed or rebuilt,
By building meaningful associations of business software components 20, software

components 20 model real-world business needs. Using business software components 20 as “black-



By buil di ng neani ngful associ ati ons of business software conponents 20,
sof tware conponents 20 nodel real -worl dbusi ness needs. Using bug%qgaﬁ
sof tware conmponents 20 as "black 2 9 JUL 2004 WO 01/ 48603 PCT/ US &4
22 box" data containers, software conponents 20 can inplenent additi onal
behavior to visually render, analyze, or nodify nodel 31. Referring now
to Fig. WDoaepositi on software conponents, sone buBCTIEE3S6F t war e
conponents 20 nay be "conpositions,"” business software conponents 20 that
have attributes that are other business software conponents 20. In the
case of conpositions, a conposite business software conponent 20 is
static - the relationship between £ysiness sof tware conponent 20 and the
attribute software conponent 20 is not an association enforcedb y business

| ; ; .. " _. !
U €Sy CHIROS ST o RO BRI IR i rafech S PR

rel at1 onshi p between so nts 20; way of exanpl e ‘and not
limtaLi | gdign?; | ary enbodi ment for an oil well, conposite business
softmgltrajgg%]gﬂ%on n %%ed 3010 conprises a "top GCBeddi ngSurface 3011
and botto §$Beddin rtace 3012 These surfac oftware. C nents 20
are a cri {Rle(f: ST t(g& e?fmfgm%@ mlrﬁwar.et(f?ﬁpo é%’% “?%Bnér?\)g?%gccuratel y
be defined w.thout them . Therefare CBed 3010 |s.a ., CO site business
o { WOt RIDTEAYoe SEPRTRIFIRRYET PRORS 1OLAE CEonaEs #) it hete shaBtts Gt

GCBeddi nqSuy f aces 3011, which_are thense| ves hysi ness sof tware conmponents
20, NP REIGE DYSgSe EH A SomPRRFRA 2l 1Brte Aoy plsPoutians ¥ GRRROSKO RIS 20 ¢ o
access .t he conposite business software conponents 20. Conpgsite business

s ot WEATRYREEGATIBANERZ) istatis rtheelptionsipheipe Ristoss SRS HTARBL SBH i o

o onent 20 is created It is therefore the responsibility, of the system
desi gffibutegofyasegompapant 20ismat prassocistionepforced byhpsiaess Ailes. CompasitionsIBa¥yr i se each
conposi te business software conponent 20 and set theminto the conposite

sof t wee wed whendhers is aftyholerfo-paré’ plaiignalip betweanisolivare pampanprin2s by warefs

sof tware conponents 20 are retrieved froma persistent store, conposite
busi nexamplecfnd\pet dmitation, 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 surface software components 20 are a critical part of GCBed 3010
in that GCBed 3010 cannot accurately be defined without them. Therefore, GCBed 3010 is a
composite business software component 20 further comprising two attributes, GCBeddingSurfaces
3011, which are themselves business software components 20. Methods may then be provided on
. a business software component 20 to access the composite business software components 20.

Composite business software components 20 are not created when a new business software
component 20 is created. It is therefore the responsibility of the system designer to create any
business software components 20 that comprise each composite business software component 20 and
set them into the composite software component 20. In the preferred embodiment, when business
software components 20 are retrieved from a persistent store, composite business software

components 20 are automatically retrieved.



conponents 20 are automatically retrieved. 2 9 JUL 2004 0 WO 01/48603
PCT/ USO0/ 35466 23 Every business software conponent 20 has a buz%yagf 004
sof tware conmponent interface to support access to the encapsul at ;.
Busi ness software conponents 20 are inplenented as standard dual

I nterface COM conponents, neaning they support both I Unknown 1302

I nterfacavon@edad for | anguages that support early bronusgssweh as C+,
and | D spatch 1303 needed by | anguages that support late binding |like

Vi sual Basic. Business software conponents 20 may be designed and tested
to be used with either interface or both interfaces which allows themto
be used in nultiple container typeg supported by, for exanple, C++,

Vi sual Basic, Java, scripting | anguages, or Wb Browser autonation, or

any combi ng9bulifiRs $8fward Porlink 20 Med £ bidiRsS{AVAR Suipbhént RitbabABeS, Ot her

standard inteffaces nmay exi st on business software conponents 20, sone of

whi Chﬂ%ﬁﬁ%(osrp%&md ﬁ’aQ?Jtmcea { QUG SBJsﬁQs‘éis&E\g?-e E&ﬁqa%ﬂﬁé Gre imbiSBfiGifas SOf tWar e

conmpo are o central to an a I cati on and need to be accessed

by othgf, fdw@ﬂtsmse;qmmg&me&? n'aeamﬁgg;g; 9%@?% p&gmﬁ&ndhﬁﬁ% there is

usual | y a !JSI ness So re co_mjonen _ pe as we_ a_s sone
busi neleid bt B CRuOHERTC ol S ROTE /o iR B cRbdely MR
my. pr BORRE Sabspaon BALbinGre Tk ekl e dpe dotye Bt R, %
eau e e P e ARG SER e oF SR DU PR E Bmponent s
@es sor ol e, Comenents 20 280081 SN LB LSEA! 1 DUt s
or Web Browser automation, or any combination thereof.

In addition to the standard COM interfaces, other standard interfaces may exist on business
software components 20, some of which may be optional and others required. Forexample, business
software components 20 are often central to an application and need to be accessed by other software
components 20 in numerous tiers 30. Therefore, there is usually a business software component 20
interface as weil as some additional interfaces present in a present invention application. However,
business software components 20 do not usually need to access many other software components 20.

Referring back to Fig. 9, additional interfaces may provide a base level of functionality for
ali business software components 20. All business software components 20 support the following
required interfaces: IGCAssociations 3110, that lets software components 20 have other software
components 20 associated with them; IGCAttributes 3140, that lets users of business software
components 20 determine persistable attribute names of business software components 20, e.g.
allowing persistable attribute names to be written to a data store and retrieved at a future time;

IGCObject 3130, that allows for dumping the contents of software components 20; IGCParents 3120,



conponents 20 determ ne persistabl e attribute nanmes of business software
conponents 20, e.g. allow ng persistable attribute nanes to be qu‘i{ffﬂﬁg
a data store and retrieved at a future tine; |GChject 3130, tha 8
for dunping the contents of software conmponents 20; |QCCParents 3120, 2 9
JUL 2004 WD 01/48603 PCT/USO 0/ 35466 24 that lets software conmponents 20
est abl i sSW@NAs6Ri nt ai n hi erarchi cal rel ationshi ps w PET/BYRE¥66 sof t war e
conponents 20; |1GC ype 1230; and | PersistStream 101, a standard

M crosoft COM interface. In addition, all business software conponents 20
provi de a standard, unique ID (G D). In addition, software conponents 20
can use these interfaces to inplemgnt new behavior. For exanple, rather
than witing a routine to traverse a nodel 31 |ooking for every possible

busi N Sets S6MwIE OIS 126 tstailidh iaRd SlalmRES hieRindhitaP fidtidfthips GAth dtha@ver se the
nodel 31 by programmatically obtaining | GCType 1230 from each software
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this traversal may be to 'use a tenplate iterator class to facilitate
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associations.

Business Object tier 3000 software components are easily extensible. Because business
software components 20 are COM components designed to have no dependencies, new attributes
and behavior can readily be added to one business software component 20 or to all business software
components 20 with little or no modification to existing code.

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 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 used only when



GPBLOB 3200 provides interfaces that supply information about |arge
anounts of binary data stored in business software conponents 20.2 Subik b4
i nterfaces are optional and used only when 2 9 JUL 2004 WO 01/ 48603
PCT/1S00 /35466 25 the nunber of instances of a business software
conponent 20 is very |large. For exanple, a group of |ogging neasurenents
coul d bewmhl4gdsed i nto a GPBLOB 3200 descri bing a sBEVP¥W3®Es6 a wel | | og.
As is well understood by those of ordinary stall in the programming arts,
"BLOB" is an acronymfor binary |large object. Referring nowto Fig. 11,
Real Tinme Device tier 4000 supports comruni cation with and event handling
for a real-tinme device, such as frem a down-hole | ogging tool to a
conputer on a truck. Real Tine Device tier4000 that allow a device to

C oMM riugiber ofiiiistancdsioé n busimesesofteate sarhponent 20 isceryiange nFes eanpld, Agioupli ng
interfaces to provide nethods for allowing a user to register a real-tine
devi Gelogkihfmenekinesits oaid belcolisetedin AGPBLRME 3200 deacribinga seasiofrofa welllog. Dat a ti er
5000 provi des data persistence services for business software conponents
20. Datidwdll @idersd@Pbyah&e ofirdiMiry 6811 AN BSrintmid g hrés, “BYOB! if dnacrob@dfbr conpr i ses:
GPPersist 5100, that lets data be witten to and read froma data source,
and gggymh%gg-ggs 5200, that provides access to specific types of data. O
In a preferred enbodi nent, GPDataAccess 5200 conpri ses: GPDat aPor mat

52100, t hadbferfiz QUiv6 Fig) 15 HEGR Bime Tevite tibk D00 RPREYE codbmpREtdnSiitnme for a
specific dafa Eornat;zQGﬁDataService 52200, used to build software

co ”pﬁégi%ﬁ}ehﬁq%ﬁs Edg gwﬁtn% @vicé, $ichQk fbRG dWALIRE 3R (halItH 8 témpitaiohabl e;

Gﬂ at establishes the requitements for information a
o 0, A RAIBcefr AR SR APl A St ! 52400,
e ok S TR DL e S i i ctgser |
provi c%%lspoge%ﬁazoi, i(Ijlc Q&llllé %tc%qages to provide methods for allowing a user to register a real-time
device with another real-time device.

Referring now to Fig. 12, Data tier 5000 provides data persistence services for business
software components 20. Data tier 5000 also provides access to data. Data tier 5000 comprises:
GPPersist 5100, that lets data be written to and read from a data source, and GPDataAccess 5200,
that provides access to specific types of data.

In a preferred embodiment, GPDataAccess 5200 comprises: GPDataFormat 52100, that
. provides business software component 20 persistence for a specific data format; GPDataService

52200, used to build software components 20 that hold a list of registered data formats available;
GPWindowedIO 52300, that establishes the requirements for information a software component 20
is retrieving from a data service; GPDatalO 52400, used for low-level hardware device (¢.g. diskand
tape) input/output (“I/O”) access; GPUnitsConverter() 52500, used for data conversion from one

measurement system to another; and GPDataDictionary 52600, that provides data ideatity and



2 9 JUL 2004 WD 01/48603 PCT/ USOOP35466 26 nam ng conventions for
information retrieved froma data file. It is inportant to note Zradll X84
exenplified by GPDat aAccess 5200, a feature of the present invention's
architecture allows a package such as GPDat aAccess 200 to conprise other
packages such as G PDat aFormat 52110. In a preferred enbodi nent,

GPDat aFomwp 0188080 provi des busi ness software conponeRCT/BE/3PEF si st ence to
a format known by a specific data-format software conponent 20 and
conprises an interface to support business software conponent 20
persistence for a particular file format to allow generic nessage
handlers to call specific functionggas well as an interface to provide
standard nessaging for sending and receiving by business software

conpongiing céfventichs fbrCinforBitRn Tfeve HOROA BRI file. [1sBapatkiat el potergiat, 851210 i s
an interface that nust be inplenented for a data format software
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software component 20, and comprises the properties that allow manipulation of devices and data

according to a predetermined format. In the preferred embodiment, IGCBaseDataFormat 51210
comprises IGCDataFormat 52120 that must be aggregated for a data-format software component 20
to provide standard messaging for sending and receiving by business software components 20.

In apreferred embodiment, GPDataService 52200 may be used to build software components
20 that hold a list of registered data formats available for read or write access.

