PLATFORM FOR DATA SERVICES ACROSS DISPARATE
APPLICATION FRAMEWORKS BACKGROUND [0001] Data has
become an important asset in almost every application, whether it is a
Line-of-Business (LOB) application utilized for browsing products and
generating orders, or a Personal Information Management (PIM)
application used for scheduling a meeting between people. Applications
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on the application data. Typical gpNMIINORKS/LIONS query a collection

of data, fetch the result set, execute some application logic that changes
the state of the data, and finally, persist the data to the storage medium.
[0002] Traditionally, client/server applications relegated the query and
persistence actions to database granrggamantisystems (DBMS), deployed
in the data tier. If there is data-centric logic, it is coded as stored
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[0003] In such tiered application architectures, data is manipulated in multiple
tiers. In addition, with hardware advances in addressability and large memories, more
data is becoming memory resident. Applications are also dealing with different types
of data such as objects, files, and XML (eXtensible Markup Language) data, for
example.
[0004] In hardware and software environments, the need for rich data access and
manipulation services well-integrated with the programming environments is
increasing. One conventional implementation introduced to address the
aforementioned problems is a data platform. The data platform provides a collection
of services (mechanisms) for applications to access, manipulate, and manage data that

is well integrated with the application programming environment. However, such



active notifications, better integration with middle-tier infrastructure.
SUMMARY [0005] The following presents a simplified summary of the
innovation in order to provide a basic understanding of some aspects of
the architecture. This summary is not an extensive overview of the
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innovation or to delineate the scope of the innovation. Its sole purpose is
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innovation disclosed and claimed herein, in one aspect thereof,
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storage of data, which data includes structured, semi-structured, and unstructured
data. A common data platform interfaces to the data storage component to provide
data services accessible by a plurality of disparate application frameworks, which data
services allow a corresponding application of the different frameworks to access the
data. The data platform further comprises an API (Application Program Interface)
that facilitates communicating to applications in the form of public classes, interfaces,
and static helper functions, a runtime component that interfaces to the API and
provides object-relational mapping, query mapping, and enforces constraints, and a
constrain/security engine that facilitates declarative authoring of constraints, and
controls access to entities of the data platform.

[0008] In another aspect of the subject innovation, a common data platform (CDP)

provides data services which are common across a variety of end-user application
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applications such as Document Management and Collaboration
applications; LOB applications such as ERP (Enterprise Resource
Planning) and CRM (Customer Relationship Management); Web
Applications and System Management applications. [0009] In yet another
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in_connection with the followin a description and the annexed drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  FIG. I illustrates a system that employs a common data platform (CDP) in
accordance with the subject architecture.
[0012]  FIG. 2 illustrates a more detailed CDP system in accordance with the
disclosed architecture.
[0013]  FIG. 3 illustrates a methodology of implementing a common data platform
that facilitates managing data.
[0014] FIG. 4 illustrates a schematic diagram of CDP components in relation to the
architecture of the subject innovation.
[0015] FIG. 5 illustrates the data flow within the various components of the CDP.
[0016] FIG. 6 illustrates the various frameworks that can be implemented with the
CDP.
[0017]  FIG. 7 illustrates a common database-based file storage system scenario

allowing multiple applications to share data.
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associated with a plurality of disparate frameworks. [0020] FIG. 10
illustrates a two-tier deployment of the CDP to facilitate data
management. [0021] FIG. 11 illustrates a two-tier deployment with shared
data to facilitate data management. [0022] FIG. 12 illustrates a second

cQodips|ratianughiat-A0 arplisRtign hagsid ateidatadhaii #988wWetks in
want seen and/or utilized by other applications. [0023] FIG. 13 illustrates

a I LBISRgUAHBR P @i 86t tH A HHERHEFE application accesses the

st®1 9jrectiyd00 24l dnlsresldid upratesia drag Wah denioMghilications
configuration of the CDP components. [0025] FIG. 15 illustrates a
teesiaicdepibyhmiRtonRg dIRBA D FHBBBES components. [0026] FIG.