In a preferred embodiment, GPWindowedIQ 52300 specifies the requirements for
information a software component 20 is retrieving from a data service. GPWindowedIO 52300
comprises IGCWindowedIO 52310 that specifies the requirements for information a software
component 20 is retrieving from a data service. In a cumently preferred embodiment,
IGCWindowedIO 52310 comprises: OffsetFromCurrent 52311, this windowed /O interval’s offset

from the main set's current working level data, if any; TopOffset 52312, the interval’s top offsetin



WO 01/ 48603 PCTI USOQ 35466 1 27 levels fromits current working |evel;
Bott onf f set 52313, the interval's bottom offsetin Ievels fror@ 3iif 2004
current working level; Increment 52314, the level spacing to return in the
given interval; ResanpleType 52315, describes the actions to perform when
a level spacing of data sets does not match; TopBoundType 52316,

i ndi cat esvoWiassohappens to t he data above the current poryusdonsisd evel , e.g.
when a curve interval is iterated off the begi nning/end of the data or
over a NULL val ue; BottonBoundType 52317, indicates what happens to the
data bel ow the current working level, e.g. when a curve interval is
iterated of f the begi nning/end of fie data or over a NULL val ue; DataType

52318, the returned data type; AccessType 52319, e.g. either random or
_SeqUeﬂ%lﬁ’mm&twbﬁnﬁlm{eﬁﬁsﬁﬁﬁﬁfs@m@@ﬁ K terval®E hiton dset RridWefa fiomeci f i es
interfaces for |owlevel device (e.g., disk and tape) 10 access,
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from one neasureffent systemto anot er Dat aDi ctlonary 52600

conpr j I I nd nam n
cogeelral'%"%ﬁ1 55?%?%%% retri (reb\t?g oerl#alt%i %%lgﬁ&ﬁada{ﬂgg%)rﬁl lfrjllg now tog
Fig. nt 000 need
to have ﬁ‘no ﬁaunﬁl‘gpersgg"g@? nd?aégWE%ﬁ%g%@m ngw%l ere%%“'ﬁ%h{wm%hgf n"ged to be
able to aLcess busj sof e e hro sof t war e
corrpoﬁ@‘n‘f’ S FrRERaLE et SELE rEBPREE of g sple (rufele RYLLIARS:

I nstantiatjon_and tra{ of a ocess f Qcess m) el I ncl udi ng
al gor igf 3@39 Pﬁ“é W‘tﬂé@\i’/ﬁg #)BFF%\X@% @i‘ﬁg' defi ned
b GPPr ocessi ngOhj,ect 6 ed interfa 0 tier
6000 @’Bﬁ&)”rqué‘@ém@lﬁrm%‘@tf%h%m@‘r é%’qaﬂé’ Wﬁ%&’@@'@’ﬁﬁé erface;
GPPr ocessi ngCorrponent 6200, handl es the t, é)o rocessahac%essoftware
conponeHEsthowtumedidata sypg: and dsaessType 52319, c.g. cithc

In a preferred embodiment, GPDatalO 52400 specifies interfaces for Tow-level device (e.g.,

disk and tape) /O access, GPUnitsConverter 52500 comprises interfaces used for data conversion
from one measurement system to another, and GPDataDictionary 52600 comprises interfaces for
components that provide data identity and naming conventions for information retrieved from adata
file. .

Referring now to Fig. 13 ;software components 20 associated with Processing tier 6000 need
to have interfaces specified by Processing tier 6000 but also need to be able to access business
software components 20 through business software component 20 interfaces. Processing tier 6000
provides for the instantiation and control of & process flow (or process model), including algorithmic
processing. Algorithmic processing follows patterns defined by GPProcessingObject 6200 with
required interfaces.

Processing tier 6000 comprises: GPProcessor 6100, defines the main processing interface;

GPProcessingComponent 6200, handles the types of processing software components 20 that



WO 01/ 48603 PCT/ US00/ 35466 28 GPProcessor 6100 under st ands;
GPHi st or yMbdel 6300; GPProcessi ngMbdel 6400; and GPProcessi ngCRlnfifit jomn
6500. Additionally, Processing tier 6000 aggregates | GCAttri butes 3140,

| GCObj ect 3130, | GCParents 3120, and | GCAssociations 3110. As used
herein, connection conponents are understood to be connections between an
out put ofwomnsisgsocessi ng object to the input of anotbwusgwsseessi ng obj ect
that additionally validated that the output is conpatible with the input.
0O GPProcessor 6100 is the main interface to Processing tier 6000 and
handl es all external communications, including managi ng process conponents
along with their inputs, outputs, ogoar aneters, and how they are

i nterconnected. This allows gl obal “setup of paraneters and I/O conponents

for acppRekss:: 61067 Bharasaa" @P@su}:ﬁ%ﬁd& %@f%?ﬁ%%ﬂ@%e g 20

communicate with a pr OCE§S, I nc InNg sortware co rom one
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dat o SRRIEN e BERlood b o BBpBRb Foors b St OSBRI 6150 1o
and S BT S EoRRORLRI L ey FRHEE G bt B uoer can-
drop a query on | GCProcessor 6110, and | GCPntessor 6110 wll nodify the

quer v mat ch the 110 requirenents of software conponents 20 in process
| 31. 1 GCProcessor 6110 al so allows process software conponents 20 to

be added t@FEspcsesas&100de the maim interfacectn Fegeessing fise 6900 and handleseall ¢x war e
conponents 20 in nodel 31 for validity. In addition, 29 JUL 2004 WO
01/ 48sEmmmicptionsOincludingomanaging process components along with their inputs, outputs,
parameters, and how they are interconnected. This allows global setup of parameters and /O
components for a process. GPProcessor 6100 lets a client software component 20 communicate with

a process, including software components 20 from one tier 30 to communicate with software
components 20 of another tier 30.

In a preferred embodiment, GPProcessor 6100 tracks the requirements of filters in a
processing model 31, modifies queries and windowedIO parameters to satisfy these requirements,
monitors/optimizes the flow of data through a model 31, and performs other functions as required
to manage the process flow. GPProcessor 6100 comprises IGCProcessor 6110 to manage external
communications for a process model 31, including starting and stopping the process and modifying
model 31. For example, a user can drop a query on IGCProcessor 6110, and IGCProcessor 6110
will modify the query to match the I/O requirements of software combonents 20 in process model
31. IGCProcessor 6110 also allows process software components 20 to be added to process model

31 and checks connections between software components 20 in model 31 for validity. In addition,



29 outputs that are connected to sinks, i.e. persisted, are tracked and
process nodel 31 that produced the output is attached as a histquJﬁpﬁwx
on the business software conponent 20 itself. In the preferred

enbodi nment, | GCProcessor 6110 hol ds an abstract l|ist of inputs, outputs,
and paraneters required by processing software conponents 20.

GPPr ocesawmgydsgosect 6200 defines the types of processcngsmoidssar e
conponents 20 that the rmain processor GPProcessor 6100 understands,
including filters, synchronization software 0O conponents 20, sources,

si nks, and graphical software conponents 20. In a preferred enbodi nent,
processi ng software conponents 20 )y || have separate interfaces to all ow
setup of the inputs (connections)) outputs (connections), and paraneters
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I nvoked gat store the nane of tzﬂe |nput (e.g., that can be used in the

cal cUPAHEdPY RIOFTSEng soffitirs 9OmPPREGR 20 sof t war e conmponent 20 it supports, and
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Additionally, GPProcessi n&ilaj ect 6200 corrprl ses | ar apet er Gbj ect 6250,
1ARF roqegsoryfil

| GCAt Bpip phRFPEessos ndesstands, ineluding diltess, synsfronzation) 9fW&Eoc at i ons
Ba interfaces. In the preferred enbodi nent, | GCPr ocessi ngCObj ect Manager
6200 $OInPORRNISZIngenrees, inks sdemphicyl seftwar compereats 2Pl aperiesd ew nents 20

aggregate, and maintains the state nmachine which 2 9 J UL 2004 0 WO
01/ 48msmr$qﬂ$@(y gmapegents 20 will have separate interfaces to allow setup of the inputs

(connections), outputs (connections), and parameters (connections and constants), such as by way
of example and not limitation tabs on a visual display page.

GPProcessingObject 6200 comprises: IGCProcessingObjectManager 6210, a common
interface that all processing software components 20 aggregate. Additionally, GPProcessingObject
6200 comprises interfaces that must be inherited to ensure that the user software component 20
implements a predetenmined set of methods when invoked, that store the name of the input (e.g., that
can be used in the calculate function) and the type of software component 20 it supports, and that
store the name of the output (e.g., that can be used in the calculate function) and the type of goﬁwate
component 20 it supports. Additionally, GPProcessingObject 6200 comprises IGCParameterObject
6250, IGCAttributes 3140, IGCObject 3130, IGCParents 3120, and IGCAssociations 3110
interfaces.

In the preferred embodiment, IGCProcessingObjectManager 6210 is the common interface

that all processing software components 20 aggregate, and maintains the state machine which



30 determ nes when a software conponent 20 is ready to fire a
predeterm ned nethod and when it is ready to send data out.

| GCPr ocessi ngObj ect Manager 6210 i s dependent on IGCBaseProcessi%%éH}ggg
6220, a base processing software conponent 20 interface that nust be

I nherited to ensure that the user software conponent 20 inplenents a

pr edet er mvaewdsfainct i on when invoked. | GO nput Obj ect PCOABB/I8466r es t he nane
of the input and the type of software conmponent 20 it supports.

| GO nput Obj ect 6230 can be added to both a connection and a processing
software conponent 20 in nodel 31 . Wndowedl /O paraneter conponents and
range val i dation conponents can bes@dded to software conponents 20 to
further describe input characteristics. In a preferred enbodi nent,
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to both a connec n a processSing sortware
conponent . in model., 31. W ndowed |/ araneter _software.c onent 20 can
be. haadher 6 pieRn i e et olblrs epworn e RTER e B R WA | 1O
preferred, epbodi nent, | GCParanet er Obj ect 6250 defines an acceptabl e input
par amet®P®%he paraneter can change like an input value but can al so be
set to a constant_val ue, | ar amet er Qbj ect, . 6250 ¢ be added both a
copgnecti on mwlﬁ%gmﬁm%%‘“WF%‘P’PFQ”%%%?WB%%@em 20
[ del 31. W.ndowed I/Oqggararret er conponents and range val é&gtion
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characteristics. 2 9 JUL 2004 WD 01148603 PCTI USOO 35466, 31
component 20 in model 31. Windowed /O parameter components and range validation components

can be added to software components 20 to further describe input characteristics.

In a preferred embodiment, IGCInputObject 6240 is a business software component 20 and
therefore includes the required business software component 20 interfaces. IGCInputObject 6240
interface also aggregates IGCType 1230 and IGCConnectionSink 1320. IGCOutputObject 6240
stores the name of the output and the type of software component 20 it supports. It can be added to
both a connection software component 20 and a processing software component 20 in model 31.
Windowed I/O parameter software component 20 can be added to it to further describe the output
characteristics.

In the preferred embodiment, IGCParameterObject 6250 defines an acceptable input
parameter. The parameter can change like an input value but can also be set to a constant value.
IGCParameterObject 6250 can be added to both a connection software component 20 and a
processing software component 20 in model 31. Windowed I/O parameter components and range

validation components can be added to it to further describe the parameter characteristics.



| GCPar anet er Qbj ect 6250 is a business software conponent 20 and therefore
I ncl udes the required business software conponent 20 interfaceﬁe£§d
aggregates | GC type 1230 and | GCConnectionSink 1320. | GCPara H@bﬂ@ﬁt
6250 al so aggregates GPH storyMddel 6300, GPProcessinghMdel 6400, and
GPPr ocessi ngConnectio n 6500. GPH storyMdde | 6300 stores a conplete
process mwael/4sgd and query nodel 31 that was requir @dTS084sEr at € sone
out put. For exanple, assuming a given input curve had sone history nodel
associated with it, one would have to query back into the input software
conponents 20 recursively to get a conplete history fromraw data of the
current software conponent 20. GRHi st oryModel 6300 stores a history of
how a software conponent 20 was generated. GPHi storyMbde | 6300 conpri ses

| GCH st Orxeiﬁﬂﬂmé%g%ecttdigo iaa%ﬁsht&é;(opgym%%&feﬁc% JRSRRRA inclbbes hged to save
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i nterfaces Pr si,pghbdel 6400 consi s f processj of t war e
conponent sGPfg‘;‘%&%@a#ﬁ@@ftf’%a C@Wwﬁfiﬁgﬁ?‘gﬂ“ﬁ ‘H%J@E%[ %'“fvfﬁ’sm a
specific processing flow GPProcessi ngMbdel 6400 can @& er.si sted and

r e_usEAUiraddP senerirome ofippt Rer prazipln ASSHRING # SR MPBCUpYe SRRREPT Y, story
at@chnments to output software conponents 20. GPProcessi nghvbdel 6400
conpr edsd assogigtetbvish isaneryanitipgve “meaFlﬁg‘%‘hﬁé@é‘E%WP@ﬂ‘gﬁ"F ng process

sof tware conponents 20, connections, and | GC Type 29 JUL 2004 WO 01/48603

PCT/ Usegsively 4% get3p compiete -hisiory fromorawodata of Hhecqyyrant; softyamcompprenh e sof t war e

conponent 20 for all processing software
GPHistoryModel 6300 stores a history of how a software component 20 was generated.

L€

GPHistoryModel 6300 comprises IGCHistoryModel 6310, the base history software component 20
used to save a complete history of the process (for example, algorithms and inputs) used to generate
an output software component 20. A user can add a process model 31 and a query model 31 to
IGCHistoryModel 6310 to save a history of how an output software component 20 was generated.
IGCHistoryModel 6310 is a business software component 20 and therefore includes the required
business software. component 20 interfaces and aggregates GPBase 1200 interfaces such as type,
data, and time interfaces.

GPProcessingModel 6400 consists of processing software components 20 and connection
software components 20 used to form a specific processing flow. GPProcessingModel 6400 can be
persisted and re-used, for example, with different input queries or stored with history attachments
to output software components 20. GPProcessingModsl 6400 comprises: IGCProcessingModel

6410, the process model comprising process software components 20, connections, and IGCType



conponents 20. | GCProcessi ngMbdel 6410 is a business software conponent
20 and can be persisted and re- used, for exanple, with dlfferentzlgwm{tmm
gqueries or stored as a history attachment to out put software conponents
20. 1 GCProcessi nglbject 6420 is a business software conponent 20 that can
represent any type of processing software conponents 20.

| GCPr ocesx0 np@insect 6420 hol ds an interface pointer tpoTiUB®/35486 0Ccessor to
which it is connected for data output. The state of the software
conmponents 20 is maintained for the length of a transaction.

GPPr ocessi ngConnecti on 6500 provi des connecti ons between processing
software conponents 20. There is e connection software conponent 20 in
the process nodel 31 for every in output, and paraneter that a

proce t connect ed
oo AR e PN RO0R0 e sl SR h%%iev 20 1kl DR pitoe DO

sheet r?g)o &o%qnect ed to a source and queried. In a currently preferred
embod ? ere will be one |GCProcessi ngConnection 6510 in a process

nodel 31 f ever ut ararret er. .t roc sj ng software
conponent ! 8‘%&]&*19&#8”?%%\%"%5?‘8 @@? ﬁ&'ﬁ ™®d. Qutputs
that are _not c nne are dead- ended. roces Connectlon 6510

par an‘égf‘gtf °E%FPP f)é"" ta‘?“%m*amtgmd% Em 1q QitRYE SPWFer t y
sheets, or, if not connect ed, they are queri ed | GCPr ocessi ngConnecti on

6510 ‘?°§“ %@h‘s%oness software conponent 20 and includes the business
softvvare conponent interfaces and aggregates | CClype 1230 and

nnec sRingGhiont 6428 igphusingsy paitwars copgoneail thas sanenrescat a_XAYRS | i ty. For
le, an 29 JUL2004 i WD 01/48603 PCT/ USCO /35466 33 input software
conpo?f@mceszmgéqﬂwomﬁmpw BelGGhrcaesingOhiset 6428hoids apinterfageointshiadhet ed to an

out put
processor to which it is connected for data output. The state of the software components 20 is

maintained for the length of a transaction.

GPProcessingConnection 6300 provides connections between processing software
components 20. There is one connection software component 20 in the process model 31 for every
input, output, and parameter that a processing software component 20 requires. Outputs that are not
connected are dead-ended. Parameters can be setup as constants, e.g. in a property sheet, or
connected to a source and queried.

. In a currently preferred embodiment, there will be one IGCProcessingConnection 6510 in
a process model 31 for every input, output, and parameter that a processing software component 20
requires. Inputs that are not connected are queried. Outputs that are not connected are dead-ended.
IGCProcessingConnection 6510 parameters can be set up as constants, for example in their property
sheets, or, if not connected, they are queried. IGCProcessingConnection 6510 1s abusiness software
component 20 and includes the business software component interfaces and aggregates IGCType

1230 and IGCConnectionSink 1320. A base type can be used for more flexibility. For example, an



conponent of type "GCG" and an input type of "GC&" can al so be 9 JUL 2004
connected to an output type of "GCCx" or "GCCy."

| GCPr ocessi ngConnect Condition 6520 interface serves as a connector

bet ween processing software conponents 20 but allows a conditional
expression that determ nes whether the processing branch continues. The
condi t i orvad 01580 War e conponent 20 hol ds the qualifyi egr/osmdss#ss on for the
connection. There can be nore than one condition for a connection, and
there can be nore than one condition per outgoing branch. In a preferred
enbodi nent, a "true" response indicates the processing branch is live.

| GCPr ocessi ngConnect Conditio 6520 j,s a busi ness software conponent 20 and
therefore includes the required busi ness software conponent 20

al'so g Ryl Bitbhed hots pSeteErbARRE RREL R G elnol! ' 28

| GCConnect i onSqur ¢, 0., Referring., d0 Fig, 14, \j ' 4000

provi d%?PaP“é‘b? oﬁc%%émﬁgﬁ}“pva&og‘c ' n%“@ﬁ%ef?ﬁnmuﬁﬁg&rﬁﬂﬁ&aqpreferred
enbodi %é, Vi, | ,tier 7000 architecture is based on a Mdel -Vi ew

Contr ol xd"ésé'é Ypattern. A Visual tier 7000 visual software component 20
conprises visual nopdel 7001 (i ge tified by | GCVi ewmvbdel 7210),.view 7002
(typi cal |y I9CFpeessingonpesiConditiop &EW\‘F'E s%&%ﬁ%"“f‘?ﬁﬂﬂ it SH¥d

| GCBaseVi ew 7120), and controller 7003 (identjified by |1GCViewController
7310) . Soffwar£PmBRRERt 26k allowsagqpditisnal exprpsiop BatdetsTniass WhsHS the RIOEEHiSect ed
using messagi ng such as from GPConnection 1300, GPMessage 2100, and

G?ﬁ enbppahgoatinugy Joe cenditiona oftyare epmppnsny 20 heldothe quatityepyeondition forthe,  oach

C have one or nore nmessage handl ers attached to provi de additi onal
behavi emnectigeli Tietsrean bemore thag guelcondiionferacomnsatinsnadtherensn bemere thaggienect | on
sink. Stock visual nodel 7001 and controller 7003 software conponents 20
are si penidition ged outgoing branch. In a preferred embodiment, a “true™ response indicates the
processing branch is live.
IGCProcessingConnectCondition 6520 is a business sofiware component 20 and therefore
includes the required business software component 20 interfaces. In addition,
IGCProcessingConnectCondition 6520 interface also aggregates IGCType 1230,
IGCConnectionSink 1320, and IGCConnectionSource 1310.
Referring now to Fig. 14, Visual tier 7000 provides display of and user interaction 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 controt which
exposes IGCView 7110 and IGCBascView 7120), and controller 7003 (identified by
IGCViewController 7310). Visual model 7001, view 7002, and controller 7003 are connected using

messaging such as from GPConnection 1300, GPMessage 2100, and GPEventHandler 1400, and



conprise event handi er, connection source, and connection sink interfaces.
Stock visual nodel 7001 and controller 7003 software conponents g? 3bff r
i n behavi or because they have different nmessage handlers attache 9 &@4
7002 are custom software conponents 20 (usually full ActiveX controls),
but they are simlar to visual nodels 7001 and controllers 7003 in views
7003 aggmvegen4@soB nt er f aces that inplenent stock vi ewPOBESMBBIEE | ncl udi ng
event and connection handlers. In a preferred enbodi nent, a visual

sof tware conmponent 20 or controller 7003 conprises a custom ActiveX
control for a view 7002 as well as stock visual nodel 7001 and controller
7003 software conponents 20. In %gpurrently preferred enbodi nent, visual
nodel 7001 and controller 7003 ar€ stock software conponents 20 whose

behavj ' LE 'n& ? Vi Qkal .. S . Vi ew
7003 'lfagﬁ%ahz%%gésﬁ%&%@&g%tggﬁé SO \%g%é 'éco;%pag%lgﬁnﬁns“%,} rbi}?&rl%%ﬁ 'res nore
attent.i Q 0 _custom ze havior. In acurrently preferred enbodi nent,

Vi sua\qs%&?@f“‘ﬁ?ﬁ'f?owté\?va fo’““&??ﬁ’“@g‘ﬁt roller 7003 are COM software
conponent g, 20. . Vi sua Ler 7000 ) onprises: GPVi 7100,. that provides
P anal T ek it it TpOT miCeoriadler Qo TR Coimpimmin Y 9o del
7200, that handl es data and conputational_ |ogic; and GPVi e%:ﬁ@t roller
7300, SOMPEEe SYER dRfler, Fopec g saer, W“W@W“%I@Wﬁﬁﬁ?ﬂkm lyi sual
portion of theﬁgﬁttern and provi des visual representatjon of business

sof t wAidSOREM QR softwars compspents 20differ ip brhayipihecausy thewhays differnd messpgst  cont ai ns

stock view behavior, and | GCBaseView 7120, that forces the definition of

r%n hapdlems giached. Mews/OAZare ejistom softwargcompapents 2adnsyalivfull ActiveXronteolsly 35466 35

f each view 7002. Views 7002 (for exanple, |og viewers or graphical
di Spl by &hey atgsimilag torvisyak raodels G and controblers VKB dmviews 103 agaregate dnterfaceset  of
I nterfaces that stock visual nodels 7001 and controllers 7003 expose for
event thatamglemant stackl vieerbebaviar inelidingleveat and conn@lidndandlgrs.0 al so provi des basic
drag- and-drop behavior with the addition of the standard OLE interfaces
f or dr ag- dndpotfemed embodiment, a visual software component 20 or controller 7003 comprises a
custom ActiveX control for a view 7002 as well as stock visual model 7001 and controller 7003
software components 20. In & currently preferred embodiment, visual model 7001 and controller
7003 are stock software components 20 whose behavior is modified by attaching behavioral
components to them. View 7003 is a composite of several software components 20, but requires
more attention to customize behavior. Inacurrently preferred embodiment, visual model 7001, view
. 7002, and controller 7003 are COM software components 20.
Visual tier 7000 also comprises: GPView 7100, that provides visual representation of
business software components 20; GPViewModel 7200, that handles data and computational logic;
and GPViewController 7300, that manages user interaction.
GPView 7100 implements the visual portion of the pattern and provides visual representation
of business software components 20. GPView 7100 comprises: IGCView 7110, that contains stock

view behavior; and IGCBaseView 7120, that forces the definition of required customized behavior



as these terns are readily understood by those of ordinary skill in the
programmi ng arts. | GCBaseView 7120 forces the definition of required
custoni zed behavior for each view O 7002. |GCBaseView 7120 conpmgﬁl: Iqmr
InitializeModel O 7121, to comunicate a view s 7002 data requir S'to
a visual nodel 7001; Update ViewO 7122, to redraw view 7002 as needed; and
Cet bj ectw@o174kéd3, to find out what the current softwaCteuswipehent is.
Views 7002 nust inplenent |GCBaseView 7120. There is no stock

i npl ementation for |1 GCBaseVi ew 7120 because each view 7002 will have
different requirements for this interface. | nitializeMdel( 7121 has the
customlogic to communicate the vsew s 7002 data requirenents to visual
nodel 7001. UpdateViewO 7122 is *Talled by the stock UpdateVi evaandI er

o SRRSO régv,s%fd@or%sm R RS o,
wivb 7200 7001
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war e conponents 20 are atta_ched Vi a IGCEvent Handl er 1410,
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wr aps. In general,
requirements to a visual model 7001; UpdateView() 7122, to redraw view 7002 as needed; and

ﬂ

GetObject() 7123, to find out what the current software component is. Views 7002 must implement
IGCBaseView 7120. There is no stock implementation for IGCBaseView 7120 because each view
7002 will have different requirements for this interface. InitializeModel() 7121 has the custom logic
to cornmunicate the view’s 7002 data requirements to visual model 7001. UpdateView() 7122 is
called by the stock Update ViewHandler software component 20 to re-draw view 7002. GetObject()
7123 must implement hit-testing, and it is used by IGCView's 7110 drag-and-drop implementation.