1¢odpefratesi@. diegnasakthetpplicadan JogisuTiRacamPoet i tigtatliahta
tier and the middle tier. [0027] FIG. 17 illustrates a diagram of the
aPHieLEE Mgic running on both the client tier and the middle tier. [0028]

Fi6021§ illustiatas medeling iems il apdakaast RPhetitydalOR2RkHIfate data
19 illustrates extensible mechanisms to implement various functionalities

by S PBFAting the UAF on top of the CDP. [0030] FIG. 20 illustrates an
exempie of@GOB appticationednd topipmentadsehihadppide@Sihas

FIG. 21 illustrates a methodology that facilitates managing the flow of data
R RS Aot arRetSF e o e o g R Rlisetipns.

m@drsjologydthatfaniktaies dapleyiogftRiRacssratukiRie dispamier
framewaorks, wherein disparate applications can be related to each

frARRASAIRY G SETEIBS 99T HEYs a block diagram of a computer
opes2hje toregecutiithe-atisalased aschidphiynesOO34] dukatiddoliusiraes
a schematic block diagram of an exemplary computing environment in
aEeBIA M with the subject innovation. 4 DETAILED DESCRIPTION

[0@82F [ he FIGhitedtlirgriss’awhilescidbadploimkafesentigioa ofadagsP
Wpoergleﬂ(r)]nents.
[0026]  FIG. 16 illustrates a diagram of the application logic running on both the
client tier and the middle tier.
[0027]  FIG. 17 illustrates a diagram of the application logic running on both the
client tier and the middle tier.
[0028]  FIG. 18 illustrates modeling items utilizing at least one entity.
[0029] FIG. 19 illustrates extensible mechanisms to implement various
functionalities by incorporating the UAF on top of the CDP.
[0030] FIG. 20 illustrates an example of a LOB application being implemented
over the CDP.
[0031] FIG. 21 illustrates a methodology that facilitates managing the flow of data
within the various components of CDP.
[0032] FIG. 22 illustrates a methodology that facilitates deploying a CDP across
multiple disparate frameworks, wherein disparate applications can be related to each
framework.
[0033] FIG. 23 illustrates a block diagram of a computer operable to execute the
disclosed architecture.
[0034] FIG. 24 illustrates a schematic block diagram of an exemplary computing

environment in accordance with the subject innovation.
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like reference numerals are used to refer to like elements throughout. In
the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the
subject innovation. It may be evident, however, that the architecture can
be practiced without these specific details. In other instances, well-known
structures and devices are shown in block diagram form in order to

facilitate describing the arcH%@&ﬁFéEﬂ@d%%?@ @M this application, the
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Management and Collaboration applications; LOB applications such as
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[0 3t8l Thed DtP provides at least the following benefits to applications: 1.
RICATIPE RREVESDABRIRT B FH O RRE Store all types of data (structured,
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T e
Unistigratededithada: appiliestion programming environment. The subject innovation is
an improvement over the conventional data platform. The architecture is a common
data platform (CDP) that provides data services which are common across a variety of
application frameworks (e.g., PIM (Personal Information Manager) framework, and
LOB (Line-of-Business) framework). The range of applications include end-user
applications such as Explorer, Mail, and Media applications; Knowledge Worker
applications such as Document Management and Collaboration applications; LOB
applications such as ERP (Enterprise Resource Planning) and CRM (Customer
Relationship Management); Web Applications and System Management applications.
[0038] The CDP provides at least the following benefits to applications:
1. Rich store — the capability to model and store all types of data (structured,
semi-structured, and unstructured).
a. Relational data modeling and access.

b. Rich object abstraction and programming environment.
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2. Flexible organization - the capability to organize arbitrary collections of
objects and not statically, as a table. a. Support for file system namespace
and organization. 3. Rich query/Search - the capability to query all data.
a. Support for rich querying (e.g., SQL, OSQL (object-oriented SQL),