GPViewModel 7200 implements the visual model 7001 part of the model-view-controller
. pattern and is responsible for managing business software components 20 that are beiné visually
manipulated. GPViewModel 7200 contains IGCViewModel 7210.

Visual model 7001 exposes IGCViewModel 7210, IGCConnectionSink 1320, and
IGCConnectionSource 1310. IGCViewModel 7210 serves as a wrapper for a business model 31 and
provides methods for registering an extemal software component 20. IGCConnectionSink 1320

receives messages which are routed to appropriate message handlers. Outbound messages are sent



changes to business nodel 31 generate update nessages bound for views 7002
with which the business nodel 31 is registered. |GCVi ewbdel 7210 and

| GCVi ewControl | er 7310 are stock software components 20. A cust @8 Yilellé
7002 is a full Active Tenplate Library( "ATL"} control that aggregates
stock conponent |1GCView 7110 to create view 7002. Additionally, view
7002 nustwespde and i npl enent a base view interfac®CT/HsoBses, View tier
7000 interfaces nmay be provided a user on a read-only node, whereby the
vi ewer can be specified to allow read-only access to the system an
editing node, whereby users may edit nodels as well as view them or
configurably in either read-only or,_editing nodes. Referring nowto Fig.
15, the Model -View Controller ("NVéﬁ) design pattern conprises three

| ogi cal . sub- nent.s:q Vi s del . 7001, .view 7002 d troller 7003.
W Suareh B SRR Gisaite o MR ndulih e mhporen Al AR 905

prese vi syal | 7001, or a portion of it, to users. Controller 7003
handl &%&Meg? tion, such as keystrokes and pointer device- generated
i nputs. Th Si sign pattern is used b resent. i nvepntion for
Vi sual tieﬁgggﬁﬁgkggﬁgﬁgﬁﬂggﬁﬁﬁ@ﬂ@ﬁpg‘ tyﬁeﬁwéggpﬁgﬁ$wgmkﬂg di tors.
Generally, a view 7002 nust be associated, with a vi 54@]t i;[{)dﬁil 7001 so
that t9hangss to Rusingssfaodel dlogeneoits undate mpsspgrs bownd for naws 7#ie, with Which the ¢

update itself. Visual nobdel 7001 nust have sone sort of registration
mec harliusiness grodeli3d ixregigigedt 0 29 JUL2004 WO 01/ 48603 PCTI U500135466 37 use
to request the update notices, and view 7002 nust have an update nechani sm

for visual IG6ViswMongl210 end]JGEViewConaller B0 amistock safsrarompaneaisi2Bi 8d with a
o roller 7003. User interaction, initially captured by view 7002, is
f ol War ehetdmiviewt9A2 is o full éycti OB Plats Litirary G AL S contiotthat aggsegaiesstpakcompmentt hen
IGCView 7110 to create view 7002. Additionally, view 7002 must expose and implement a base
view interface. Further, View tier 7000 interfaces may be provided a user on a read-only mode,
whereby the viewer can be specified to allow read-only access to the system; an editing mode,
whereby users may edit models as well as view them; or configurably in either read-only or editing
modes.
Referring now to Fig. 15, the Model-View—Controller (“MVC") design pattern comprises
three logical sub-components: visual model 7001, view 7002, and controller 7003. Visual model
. 7001 contains data and computational logic. View 7002 presents visual model 7001, or a portion
of it, to users. Controller 7003 handles user interaction, such as keystrokes and pointer device-
generated inputs, The basic MVC design pattern is used by the present invention for Visual tier 7000
software components 20 such as log viewers or editors. Generally, a view 7002 must be associated
with a visual model 7001 so that the visual model 7001 can notify the view 7002 that it needs to

update itself. Visual model 7001 must have some sort of registration mechanism for views 7002 to



notifies visual nodel 7001, if necessary, of any action that should be
taken as a result of the interaction. Although Fig. 15 shows the milﬁq

| i nes of conmunication between the three MWC sub-conponents, other JUL 2004
i nteractions between these conponents may al so exi st. For exanple, view
7002 nust get data it needs to present from visual nodel 7001, and

control | avo 8@3nmay not need to request action of vieeDusoisdel 7001 to
process some user interaction events. By way of further exanple and not
limtation, view 7002 nay need to update because of sone event that does
not result in an update notification fromvisual nodel 7001. Referring
now to Fig. 16, tenplate softvvareea?,orrponents 20 found within Tenplate tier
8000 provide inplenentation of petsistence, collections, and iterators

for standard software conponent 20 of the present .i ' y way of
exanp{®8 IRHeftsRe 4P P%"F‘%ﬁ“'@"ﬁ%@g “{“ﬁ%&‘ée e ggﬂ%%hﬁ@k%ﬁ'?}sl‘% H‘I&ﬂg e.
Terrpl,ﬁitgi sof tware conponents 20 maybe used in software conponent 20

i mpl eff@hiMfon to facilitate the inplementation of standard functionality

and to reduce th | nt epnance effort for _ex di t he funct..opality of
sof t war e c?bﬁ‘ﬁ‘éir?@ﬁ% gﬁke@ Bﬁaﬁ%‘é’rﬂ? a gontralery @nt‘?ﬂfﬁ’ %r’séﬂtlﬁﬁnvent i on
tenplate systemis a set of C++ classes that supporf s he

f unct Sapwed;byyviest 7Q0Rcis Sorardiad to Gapigniler ?599%9%%%#@%@%@&%&‘@% t war e
conponents 20. This means that the tenplate software corrponeg% 20 do not

have watifiey visunb sogel 709D, ifi mpcessaryof amy Getionsibesshenid beitken 853 Bl 8T ey o not
I npl emented through COM | ogic. Instead, they are inplenented using

st andategactiomapl enent ati on t echni ques for C++ tenplates. In a sinmlar
b SRR A R g
conbi nation thereof. Tenplate tier 8000 conprises: GCPersistStream npl
8100, sublaimppnentsi ather iferactions between these components may also exist. For example, view
7002 must get data it needs to present from visual ﬁmdel 7001, and controller 7003 may not need
to request action of visual model 7001 to process some user interaction events. By way of further
example and not limitation, view 7002 may need to update because of some event that docs not
result in an update notification from visual model 7001.
Referring now to Fig. 16, template software components 20 found within Template ticr 8000
provide implementation of persistence, collections, and iterators for standard software components
. 20 of the present invention, by way of example and not limitation such as those used by the C++
language. Template software components 20 may be used in software component 20 implementation
to facilitate the implementation of standard functionality and to reduce the maintenance effort for
extending the functionality of software components 20.
In a preferred embodiment, the present invention template system is a set of C++ classes that

support some of the functionality of the present invention system and are not COM software

components 20. This means that the template software components 20 do not have interfaces and



| npl ement ati on of persistence, e.g. to allow reading and witing of data,;
GCCol | ecti onl np18200, that provides C++ inplenentation of collections,
e.g. to allow associ ated busi ness software conponents 20 to be grouped in
a set (collection); Glterator 8300, that provides C++ inpl ement g Bplmg)f
Iteration, e.g. noving through a collection of software conponents ﬂ ; ~and
CCTr aver sWangli48é03at o r 8400, that provides C++ i npl eMEMUSN0/38H66 Of
traversing iteration, including novenent through a collection in a
particul ar order. GCTraversinglterator 8400 is dependent on GClterator
8300 and i npl enents nmethods with the sanme nanmes as those in GCterator
8300. Referring nowto Fig. 17, B%i ness Rules tier 9000 is used to
facilitate use of business rules, “"which are conditions and tests to
det er | Ly 1S 1Vl bysi ngss t | 20to
4 361 Snpighed by FOM 10, Bl MR T2 iRt i ARG

have anot usi ness twar e tonpo a tions. For

exanpi . I ul di.ct ate t.h n.oil fi ny wells
associm%eg@h%ﬁ@hq&ﬁ’ﬁq%u?r%wl&ﬁsﬁ;“ ?ﬁﬁ"@&t@m %"stg%glf’% Wf%ﬁg’qgi | field.
Busi ness,rul es are al so ed to enfarce.c ' iV . BUSI nes les tier
5000 Listispeier® sBisin By Ry SRR I fo MR AV RTINS ot
whi ch_busi ness .sof t e conponent 20 associ ations are validated and
enfor?féﬁ’.’cor&é’?ag?’ﬂhﬂ\é'@ﬁrﬁow to My. 18, Interceptor tier 12000 intercepts and
control s pessages, be en software_cqnponents, 2Q.or calls to sof t war e
conponent 'T§m216gi ﬁ?%ré%e@%ﬁ“?sht Reayis 'El"aﬁ’é‘é‘gla(fgo%r theh PI?JE‘E‘EO%Z*V\D
01/ 48603 PCT/ USQO /35466 39 interface call may be vali dated,
i ngerimplpmea@tiongf pessisience. &5 3p alioy readingand peiting.of datas GEGollgetioplmpl 8200 or cept or
sqg@war e conponent 20 before it is transmtted to the target software
conpofigingroviges Gt émplemeniation nf callacHons, £y toysllowgasspciaied SineBOf WA of ¢ he
di sposition of nessages and interface calls without nodifying the source
or t afogwenangt e dec smoppedeint & seto(colingtipmn GE3terntoy 8308 Rk prviden sl over the
di sposition of the nessage or interface call and nmay thwart the intended
act | vimpjementation ofbijterationt ¢.g+ mavhaxibrovghrp colirction efoftwarecoppenents 20:0dwhi ch
I ntercepts and control s

GCTraversinglterator 8400, that provides C++ implementation of traversing iteration, including

movement through a collection in a particular order. GCTraversinglterator 8400 is dependent on
GClterator 8300 and implements methods with the same names as those in GCIterator 8300.

Referring now to Fig, 17, Business Rules tier 9000 is used to facilitate use of business rules,
which are conditions and tests 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 also used to enforce cardinality.

Business Rules tier 9000 comprises GPBusinessRules 9100 which provides the interface
through which business software component 20 associations are validated and enforced.

Referring now to Fig, 18, Interceptor tier 12000 intercepts and controls messages between

software components 20 or calls to a software component’s 20 interface. An intercepted message or
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O messages, including interfaces to allow a user to intercept and control
nessages between software conponents 20 or calls to a software
conponent's 20 interface. Referring nowto Fig. 19, Application tier 13000
provi des a method for creating applications that use the behavid8 Joi Hlie
present invention system including the asynchronous behavior of the

pref erredvensseBnent. Software conponents 20 nmay be ®CBIBWESWAHd regi st ered
and service conponents connected to, thus establishing dependenci es and
communi cation |inks before an application begins responding to events.
Application tier 13000 conprises GPApplication 13100 that allows a user
to create applications that. use gge present invention's preferred

enbodi ment asynchronous behavi or. “Al though GPApplication's 13100

| e et L )b iy BishroBled WBE A Gy ] coflBRKE RRlsRRS v
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creating software conponents 20. W=zard tier, 100Q0 is one of the present
i nventdjSBeMtion ok 5 BsPRETRY 18 cgld”;vﬂ’&ymu??di‘ HH&Y-addi ti onal behavi or

to software conponents 20, but assists dev&’o ers,in qtl#i Cﬁléfl, creating
s'$dard sTBCICRBIOR teh AR cromprise GRptsngenter 171 reeepte fnd pIlEwor ks 40

t nsure that the proper framework 40 interfaces are jnplenmented for a
sof t waRessagesoinpiading inteplaces fallope userd9 istercent aad HUOHRRRsaE RN are

specific to the Mcrosoft C++ devel opnent environment, with these w zard
pr es erfompepenis 2 o1 collstorgoftwue ernponents 20 intifagfaner ating a set of C++ cl asses

and net hods based on the devel oper’'s responses, by way of exanple and not
Referring now to Fig. 19, Application tier 13000 provides a method for creating applications

that use the behavior of the present invention system, including the asynchronous behavior of the
preferred embodiment. Software components 20 may be created and registered and service
components connected to, thus establishing dependencies and communication links before an
application begins responding to events.