XML Querying, SethSefkeneala®@ 2ilcim@ funstianaliangsage dhatyimea

superset of SQL. 4. Rich behaviors - support for rich data behaviors. This
is not a repldceHstURF e ARt AlBUsiness process logic. 5. Flexible

admipistra¢iaplc ackniatisoniat cifisrant Jpanalaite srifsy@Medevak of
operations such as copy, move, and serialize). 6. Data Synchronization -
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and mulctsiﬁle application frameworks. For example, sharing Contacts

across CHiiBOKENP @RI 4hpIrcRABILY 40 SesdAlgatich, out-of-the-box
schemas fop Useii B {ndarerent. SUpRRItYRIqobARRlsH IS SO)L),

facilitate collabgration with_each other. 9. Flexible Deployment - i
deployable in tv?%%r%rlﬁ%%gnS#éﬁﬂ?&ﬂ?ﬁ%@%é%s@ﬁﬁ@f@@w&ﬁaguage that is
associated architegierRestaitgs all the benefits described above. Key
innovatigns include a layered architecture, a common data model that
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managersesitdrinests dataspplivatians aad sppiication frameworks 104
and data on g data stqre 106. The data store 106 can store, for example,
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supra, theiRR Lol qimvides data services which are common across the
applicatign frameworks apd.end-user applications assaociated therewith. .
T Gt R SPOATLY kBT DB AE R LGS FHRIFAA G muldple
the appligatitvasiandapphoakionHoamenwplksshddna (ontaes comademddk and
10, and onstraint/security engine component 112. The API 108
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provide ﬁ?ﬁlr‘?ﬁﬁg 6 interface for applications using CDP in the
form &f Bubkenatassas, iniedacesbardchemas for user and ISV (Independent

Support Vendor) applications to facilitate collaboration with each other.

9. Flexible Deployment — deployable in two- and three-tier environments.
[0039] The CDP and associated architecture enables all the benefits described
above. Key innovations include a layered architecture, a common data model that
factors out the modeling concepts common across multiple application frameworks,
and a CDP component (functional) architecture.

[0040] Referring initially to the drawings, FIG. 1 illustrates a system 100 that
employs a CDP 102. The CDP 102 is employed to provide data management between
data applications and application frameworks 104 and data on a data store 106. The
data store 106 can store, for example, structured, semi-structured and unstructured
data types. As indicated supra, the CDP 102 provides data services which are
common across the application frameworks and end-user applications associated
therewith. The CDP 102 further includes an API 108 that facilitates interfacing with
the applications and application frameworks 104, a runtime component 110, and a

constraint/security engine component 112. The API 108 provides the programming
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static helper functions. Examples include StorageContext,
StorageSearcher, Entity, TableSet, Table, EntityReference, and
TableReference. It is to be appreciated that database programming
language integration (e.g., C# sequence operators) can be part of the API
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the various features exposed in the public API layer 108. It implements
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CDP runtime 110 includes: the common data model component
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trgpgacieng ggmponent; an object cache, which can include a session

cache and an explicit cache; a services component that includes change
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which provides the core persistence and query services. Internal to
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consﬁraintlsecuritg }%‘Eine 112 which provides for applying constraints
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unstructured data types.
[0043] A goal of the CDP is to support rapid application development, by enabling
support for a variety of application frameworks 204 (denoted AF,, AF,,...,AFz). The
frameworks 204 can include LOB, end-user, and system management application
frameworks, for example. Applications 206 (denoted APP;,...,APPs; APPy,...,APPy)
associated with the application frameworks 204 (AF,, AF,, and ...AF, respectively)
can leverage the respective application frameworks 204, the CDP 102, and the
underlying stores 202 to develop rich applications. The benefits of a layered approach
are described infra.
[0044]  The store management layer 202 provides support for core data
management capabilities (e.g., scalability, capacity, availability and security); the
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CDP layer 102 supports a rich data model, mapping, querying, and data
access mechanisms for the application frameworks 204. The CDP
mechanisms are extensible so that multiple application frameworks 204
can be built on the data platform. The application frameworks 204 are
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[0046] At 300, a core data management layer is provided that models and stores
structured, semi-structured and unstructured data types in a data store. At 302, a CDP
110 layer is applied over the core data management layer to provide data services
which support a rich data model, mapping, querying, and data access mechanisms for
application frameworks. At 304, one or more application frameworks overlay the
CDP. At 306, one or more applications are provided within each of the application
frameworks that can now access data of the data store via the data services provided
by the CDP.
[0047] FIG. 4 illustrates a schematic diagram of CDP components of the subject
architecture. It is to be appreciated that the positioning of any components and/or
boxes in this schematic does not imply (or necessarily prevent) any specific