Application tier 13000 comprises GPApplication 13100 that allows a user to create

. applications that. use the present invention’s preferred embodiment asynchronous behavior.

Although GPApplication’s 13100 interface contains no methods or properties, it aggregates
IGCEventHandler 1410, IGCMessageQueue 2210, IGCPersist 5110, and IGCRouter 2310.

Referring now to Fig. 20, tiers 30 may be defined and implemented which are not integrated
into a final application but rather are present to aid development.

In the preferred embodiment, Wizard tier 10000 software components 20 are wizards, as that

term is readily understood by those of ordinary skill in the software programming arts, that assist a



limtation such as an ATL Project w zard simlar to the Mcrosoft standard
Visual Studio AIL Project Wzard. However, w zards are not limted in
their actions or outputs to C++, and can include, by way of exanple and
not limtation, wzards to generate ASCII text files, project folges) 2004
source code in conputer |anguages other than C++ such as JAVA, or any
conbi nat ivemordsamseof . Referring now to Fig. 21, al so aOTuRwsswal part of

t he devel opnment process, Testing tier 11000 provides a set of rules and
required activities that define acceptable tests of software conponents
20. Coupled with the requirenents for devel opi ng software conponents 20,
Testing tier 11000 rules and actiyties are defined by and derived from
those sane requirenents. In the preferred enbodi nent, a test software
CONPORRRfoperTh érlating S5t abd LOmipHRAG 20, WPRrdtiRE 16000 is\oné bR prdsefteMRh@@ad | N

parallel wth devel opnent of software conponents 20 for a given framework
i o PIREEHEL S 10 o b e RO o b e 20 wi 11
Sof t i e Pfh S kRT3 ity Wodahachfte b Bpodil A, ol oo OBR 100 ey
2004 JEPO15Ry08 b FAbac R SRS BRE it PR poreded 07, 7
Funct FORPBRUA0) 15 e oeme pPekiprbdahpuanam ittt ot MRbRRGCLATI0 (e
The 1 SEEopESTP ST Wit e WAL an s rrpiadk e AVBocRas AR L. o
.l o6 it
CormpoNEHETAEE o 3 KBk 2ot SoP 1 e MRt o Vo SR SFh omy ¢ he

requi rements and _design docunments created for the software conponents 20
t o be Projept jzarg flowever, wizards are not limited in their actions or outputs to C++, and can

include, by way of example and not limitation, wizards to generate ASCII text files, project files,
source code in computer languages other than C++ such as JAVA, or any combination thereof.

Referring now to Fig. 21, also an integral part of the development process, Testing tier 11000
provides a set of rules and required activities that define acceptable tests of software components 20.
Coupled with the requircments for developing software components 20, Testing tier 11000 rules and
activities are defined by and derived from those same requirements. In the preferred embodiment,
a test software component 20 implementing these rules and activities is developed in parallel with
development of software components 20 for a given framework 40 to exercise the finished software
components 20 in that framework 40. This insures the conformity of the finished software
components 20 with the stated requirements.

In the preferred embodiment, at least one test software component 20 (created as a “test

hamess™) is developed per framework 40. The test harness inspects a software component 20 to



conpiled into a test harnesses. Tiers 30 in the present invention may be
extended as a user desires, such as by adding additional tiers 30. By way
of exanple and not limtation, a user nmay desire G aphics tier 30, 2004
Plotting tier 30, and Security tier 30, or any other tier 30 to at;d%ggls g
given functionality required, e.g. for a system s requirements. In the
oper ati orwa@br/aséa preferred enbodi nent, referring gen®CaUBO/38466 Fig. 6, to
create a software application a set of application requirenents is
determ ned 70, either manually, heuristically, automatically, or by any
conbi nati on thereof. Using predetermned N-tier architecture rules and
optional w zards, a system designeyydetermnes 72, 74 a fist of required
nodel s 31 and software conponents &0 to satisfy the application

requi LR1R Habit hal Bplbhatedal] tleGebirt Sithe IRLSToP itstlantdrk 40Ghd thare ifesmenent s 20

are logically grouped 72 into one or nore packages 42 and the packages 42

assoc Lyt O Skt SAcY AN ARAAR ko iRoRiffer 42 Usi g
t he plrf@ggtgléj\rpé n’é(}hﬂi@fezr argl?:l |te%n§’ureesru es, the slystem desi gner then

det er gj ne i€ OF LR £1165 O RO BSiNes | i&%ﬁﬂ#sﬁ il Mfbringivai | abl e
in an1nv ﬁ%g?éfp'f(fgﬁgp%g%%twar etg' (?ggrponen'%gn%g. ac so%t war e component 20
found .in,inventory, 700.is_the SOC] d @Rk jer 30 if
t hat E@F]t%rs b do%ﬁlpc ﬁ“&s&rééﬁlﬁﬁgggﬂ%ﬁgﬁg??]g’rthgmlﬁtﬁgg?%ﬁ&# ules wll
further co%&fe rules for restructuring software conponents 20 in

i nvenf&PRP™ ‘o ensure conformance with all other application design

rules whilg retaining the original  int of the j oSimlarly,

the N-ti ergmﬁftmf%ﬁgusfﬁlf%?%wﬂ&%’f‘ rcﬂfnggs%gpg%% i ng&"f’ﬁga

a itecture by adding one or npre tiers accqQ date. n or

r :39 r GrechiQudnathods %Wﬁ%@%.‘@%ﬂﬁgﬁhﬁmt@%m% not found
ininventory 700 is | ocated el sewhere, purchased, or cre tedmgo gnd added

to inmﬁwrymme%@g@#m@wmforwS?fﬁtﬁf%%‘?n&m“ﬂ@%'f?%@%fﬁ RNt er

compiled into a test harnesses.

Tiers 30 in the present invention may be extended as a user desires, such as by adding
additional tiers 30. By way of example and not limitation, a user may desire Graphics tier 30,
Plotting tier 30, and Security tier 30, or any other tier 30 to address a given functionality required,
e.g. for a system’s requirements.

In the operation of the preferred embodiment, referring generally to Fig. 6, to create a
software application a set of application requirements is determined 70, either manually,
heuristically, automatically, or by any combination thereof. Using predetermined N-tier architecture
rules and optional wizards, a system designer determines 72, 74 a list of required models 31 and
software components 20 to satisfy the application requirements. The list of required models 31 and
software components 20 are logically grouped 72 into one or more packages 42 and the packages

42 associated with tiers 30,



architecturerul es. These rules may include rules on assessing each new
and/ or restructured software conponent 20 for suitability 82,84,86 to
beconme part of the software inventory 700. By way of exanple and hBtyUL 2004
limtation, this may include rules that allow that software conponents 20
that are so specific they can only be used in the current application are
not addedvoel4séndent ory 700. After at | east one sof t wWRCEUSWBpEHeNt 20

exi sts for each requirenent, the present invention's an application is
created 80 using the predetermned N-tier architecture rules that include
rules on defining and inplenenting |inkages between the tiers 30. After
an application is created, the all_,,software conponents 20 to be used in
the application nay be tested Once all requirenments have software

conponent yef telréidzifik Nifer LEFHILGRITREE e oHich iifme SRl difingogRonent s 20

have been associated w etie are assenbl ed and
conpi Frwire D!w& WG, . P / |
standi-fgeﬁ%hznse, exg:t:u a %g progf%yn@c@% v higqgnnﬁgés g:gyg‘?[giy&iﬁ:ggvgmof
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may ocC I'n many equi val e exanpl'e and not
limtation P-.cogde. pseudo code, Laterpre S, nam..cal | | i naked

Funt | TP S ety SRS ocigRans af o e TR v s e

execu | es, ar an onbi nation _thereof. Such assenbl onpi | ation
my_ blReCTmare At GF it yE comerRsEE. AN Bhvengsy B 1 SR
on-the-fly. Ong | .requjrenents are sat.isfied, j.e. software conponents
20, ar LGSR Stidy fb ARG desoEs Sails SrpBine i, BiaB Ol hL o 1 er s
3(,a testing tier. 30 may be, defined and inpl enented to. acconplish system
| eVel TeawEment Sumilarly.the Hrber aghitechirg wiepmpy Gpnfaln ruleganexpapding e avg be
defined when all requirenents are identified, and then deveiooped I n

par al Pxaddifieione SperpAieR 3¢ i Acenrenadais aew eEspictpred software components 20.

Bach software component 20 not found in inventory 700 is located elsewhere, purchased, or

created 80 and added to inventory 700 according to rules for inclusion defined by the N-tier
architecture rules. These rules may include rules on assessing each new and/or restructured software
component 20 for suitability 82,84,86 to become part of the software inventory 700. By way of
example and not limitation, this may inciude rules that allow that software components 20 that are
so specific they can only be used in the current application are not added to inventary 700.

After at [east one software componenlt 20 exists for each feqdremcnt, the presentinvention's
an application is created 80 using the predetermined N-tier architecture rules that include ruies on
defining and implementing linkages between the tiers 30.

After an application is created, the all software components 20 to be used in the application
may be tested.

Once all requirements have software components 20 to satisfy the requirements, and the

software components 20 have been associated with tiers 30, the tiers 30 are assembled and compiled



The present invention can be enbodied in the form of conputer-inplenented
processes and apparatuses for practicing those processes. Vario Sgﬁms
of the present invention can also be enbodied in the form of cotf)%
program code enbodied in tangible nedia, such as floppy diskettes,

CD- ROVs, hard drives, or any other conputer-readabl e storage nmedi um
wher ei n, Wiewss8he conputer program code is | oaded | RCHUENES4S&ecut ed by a
conput er, the conputer becones an apparatus for practicing the invention.
The present invention can also be enbodied in the formof conputer
program code, for exanple, whether stored in a storage nmedium |oaded into
and/ or executed by a conputer, or jxansmtted as a propagated conputer
data or other signal over some transm ssion or propagation nedium such
as ovgito £htesd-dbredxevitible progame Al will Ge uiderstoogibyfthdze of ogdinkryskill iotthevi a

el ectromagnetic radiation, or otherw se enbodied in a cafrier wave,
wher e gdFiwayd SdglafihingC SHED disGibIy' 48 'cBiibiBR niay dcolrdiadmanyt equiralentefsmmsut ed by a
conput er, the conputer becones an 2 9 J UL 2004 WO 01/ 48603 PCT/ US00135466
44 apRRABRE Y whPbf dXamsleafid M litoEtidnPUAE bogtenddleade, intdipreRRdyagmisiliya

gener al - purpose” m croprocessor, the conputer program code segnents

confi Eﬂfeﬁn_ﬁlﬂﬁemﬁeﬁ?ﬁ@&%ﬁnﬁ téchiigie, nfuRBNthicekechi@lbs; orhy domtibinationl O carry
out the desired proCess. Therefore, "a system for designing and/or

| mpl egRAL} b ' cebin it $h-tire! ERfoRN feviBAIgSe f OF
creating tsg%t‘:&/aa%gﬁé rrpgﬁgtﬁ@isah aﬁgctier ggdtzﬁudmgésjsenbl I ng tﬁ?

appl i ] bl Qf Wwhich will be famliar to those of ordinary skill in
t he cgﬁ%'u ew%ﬂhléflgi ncl udi ng, by way of . exanple and not limtation,

_szg?s’eﬁ@eﬁfaeg%@%e@g&%%&a% St B BT rmcse
reans TP R TR T PR U ARGl G,
o e Bl e B S B el e B bl v | b

arran %ﬁ %&&e%egzs alteri]d%ntiﬁed, and then developed in parallel with software component 20 assembly.