deployment across process/machine boundaries. The CDP utilizes an optimistic
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8 concurrency model so that if changes are to be saved, and other
changes have already been made to the underlying data, conflict
detection resolves this in an application- specific manner. To be an
effective data platform, the CDP includes features such as programming

lafgiéasR ABieRGRIP e fieh tatranpedaling PeraigNaRIfAReWRikaes have already
services, and so on. The API 108 facilitates language inte%_ration and data

abeesdnife 4o hspndsalyingotyGieadlieTsistrgHamE ol eeid R s ey appdisation-
Bejasidomaimagneste dniiesithaldhe Bimakes the hare® matiedtuch as

of assumptions about the nature and shape of data and the semantic

cOREFAIMRIRSANER 8% TCERHIRG difd Ak A % \REBSIRRCfolTaMRTR T,

feiiess(dagadbad mHparerderihnfrarc{08d@] o mmendatatade] access by
(CDM): At the center of CDP runtime | 10 is a CDM 402. The intent of the

CEMRRS3E1B 1RSI0 thE MBdEing 'dohoebtsstdimalen Brrssdamaifagnostic

applitRteRdepaD®, fiekeLMplisaiansiwarkin® MadnbipMsa e daia nature and
(PIM, documents, etc.) to LOB and enterprise data. In addition to

prORANY fit AH;the stherAUIG SORSFNEHSHEERE R tite EDWNUe bR GRS

SypPAdEOMStIRbWh g Westikstidest apeli S e Miosérdetaied/data. [0049]
Row/entity data - The CDM 402 su&pqrts a rich Entity-Relationship model

to Withre fnaramgedid dRb(bhdvion brstsetsred HRth g ddihess COM

daw). The ikteVo402ic NEUIEY setofihercareielaiideah Masdlepritbommon
extensions for rich bstraction and relationship modeling fe.g, an

bject
AR H@Hﬁ@h%ﬁ?ﬁ%‘@ﬁ%’e PTRRIRL SRS B H PR Ag Ranly With user data
relptngbipubenteen P closakirdeksmig Qrderddaasipd @OpRIVIdi gaiten

- The CDM 402 supports the "file stream’ data type.to store an

S A S P i DML i s A SHEvS i
data@scaurfilbaandsuppericfileiakegss APIs. The file strewn data type is

nati supported in L Serv ed to an NTFES file strewn, and.
O PR s e Bl g Br o Sl R R4 i oTtip model
modelyng-chRestsicuaitingd tertenddsrafiigratiaasd datdiie £DVsHREs dsing The
the entity types, useful content can be promoted as structured properties.
DR A S e S G e RO dohbf o7 RS PR object
itabsmattion imaneenityshiptroddBiss thegstamcired mrdpestisisiglang swith

the file stream oéunstruct ed cg‘gtent. he.file backed items provide

-1Jo acts; | twee chase 0(Srder
I BRI G Aong Wit & SRS BHOHE BN T A Ot e

strenes,)[0051] XML data - XML documents can be modeled to two primary

\évﬁgm ;T?%i%g(feﬁgig ﬁ%léff)tlef%&as,%gpnoéswked%?e %Pc%n@)dmg ygéetg( é\t/lol?e and
manipulate unstructured (file) data. The file stream data type can store the data as a
file and supports file access APIs. The file stream data type is natively supported in
SQL Server, mapped to an NTFS file stream, and supports all the file handle/stream
based operations. In addition to modeling the unstructured content as a file stream in
the CDM 402, using the entity types, useful content can be promoted as structured
properties. Database-based file storage systems define the notion of a file backed
item, which is an entity that models the structured properties along with the file
stream of unstructured content. The file backed items provide for rich querying along
with stream based operations on the associated file stream.
[0051] XML data — XML documents can be modeled to two primary ways in the
CDM 402: (1) store it as an XML data type; (2) map the XML document to one or
more entities (e.g., similar to data contracts). CDM 402 supports the XML data type

9



more entities (e.g., similar to data contracts). CDM 402 supports the XML
data type 9 as supported in SQL Server. The XML data type can be type
of any entity property; the XML data type allows for untyped or typed XML
documents to be stored. Strong typing is provided by associating one or