The present invention can be embodied in the form of computer-implemented processes and
apparatuses for practicing those processes. Various aspects of the present invention can also be
embodied in the form of computer program code embodied in tangible media, such as floppy
diskettes, CD-ROM:s, hard drives, or any other computer-readable storage medium, wherein, when
the computer program code is loaded into and executed by a computer, the computer becomes an
apparatus for practicing the invention. The present invention can also be embodied in the form of
computer program code, for example, whether stored in a storage medium, loaded into and/or
executed by a computer, or transmitted as a propagated computer data or other signal over some
transmission or propagation medium, such as over electrical wiring or cabling, through fiber optics,
or via electromagnetic radiation, or otherwise embodied in a carrier wave, wherein, when the

computer program code is loaded into and executed by a computer, the computer becomes an



parts which have been described and illustrated above in order to explain
the nature of this invention may be nade by those skilled in thegarfiji 2004
wi t hout departing fromthe principle and scope of the invention as
recited in the followng clains. a 45 CLAIMS Wat is clainmed is: | . A
conputing systemfor creating an extensible N-tiered software application,
conpri si Yo orM8stdt | east one processing unit; b. at | ®ETUOSWI846HENOry Sstore
operatively connected to the processing unit; c. extensible Ntiered
creation software, executable within the at |east one processing unit,
conprising a plurality of predeterm ned extensible N-tier architecture
rules; and d. at |east one extensiggle tier, capable of residing in the
menory store, further conprising: i. a framework that specifies a basic
desi gipparktis ok practiciry the MGdntive " WheDidipRiRiNes of 8 geGfl-pirpobe aficrogbasei,ng 1o the
extensible tier, the framework further conprising base software
CONMPOR&EnfpulPprogramTBde sebmdntsHdAifgute theinfkdpastessor 10 treatd ¥peBifit 1opRJ circdi@NPONENt
categorized as belonging to the tier; and ii. a logically grouped set of
a pregeisy &k tedesedpRtes®f executabl e software conponents conpliant wth
the tier Tramework, each software conponent further capabl e of

comuni catrh&gford, & §ys@h for designing and/or implementing a software application can comprise
numerous means for creating software components 20 and tiers 30, and assembling the application,
all of which will be familiar to those of ordinary skill in the computer arts, including, by way of
. example and not limitation, keyboards, mice, drag-and-drop interfaces, text editors, graphical editors,
OLE interfaces, and the like or any combination thereof, These means may further comprise manual
means, heuristic means, automated means, and the like, or any combination thereof, such as expert
system driven or implemented designs, neural networks, and the like.
It will be understood that various changes in the details, materials, and arrangements of the
parts which have been described and illustrated above in order to explain the nature of this invention
may be made by those skilled in the art without departing from the principle and scope of the

invention as recited in the following claims,



| east” one ot her software conponent. 2. The conputing system of cIaimI
further conprising a 29 JUL 2004 conmuni;eati ons network, operatively

comuni cation with the processing unit, 46 the communi cations netw&ﬂHUlzm4
selected fromthe group of networks consisting of |local internal

.net wor ks, Ig@ég%g%ea net wor ks, asynchronous networ ks, synchronous

net works, a area networks. 3. The conputing systemof claim!]l
wherein connunication bet ween the software conponents conprises

asynchr onou nngﬁ tlons 4. The conputing systemof claim| further
conpri sing " of software conponents. 5. The computing system of
claiml mhereln the at | east one extensible tier is a set of extensible

tiers, further conprising a set of |ogical connectlons conpri si ng
sequenci ng and nbssagihGOPRYERFREES AoTrEeaRES AN gxtepside N NP‘I"H@
extensible tiers and at | east one other tier of the extensible set of
tiers, wher epplicetwh compmsing:n the extensible set of tiers is capable of
comuni cating with any other tier through one or nore tier interfaces. 6.
The conputing sysatem axfleast ederprécerdieg wiit) t he set of extensible tiers
conprises a-base tier conprising a base tier framework, the base tier

framework conpr bsi Ngat 18ast Gile the@aGl spiCorepdtivel tconiecied tethe eredsing col | ecting
sof tware conponents, including software conponents which are normal ly

aggregat ed iypf0 other software conponents; b, at |east one connection
interface for connecting software conponents

c. extensible N-tiered creation software, executable within the at least
one processing unit, comprising a plurality of predetermined
extensible N-tier architecture rles; and

d. at Jeast one extensible tier, capable of residing in the memory store,
further compnsing:

1. a framework that specifies a basic design structure for
software components categorized as belonging to the extensible tier,
the framework further comprising base software components and a
set of standard interfaces for any software component categorized as
belonging to the tier; and

il a logically grouped set of a predetermined number of
executable software components compliant with the tier framework,
each software component further capable of communicating with at

Jeast one other software component.

2. The computing system of claim 1 further comprising a

communications network, operatively in communication with the processing unit,



as sources or sinks of information; 2 9 JUL 2004 47 C. at | east ong L2004
nmessagi ng i nterface conprising nmessage4gased behavior; and d. at Iegaétﬂ
one control interface for controlling devices. 7. The conputing system of
claim5 wherein the set of extensible tiers conprises a business rules
tier, a proges3iifintdafibns etk ?e]éc'te%rﬁqn?‘thgﬁﬁﬁl?%ﬁﬁwak@Eonsﬁ_tiné’b'ﬁbms5
objects tier, a visual tier, a base tier, "a real-tinme device tier, an
interceptor. .tier, an n lication tier. 8. ' syst em of

Gl & m 7 wherratRTie R Re R Bk SabicRaro e A S D0

conprising: a. an interface capabl e of handling processing conponents
associ at ed PHMORKS; ?Tél‘ﬁﬁdﬁé@é'&'?fpaisi er; b. an aggregation interface to

aggregate a predeterm ned nunber of software conponent attributes; c. a
gquery interface conprising a query nodification interface; and d. a
predet er mi ned nunber of w ndowed input/output paranmeters to satisfy
processing tier Bequi Theemsiting systieefatiyimal wheyeiasemnynicktion bedFeoRar e
conponent can nanage process flows and nonitor and/or optimze flow of
dat a t hr oughhesofmded confponditecongprisest dspghsywberonohumdaions. 8 f urt her
conprising a tracking 29J UL2004 interface to track processi ng nodel
filter requirenents. 48

4. The computing system of claim 1 further comprising an inventory of

software components.

5. The computing system of claim 1 wherein the at least one extensible
tier is a set of extensible tiers, further comprising a set of logical connections
comprising sequencing and messaging information between a first one of the
extensible tiers and at Jeast one other tier of the extensible set of tiers, whereby each
tier in the extensible set of tiers is capable of communicaﬁng with any other tier

through one or more tier interfaces.

6. The computing system of claim 5 wherein the set of extensible tiers

comprises a base tier comprising a base tier framework, the base tier framework

comprising:

a. at Jeast one collection mterface for collecting software components,
including software components which are normally aggregated into
other software components;

b. at Jeast one connection interface for conmecting software components

as sources or sinks of information;



10. The conmputing systemof claim9 wherein the processing corrpon«i‘rgtfUL 2004
conprise filters, synchronization conpgnents, sources, sinks, and

gr aphi cal conponents. 11. The conputing systemof claim7 wherein the data
tier conprises a data tier framework and provi des data persistence
services for a pgedet g1&iid nieglaghl int&:Fde WamBr GATRORSH Sas@TEhAGEHESS O
data, the data tier framework further conprising: a. a data nodification

i nterface whereby datﬁ}dnay be witten to and read froma data source; and
b. a data access interface whereby access nay be provided to specific
types of data. 12. The.copputing .system.of claim % wherein the nessaging
tier further cofpri s%ts}eaé s"%g‘?’ﬁé‘e f& Olf?ogﬁf\}\%g evé?\%‘ nmessagi ng sof tware
conponents to convey information froma source of messages to a recipient
of nessages, the nessaging tier framework further conprising: a. a
message generation interface;. b. a nessage queuing interface; c. a
nmessage routing 7nt er Theeompeting syftams alydaimek whergindbieiebpt exteriblertiste: e, a
message routing interface whereby one or nore software conponents that

wi || recei veompnses sdgsnesayulbrticpepriofdsaig tieme dita tigr, pmessagwgdebae i nterface
wher eby information about a specific queue may be specified; 2 9 J UL
2004 49 2 9 iltihes2 0Bfct9 tier, a visual tier, a base tier, a real-time device tier, an interceptor

tier, and an application tier.

8. The computing system of claim 7 whexrein the processing tier further

comprises a framework comprising:

a. an interface capable of handling processing components associated
with the processing tier;
b. an aggregation interface to aggregate a predetermined number of

software component attributes;

c. a query interface comprising a query modification interface; and

d. a predetermined number of windowed input/output parameters to
satisfy processing tier requirements;

€. whereby a processing tier software component can manage process

flows and monitor and/or optimize flow of data through a model.

9. The computing system of claim 8 further comprising 2 tracking

interface to track processing model filter requirements.



whérei'n the messagi ng software conponents control message queuing and
notification, and support message genergation for different types 8 JUL 2004
nmessages. 13. The conputing system of claim 12 wherein the nessaging tier
i nterface supports asynchronous nessagi ng. 14. The conputing system of

claim7 wherein tige bygi BGasuHI TR BE Saihi ShnbbhlthefrotRBRE | Ses: a. at
| east one business software conponent, the business software conponent

conpri si ng J At i di for and
sccoss o i R APRRR coRRE B AR RARbR SRl Soles SHRLERS,
encapsulatiqg ?§tLibutes conprising data and behavior for a business
entity; and PPUALUIIRREYSsof t war e conponent framework, conprising: i, a
nodel conprising a collection of rel ated busi ness software conponents to
reflect a real-world business entity; and ii. a binary large object to

al l ow storage of |arge anmounts of data wthin the business software
conponent. 15. THé- corfbaicompptng system of clainnl whaginihedasd hergomprsese one

busi ness software conponent has an attribute that is other business

sof t war e conjatatenframg¢@ork Bhé poumesiditnpersytence servicecioas pedetedinedsketoft he at

| east one busi ness software conponent is a conposition defining a static
nodel wher elspfttviare cofiponentsainid @accehs tp dinef thedaa tikidrameviotlefigthaebinypssisgg:conponent
and an attri bute conponent is not an association enforced by business

rules. 17. The cenput iadgtaSysd Beitioh itdrizcewhdeW@itLmby bhentddlanfur t her

read from a data source; and

b. a data access mnterface whereby access may be provided to specific
types of data.
12.  The computing system of claim 7 wherein the messaging tier further

comprises a messaging tier framework and messaging software components to
convey information from a source of messages to a recipient of messages, the

messaging tier framework further comprising:

a. a message generation interface;

b. a message queuving interface;

c. a message routing interface;

d. a message text management interface;

€. a message routing interface whereby one or more software

components that will receive 2 message may be specified; and
f a message queue interface whereby information about a specific

queue may be specified;



cohprises a set of business software conponents nodel interfaces that the
busi ness software conponents aggrega;t,\ﬁ to achi eve specific functi ozng'al Ut)[
18. The conmputing systemof claim 17 8rein the business software JUL 2004
conponents nodel interfaces conprise: a. an association interface whereby

busi ness softwarg, conﬁﬁa@mttﬁeﬂ_essagihgsmsi:&h s ot Hﬁgsageftwar? _
conponents; b. a relationship interface whereby hierarchical relationships

with other software ng.@r},tngmmﬁgg 3%@@0' shed, and. Mintd ai ned; c. a
data dunp interface ereby contents ’of% a o*tt war éggrcéorrponoen f may be
selectively retrieved;..and g’P a nhane interface whereby persistable
attribute nanmes may bglff%pé]% REFPES The conputing systemof claim?7
further conprising a visual tier to provide display of and user
interaction with information, the visual tier using a nodel, view, and
controller design_pattern conprising: a. a nodeler conprising data and
conput ati onal | odfc t &hheavenusing system phelarptd Vheveinthremessegingtierf ur t her
conprising an event handler, a connection source, and a connection sink;
2 9 JUL 2004menfacemupherts asyxpckrppeusaugsprging ng data and conputational logic to
present at least a portion of a nodel perceptively to a requestor, the
vi ew conponent further conprising an event handl er and a connection
source; and c. a controller conprising data and conputational logic to
handl e 14.  The computmg system of claim 7 wherein the business components
tier further comprises:
a. at least one business software component, the business software

component comprising a general purpose data container providing

storage for and access to information, the business software

component further encapsulating attributes comprising data and

behavior for a business entity; and

b. a business software component framework, comprising:
1. a model comprising a collection of related business software
components to reflect a real-world business entity; and

1. a binary large object to allow storage of large amounts of data

within the business software component.