MRSk SENERES %m&hqiwmcm%@é%%g'@@e[gp% entity property;
Programming Language Integration includln%Query, in the AP| 108: The

cihe EMP ek ivecaitperontnbasd adRrd N HsSCGHRS 4 feskyrade Strong
PeyBiseRGR o4 IBY 2956 4kth SER¥IBE Bl XMt IRAENSWAIHROXML document

business logic hosting 416 are encapsulated in several "runtime” classes
aP5RHIEH the CDP API 108 (e.g., StorageContext). Based on the types

aypospgd inpueeiMidOR e P Mdesiaodimeerls 9aps atetB amIY08: The
typed CLRO((;%?mmon Language Runtime) classes. CDP. requires a query

|ar Ry 6 &dRTol At ireeRIpROSBiS e EiRRE AN\ RS EBRA Y @By i), persistence
SUPROELfsErSEeNIaRea LPaIats and LRANH asdittuguesy lesigureeng 16 are
the purpose af the subject application, the query languages supported by
CERsaRrE gl oty Fete et tBas BHnAsH eRIEr L%S@fgé%@ﬁ)(e@m
isgoNvisianRida)subsismeiie: 9@ itienaldipe P Ne®2 selectbPdusign time

and project operators). While_ the syntax may not be identical to SQL,
C@RP%%HB@% é*ﬁ%‘é%ifé@@’lﬁﬁ% %%‘H]HH% oaRIea N eBmel ilietich PP

quefiffeaginstthe abiecostiugit (epctbpitthe pRgrammes @DNSAOEN C®may
goal is toCaIi n CQL with the Sequence Operators work being done by the
C3HBPatip: EAlPSLR IR ANOSR) 5%&5?3@ 55 QHERGRSIEEY; JisjeLic purpose

basestabbjractipplirgassthdalizesiaragingay slpiioralidatammBare generally
management system (RDBMS) (or any t&ﬁ Cﬁ?‘ﬁ enabled stor%%.
FUFIREF A COPR LS RO Lol el LBty bsume the
pessistantbaulenstorRlain, itELRBIRNhieCis (RAGCRI0A3Welsigiengatax may
Engine TEG persist ine provides declarative mapping definitjons
R SRR R R TOE
pisitesdhiahcpimecirogaitie tielatjuraksigresesiihatehgine dnehideswoekieryith. The
generation conép en.tﬂs[réﬁt Ehown th§t takes an %ressi n dﬁfinﬁd |¢¥
tHEPRUSAY BHSCes S A ENFRSSR &S JBEEa&?FérV%%gp BOGSR G theny™ group:
cdnbiaésitiwitlefifeetDetigradivae mapmialy thpisiivisdnbasequivalact cluegyinst
expressions.that acces %ue nderlying tables in the@t%m An update
R SR8 SRRt RGBS LRANER (RIS Ll fragother CDP
aedabitid therd)elpotheappiagDelagataisdeserihasdwawkiodiidrslatd tthoseably
changes in the warld of object ZB nges i world of tables. [0054]
TR B LR AR AU fihed above, the COM
[0053]  Persistence Engine — A persistence engine provides declarative mapping
definitions that describe exactly how objects are assembled out of the component
pieces that come from the relational stores. The engine includes a query generation
component (not shown) that takes an expression defined by the query processor, in
terms of an object query expression, and then combines it with the declarative
mapping. This turns into equivalent query expressions that access the underlying
tables in the database. An update generation component (not shown) looks at change
tracking services, and with the help of mapping metadata, describes how to translate
those changes in the world of objects to changes in the world of tables.
[0054] Querying/searching File and XML data — As explained above, the CDM
402 stores the unstructured and semi-structured data using the file stream and XML

data types, respectively. The CQL is capable of querying these data types. For file
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402 stores the unstructured and semi-structured data using the file stream
and XML data types, respectively. The CQL is capable of querying these
data types. For file 10 content promoted to structured entities (e.g.,
WinFS file backed items), CQL's relational operators can query these

enylirst phannsirucivieddalasterad as filwistewr eandbe fﬂé&ﬁﬁbe@%r&
full-text search. The XML content can be querled using XPath or XQuer