15.  The computing system of claim 14 wherein at Jeast one business

software component has an attribute that is other business software component.

16.  The computing system of claim 14 wherein the at least one business

software component is a composition defining a static model whereby the



requestor interaction, the requestor interaction further conprising
actions froman input device, the controller conponent further comg{@i ﬁlﬂ
an event handl er, a connection source, 5&and a connection sink; d. i}
the nodeler, the viewer, and the controller may utilize a nessaging tier

wher eby eac I?e]ﬁ’ﬂ(iorfsﬁ‘ig LERAEH Bk budifils YIFRVIRE conﬁ&geﬁt Ofa arpﬂgitoﬁﬁglchxgﬁo&ﬂﬁs have one

or nore nessage handlers attached to pro e additiona avior, the

nodel er and q I i . diffierent nessage handlers attached to
ef fect di ffg&?%g%gée}%%](\%lhSrgf.oré%g\.éwﬁﬁsem%a%ﬁsfi ng system of claim 19 wherein

the visual tier further conprises: a. a read-only node, whereby the
viewer can be specified to allow read-only access to the system and b.
an editing node, whereby users may edjt nodels as well_ as view them c.

wherein an N-tieréd appf FUBRULBR SYHEM Qlctlainy 14 whsjeip dieprodsbiugiheher t he

read-only node, the editing node, or both on a user by user basis. 21. The
conmput i ng syempRsesfa sel ofibisespefivedre carheonenta modelipterfaces dat the busigesy J UL
2004 further conprises: 52 a. a comunication interface; and b. an
event - handl isnffwenetcempammis aggregite tocdshiese spealfictfimmbiosidivy.ce can conmuni cat e
wi th connected software conponents to support comrunication with and
event

18.  The computing system of claim 17 wherein the business software

components model interfaces comprise:
a. an association interface whereby business software components may
be associated with other software components;

b. arelationship interface whereby hierarchical relationships with other

c. a data dump interface whereby contents of a software component
may be selectively retrieved; and
d. a name mterface whereby persistable attribute names may be

retrieved.

19.  The computing system of claim 7 further comprising a visual tier to
provide display of and user interaction with information, the visual tier using a
model, view, and controller design pattern comprising:

a. a modeler comprising data and computational logic to handle user

Interaction, the modeler further comprising an event handler, a

cormection source, and a connection sink;

ER



handling for a real-time device. 22. A nethod for creating an extensible
N-tiered software application for a systemincluding at | east ON€ g jp 7004
processing unit and at |east one nenor§l store operatively connect eg t!)
the processing unit; the method conprising: utilizing extensible Ntiered
creation software, con‘Brisi ng a. predeterm ned . set of software conponent
rules, tier rules: an@ 56’6??"3%&‘15 daapdsprpwaticnal logis g pragent & jeagt asof t war e
bei ng executable within the at |east one processing unit; enploying an

i nventory of execut abP&tienPf aEodelpstepptinetit 1©,a requebtos dlie: view eompanepbnent
further conprising a given structure and an external interface and further
capabl e of comuni cat fnthenianiprizingl apasenthmadlatanédn confdctiar uemadent ; and a
predeterm ned set of initial extensible tiers capable of residing in the
nmemory store, each tieontoflet fenmisgalaer i Retipsetionaf Jopxitehaidi e tiers

havi ng a given structure, the set of extensible tiers further conprising

a | ogically grouped sedquésiordntefaBh&, eletbdlRstor E%Bn?ﬁrﬂiepgorﬁﬁi‘?s%t abl e
n

sof tware conmponents: determning a set of application require ts; for

each of the Set of apaliididBbAuliRANLEGEE M ont 8 EMf:Ahebl irhBvent OT Y Of

sof tware conponents for software conponents that mat ast one of

the set of application I;ng%' SR Srand &ﬁgn APl LGat regqui-rement in
the set of applicati onor qwé;emants %‘]olrg]r”a1 CR A Jgg?ct%i/\:ilé](ragcggnan%%ﬂ%nt mat ch
does not exist in thegoftware 2 9 J U1 2004 53 conponent inventory,
obtaining a software conponent that does nmtch that application

requirement; i def I ng vﬁ;eﬁe‘fﬂ[ﬂ]g;no é]grl; aaetvcl)ev!'e?galn%?]llel %ngglqeglmz}yr}:%ligggl 'cation
requirenents, ’ :
messaging tier whereby each of the modeler, the viewer, and the
controller can have one or more message handlers attached to

provide additional behavior, the modeler and the controller having

different message handlers attached to effect differing behavior.

20. The computing system of claim 19 wherein the visual tier further

comprises:
a. a read-only mode, whereby the viewer can be specified to allow
read-only access 1o the system; and
b. an editing mode, whereby users may edit models as well as view
them;
c. wherein an N-tiered application may selectively comprise either the

read-only mode, the editing mode, or both on a user by user basis.

21.  The computing system of claim 7 wherein the real-time device tier

further compnises:



selecting tiers fromthe predeterm ned set of tiers to satisfy the defined
set of tiers; for tiers not wwthin the predeterm ned set of tiers ?ﬁgeﬁ‘gg

to satisfy the defined set of tiers, 52reating new tiers; associ at QEH
of the matching software conponents with at |east one tier of the defined

set of tiers accqdi ng bRmdnihidERicassPci ated with that tier; and
creating a software application by assénbling the predeternined set of

tiers according go t%em_%%ﬁ‘ﬂ#'h%e&sc@enbl y rul es; whereby the software
h 0

application satisfies e se application requirenments. 23. The nethod
of claim 22 wherein obt ai{'}i n%%aﬁl soffware cogr“Fonent t hat dges match t hat
Y ENEY

appl i cation requi% ementief LIS 5YICR 6 LRPEEGalRPR come$d i ng an
exi sting software conmpopent or procuring and selectively nodifying a new
sof tware conmponent f r SRATEHCCARBIEAE N FUPPOT FerBmypIcalin Wil ande3flonent s to
comply with a tier's framework requirenents. 24. The nethod of claim 22
further conprising: a.baediagifen avgalttivee dicgi ned sof tware conponents for
i ncorporation into the software conponent inventory according to
predeterm ned incorporation criteria; and 29 JUL?004 54 b. storing the
obt ai ned software conponent in the software conponent inventory if it
meets the incorpd2ati onmethiot driceeatiiiban ekteasibeMNdeled fofovant spplizationtf@r ei n at
| east one of the software
a system including at least one processing unit and at least one memory store
operatively connected to the processing unit; the method comprising:
utilizing extensible N-tiered creation software, comprising a predetermined
set of software component rules, tier rules, and application assembly rules, the
N-tiered software being executable within the at least one processing unit;
employing an inventory of executable software components, each software
component further comprising a given structure and an external interface and further
capable of communicating with at least one other software component; and a
predetermined set of mnitial extensible tiers capable of residing in the memory store,
each tier of the predetermined set of extensible tiers having a given structure, the set
of extensible tiers further comprising a logically grouped set of a predetermined
number of the executable software components:
determining a set of application requirements;
for each of the set of application requirements, reviewing the inventory of
software components for software components that match at least
one of the set of application requirements;

for each application requirement in the set of application requirements for

which a software component match does not exist in the software



components is a business software conponent, further conprising
automatically retrieving conposite software conponents along with &8 Jy 200
associ ated business software conponent3 when the associ ated busi ness
software conmponent is retrieved froma persistent store. 26. The et hod

of claim22 wherein Canp@sdneirveNBNERbRind2S o Phre g‘aﬁéﬁe%@p}%cf s& new

busi ness software conponent is created but instea ere S~ the

responsi bility of the ghapior : : nposite conponent and set it
into the conposing corrponenta.pbg?%[ﬁﬂéecﬁ]rrreg{lﬁg’d of claim 22 wherein software

conponents and tighs: ar i.ped.at. run-tinme to formnew, unique
appl i cati ons on- tcﬁe?lﬂgf.%etz(g%%%ﬁg?Orgé‘iahgamgfl th‘i’ %Rpﬁff‘??nfrﬁﬂut“ﬁ@len@brrpri si ng:
a. defining a testjng tier: b.. tesfing.a final nodel using the testing
tier; and c. cor r%%f?'f?gr‘eésr#r?ﬂ‘éhe\ﬁr?‘i‘?ﬁ‘i’%i’}‘?@S@?@Eﬂﬁ&lﬁaés@&qf%ﬁn@d%ﬂf)onents
within the final nodel. 2 9 JUL 2004 29. The nethod of claim 22 wherein
associ ati ng t?‘g&"accorrpl i shed using a graphical user interface. 55 30. The
met hod of claim22 wherein creating new tiers further conprises: a.
exam ni ng a requifPEhgshaet withinjde pradetaimined fet of s needed forsansfmtiek | S
adaptabl e to accommodate the requirement; c. using the current framework
if it is adaptabl e todgBessrsaioefdiers, tragting new tiers;
associating each of the matching software components with at least one tier
of the defined set of tiers according to a framework associated with
that tier; and
creating a software application by assembling the predetermined set of tiers
according to the application assembly rules;

whereby the software application satisfies the set of application

requirements.

23.  The method of claim 22 wherein obtaining a software component
that does match that application requirement further comprises selectively
modifying an existing software component or procuring and selectively modifying a
new software component from an independent source of software components to

comply with a tier's framework requirements.

24.  The method of claim 22 further comprising:

a. examining the obtained software components for incorporation into
the software component inventory according to predetermined incorporation

criteria; and



requi renment; d. defining a new framework to accommodate the requirenent is
no current franmework is adaptable or otherw se accomobdates the 79 2004
requirenent; and e. creating a newtief4 with the new franmework. 31° 'IJi!I’é
met hod of claim 22 further conprising renoving a tier, the step

conprising: a, exgnmnipg.current. r irenents; b, for each current tier,
deternining if atgl eas %}é&%gﬁ@?’e‘f? 20%,§qnapoment ip Hs softweraicempenents: c. i f
so, conbining those,.tiers; d. for each remaining tier, determining if the
tier is no | BNGEPD dé&&@&ﬁ%lng%wp@ﬂwmtemreast one requirement; and e. if
so, renove the no | onger needed tier. 32. The nethod of claim 22 further
conprising defining an initial set of tiers. 2 9 JUL 2004 56 2 9 JUL
"1004 33. The method of claim 32, wherein the initial set of tiers

conprise a busi ss rThegsethideof clam@pwbasinnglchitdne ofthdadBvdri €7, a
nmessaging tier, a plotting tier, a business objects tier, a visualization

tier, a basecmn}a)npntalsraelaisnietmﬁd»%déﬁl bhé, furr chithrad and an
application tier. 34. The nmethod of clai érir‘]1rt’33 V\here%nu?eﬁ(ﬁzﬁaﬁ%h@ busi ness
rules tier freaieRmy donipdsitd OFrwaRBHIpSRshts along with an associated business

software component when the associated business software component is retrieved

from a persistent store.

26.  The method of claim 22 wherein composite components are not
created when 2 new business software component is created but instead where jt 18

the responsibility of the creator 10 create a composite component and set it into the

composing component.

27. The method of claim 22 wherein software components and tiers are

combined at run-time to form new, unique applications on-the-fly.

28.  The method of claim 22 further comprising;

a. defining a testing tier;

b. testing a final mode) using the testing tier; and

c. correcting errors within the executable software components within
the final model.

29.  The method of claim 22 wherein associating is accomplished using a

graphical user interface.



a. defining a set of business rules; b. defining a predeterm ned set of
properties and nmet hods which can be used to determ ne whether a fzidg St 2004
sof t ware conponent violates the busin®ss rules by being associate WIIT% a
second software conponent; c. defining a predeterm ned set of properties
and net hods which can be wused to determ ne a type of each associ ated
child software conponent; d. defining a predeterm ned set of properties
and net hods whi ch,can -be sed.tp.determ ne a type of each associ ated
parent software lhgbrrp(}%grﬂe?hogno c%fmgéf"lhﬁ’i‘aﬂbcﬁanﬂégﬂ‘ﬁ%ﬁ W set of
properties and nethods which can be wused to determ ne whether a first
sof t ware conPIHENES having a specific type viol ates the business rules by
bei ng associated with a second software conponent having a specific type.
35. The net hod of? cl a3 FFEHBIEMEBYPri si ng al | owi ng bui | di ng of

busi ness software conponents as general purpose, reusable data containers,
57 2 9 JUL 1004 Vher elsptetainingahelclrennfraroeworkis alapiakle nessomafolna tie
conponent are hidden fromother software conponents, other conponents are
kept from having to kneguiehlentbusi ness software conponent's internal
structure and inplenentation details, and data integrity checks are

al lowed to occur cat t heinpuis coasst fraidwal F GO BRPHBBRIto hedstimoddf-thefhe net hod
of claim 35 further .conprising collecting business software conponents
into a heterogeneous Gejuire@enton nodel that represents a real-world

busi ness entity.

d. defining a new framework to accommodate the requirement is no
current framework is adaptable or otherwise accommodates the
requirement; and

€. creating a new tier with the new framework.

31.  The method of claim 22 further comprising removing a tier, the step

comprising:
a. examining current requirements;
b. for each current tier, determining if at least one other tier satisfies the
Tequirements;
c. if s0, combining those tiers;
d. for each remaining tier, determining if the tier is no longer needed to

satisfy at least one requirement; and

€. 1f so, remove the no longer needed tier.

32.  The method of claim 22 further comprising defining an initial set of

tiers.



37. The method of claim35 wherein collecting business software
conponents uses a generalized collection interface to collect othe § i
busi ness software conponents. 38. Thé®method of claim 33 furtherd 3 JUL 7004
conprising specifying a franmework for the real-tinme device tier to
support conmuni cation wth and event handling for at |east one real-tine
device, the framework conprising properties and nethods that support a

predet erni ned corgauni %te'ngaﬁaddruf%rairﬁgﬁ WRdein IR BReE & OF 515 et 5 handl i ng
interface whereby a real-time device can communi cat e mnt nnect ed

e O TRANERles 3. a INE R HersCl R (AL P, bl it 87 0Pt OF

tier conprises propert|e to a ert

f t t s t ft
Comonent” s RREBRIZE Yt URg 10T Aebh ot e : @g oegioel i &0 ace cal |

may be vali dat ed, |nter ateg and acted wupon by call backs registered
with the |nﬂBFE§B¥6Pe¥F gﬁ@? (RUOPIET-i nt er cept ed message 58 or interface
call is transmtted to a target software conponent, allow ng validation
and control of the disposition of the nessage or call to the software
conponent’'s interface to occur w thout nodifying a source or the target
sof twar e conponert®. 40Cherrghadeafisloem 38 viezsimdgming ausimessguleptiersi ng:  a.
speci fying a method for registering a callback with the interceptor; b.
speci fyi ng afrareevall firder camprates:ng regi stration of a call back; and c.
specifying a nethod for creating an instance of a software conponent. 29
JUL 2004 41. The aret haldfioig alsetiafib8Sndsantléser conpri si ng:
b. defining a predetermined set of properties and methods which can be
-used to determine whether a first software component violates the
business rules by being associated with a second software
component;
c. defining a predetermined set of properties and methods which can be
used to determine a type of each associated child software component;
d. defining a predetermined set of properties and methods which can be
used to determine a type of each associated parent software
component; and
e. defining a predetermined set of properties and methods which can be
used to determine whether a first software component having a

specific type violates the business rules by being associated with a

second software component having a specific type.

35.  The method of claim 33 further comprising allowing building of

business software components as general purpose, reusable data containers,



a. specifying a nethod within the application tier for creating
applications that use asynchronous behavior, b. specifying how software
conponents are created and registered? and c. specifying how serdPdEL 2004
conponents are connected; d. whereby dependenci es and conmuni cation |inks

are est abl i shisglebyslatacme belfavigPiniatakingdd sERYire So Ht”agéﬁiﬁdén%é?{ GikS. 42
The nmethod of claim 33 further conprising specitfying a wzard tirer

conpri si ng Qidewale dBRfpBnMite @ﬂﬂﬁcdﬁ?ﬁ(ﬁhﬁ??ﬂ kfeg{ dfr({]% rﬁgﬁﬂg{gf \9\%&%& @ug}lf}%%négﬁ t

proper framework interfaces are I npl enent

associ ated w ' ! Lzard tier. e used during a
devel opnent Wg?g’g%scg?ﬂp?ig?mT eéﬁn@%%%ﬁgynéfnéﬁﬁ?’ﬁaq%%f@?’ atf‘aﬁff?i sing: a.
speci fyi ng : l.es equi r ctivities for the testing tier;
and 59 b. élsnl%%ty% ngga easn%g’%%{oroeﬁ‘fﬁ ﬂ?gllf%é’éP’FVisf’ﬁ%'?etCBmH%qﬂh]év%lccept abl e
tests of a software conponent; c. wherein the rules and activities
conprise at |least one test harness to run a test script and store test
results, whereby . the LJ}eft har ness_i nspects a software conmponent associ at ed
with f a framewor®: t o [PREEHOIOheleim B Tusdex seanreisivgeplesting bisress npl enent ed
all the required interfaces for that franework and that the interfaces
function priSf¥pIeFompanentsigtopdietraereneous collartidBmulie it neprdsents ul es and
required activities are defined by and derived fromthe requirenments for
devel opi ng dedorariddiusingssgptityent . 45. The nethod of claim 33 further
conprising providing a tenplate tier, the tenplate tier conprising

tenpl ates conprising predeterm ned software | anguage

37.  The method of claim 35 wherein collecting business software

components uses a generalized collection interface 1o collect other business software

components.

38.  The method of claim 33 further comprising specifying a framework
for the real-time device tier to support communication with and event handling for at
least one real-time device, the framework comprising properties and methods that
support a predetermined communication interface and a predetermined
event-handling interface whereby a real-time device can communicate with

connected software components.

39.  The method of claim 33 wherein the interceptor tier comprises
properties and methods to allow interception and control of messages passed
between software components or calls to a software component's interface, whereby
an intercepted message or interface call may be validated, interro gated, and acted

upon by callbacks registered with the interceptor tier before the intercepted message



i mpl erent ati ons of persistence, collections, and iterators for software.
conponents wthin the tenplate tier, whereby the tenplates are uzqad thn
conponent inplenentation to facilitat® the inplenentation of pred et A0y
functionality and to reduce the maintenance effort for extending the

functionality .of co nents. .46. A nethod for generatjng an application
conpri si ng s%f‘?%%@%ﬁﬁ%‘éﬂ’éﬂf@g 1.3 (Angd SPENRIF SOEBPRSBh &N WIRE Yaldsan gi ven
structure, conprising:. a. determning an application's system

requi r ement s?“d&‘)nWItQ%ﬂ%quSP@?%l%ﬁf ﬁheawwmaﬁ,to@wesaﬁwa@ comporatsore tiers
froman initial set of tiers to create a nodel design, each tier being
responsi bl e nfesfacgiomgcuti without nipdifineg esweete withetprgel wditwaoncoprpogeranmatic 2 9
J UL 7004 60 2 9 J U1 2004 responsibilities, until all the tiers
collectively satisfy the application's systemrequirenents; c. for each
tier, creating a framework, conprising: i. defining an architect context
for software conpmnentThetngeths of@ksif Gh Fr@ek: vhhpriddat tier, conprising
speci fying a basic design structure, including base conmponents, of that

tier; ii. defining a |spaiifie AhaHM 18 reistQiRGULABIR ViRl hiBfiGepRaPONENt S
to be associ ated vviths?hé?@tg‘l er to irrﬁgésrrent t he cti er; and feiplg&

speci ying a sel of StandRst JialiR6d RF ks AP ARk FICAMLERTRENEN!

categori zed as belonging to that tier; framewor
c. specifying a method for creating an instance of a software
component.

4]1.  The method of claim 33 further comprising:
a. specifying a method within the application tier for creating

applications that use asynchronous behavior,

b. specifying how software components are created and registered; and
c. specifying how service components are connected;
d. whereby dependencies and communication links are established

before an application begins responding to events.

42.  The method of claim 33 further comprising specifying a wizard tier
comprising one or more wizards developed for frameworks to insure that proper
framework interfaces are implemented for a software component associated with a

tier, whereby the wizard tier may be used during a development process.

43.  The method of claim 33 further comprising:

a. specifying a set of rules and required activities for the testing tier; and



i, cHecking each required software conmponent for existence in an

I nventory of software conponent conponents; ii. selecting for use within a
tier software conponents within eacB% ramework that are al so predéhtlli 4
the inventory that satisfy the framework; and iii. for each required

sof tvar e cOMPONeR! Nosifly e Rilbs drd 1bd1red LR 96 Herrlik b ilhfideds S L v €

conponent to satisfy the requirene each tier: assenbling all
sof t war e component COPRRN ciated with the tier into that tier;
and 2 9 JUL 2004 61 11. g%%ﬁnlﬁéathe sequenci ng and data rel ati onshi ps
between that tier and achtgth r téer.mith whi.ch Ehat tier needs to be
sequenced or excfiange“GSER NGHFsand BUPRUSSICARIPESE 2t {438 opf Mesthampess to
collectively satisfy the application's systemrequirenents into an

i nvocabl e appl i cat i onTURAASSIRHIPt A4 HETE tet resplss: wharsby thedesthareeshpri sing:  a.
defining a testing tier; b. testing the invocable application using the
testing tier; and c. nspecisccRofthgrecorprseniasshiisted wathif aisowbiok tappl i cat i on.
48. The net hod of claim 46 wherein defining the sequencing and data

rel ati onshi ps bet weeninshrgithat thersofiwadreeampoenhbas implemended hll Weiredquitehat ti er
needs to be sequenced or exchange data are acconplished via a graphical
user interface. interfaces for that framework and that the interfaces function

properly.
44.  The method of claim 43 wherein the rules and required activities are

defined by and derived from the requirements for developing a software component.

45.  The method of claim 33 further comprising providing a template tier,
the template tier comprising templates comprising predetermined software language
implementations of persistence, collections, and iterators for software components
within the template tier, whereby the templates are used in component
Implementation to facilitate the implementation of predetermined functionality and

1o reduce the maintenance effort for extending the functionality of components.

46. A method for generating an application comprising software
components, each software component having a given structure, comprising:
a. determining an application's system requirements;
b. with the system requirements, creating one or more tiers from an
initia] set of tiers to create a mode) design, each tier being responsible

for providing a discrete set of application programmatic



49. A conputer program enbodied within a conputer-readabl e nmedi um created
using the nethod of claim22. 50. A conputer program enbodi ed w tﬂln a
conput er -readabl e nedi um creat ed usi ¥ t he nethod of cl ai m 46. JUL 2004

responsibilities, until all the tiers collectively satisfy the application's

system requirements;

c. for each tier, creating a framework, compnising:

1.

1.

defimng an architect context for software components to be
associated with that tier, comprising specifying a basic design
structure, including base components, of that tier,

defining a Jogical grouping of executable software
components to be associated with that tier to implement the
tier; and

specifying a set of standard interfaces for any software

component categonized as belonging to that tier;

d. for each framework:

1.

3.

checking each required software component for existence in
an inventory of software component components;

selecting for use within a tier software components within
each framework that are also present in the inventory that
satisfy the framework; and

for each required software component not present in the
inventory, obtaining a software component to satisfy the
Tequirement;

for each tier:

assembling all software component components associated

with the tier into that tier; and



47.

48.
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1. defining the sequencing and data relationships between that
tier and each other tier with which that tier needs to be
sequenced or exchange data; and

packaging all the tiers that collectively satisfy the application's

system requirements into an invocable application.

The method of claim 46 further comprising:
defining a testing tier;
testing the invocable application using the testing tier; and

correcting errors within the invocable application.

The method of claim 46 wherein defining the sequencing and data

relationships between that tier and each other tier with which that tier needs to be

sequenced or exchange data are accomplished via a graphical user interface.

49,

A computer program embodied within a computer-readable medium

created using the method of claim 22.

50.

A computer program embodied within a computer-readable medium

created using the method of claim 46.