[OES100H; seE RO SRARBR S Stlite Ebipibved Jupiets

abgtrastion 68 japrRiasalatianakialuian. stoEeqit &%ﬁ@lﬁt%ﬂw&ﬂ@ﬁ% using
O-R mapp component. CDP supports both prescriptive mappings
|§<§g-‘

(éﬁ’rﬁ &Littes'Aidw mapping occurs) and non-prescriptive mappings (type
desisRer hasoramR dexihiibnvapshecifgingarpings)dNaficstieat Based

database based file storage system implementation today uses

pRESEARHOR ARARPINGR trhiiomabi ydaRPESe Hetsrdinraridnanohls
neePHaB-rpiRHYe CTIPRIPESHINA peaching: RIPFRIMEDPAIRRIBS how

a cache of que% results (e.g., cursors) and uncommitted updates. This is

cANURPIAE QL ﬁ‘%%&ﬂ% RESSEIRILYS SHARRIRES AR RS ARATSE dRR SOt exibility in

eRpRIaTitemRRiaatioNet e tkiNaldissarnesRumatsaed iy serevides
various consistenc CH{ guarantees for data in the exqu(lt cache. The cache .

pMBIFRS TR AN RETE ) (B0 FRRRRRZ A BHACTRER BRP BRG Sl inghsistence
th@amemmydabj@ﬁtpréggﬁi]\@wlypﬂfg)@essor When querying against

the store, CQL queries are mapped to SQL; h wever when going against
th@%’%&inc.t%a@ﬂggc‘%% JHBHBE ZpRRHEs £ %yﬁﬂaeaﬁi%ﬂﬂsp%ﬁ gursors)

Databm&eraﬁﬁ&sa tqa&aaeﬂw amwyoarmaﬁsqresﬂaa QuREy PORESSOPRHNANGS an

R e S e TRy B e e con

tk}ﬁ&ﬁﬂ@@lﬂaﬁi@ﬁ&im@k@b@c@zﬁﬁﬁmaml@aﬁqn thésewslikingaoRe. TBe cache
' et passed to rocessor, which is a pipeli e and.the

DS e BB LB e BB C RGeS th the in-

pravides bofbdierward-only and scrollable cursors. Cursors support

tions, multj-level groyping with expand/collapse st ynamic
157 M L B g S S R
emammmswhhswmwﬁeﬂ gbi@giag@msymeaﬂmpmnmm@@m queries are

B ERCRTBNRL i SRR e A R & R e neprocesor. The

quETry pProcessor allows multiple frontends to handle multiple query languages to be
expressed, and then mapped to an internal canonical format. This is done in terms of
the domain model and objects of the application it is working on. The queries then
get passed to the processor, which is a pipeline, and then get converted into backend-
specific queries.

[0058]  Cursors: CDP provides both forward-only and scrollable cursors. Cursors
support notifications, multi-level grouping with expand/collapse state, dynamic
sorting and filtering.

[0059] Business Logic Host: CDP provides a runtime environment to host
data-centric logic on types/instances and on operations. Such data-centric business
logic is distinct from application/business process logic, which can be hosted in the
application server. Objects are not just rows in a database. When objects get
materialized in memory, they are actually objects that have behaviors which the

application can invoke. There are extension points in the system that are mainly
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application server. Objects are not just rows in a database. When objects
get materialized in memory, they are actually objects that have behaviors
which the application can invoke. There are extension points in the
system that are mainly | | events and callbacks that all operate to extend

the, &laPad BNHRRs Tikeas epiesis Bre bRl iustabiestsubtie L Riebiefocts are
NET ob{ect:s, etc. CDP allows the capability to intercept property ort

mRhB RISt tResE bRt piifchabifs SatfcuSiBm e thethseraahilitrto
these@RBigsisy dROG Beivieesils BRIQVIES 8 CAlRy Seheb SEEICesWhich the

are avallable to all CDP clients. These services include rules, change
trREREL TR CRNEE dN, eventing, and notifications. Eventing extends

the660P ruﬂmésl@lﬁplﬁ}&aﬂé@\él@% leute)fseiviees Whial arphcatenstiall
add additional behaviors, and also is used for data bhinding at the user

intdPRCHC D6 L 1 eSB ASTAT RIS CRISS prB oSSk gnSaaiies Axteehing-

cempenenidd oeriattleast prendhallavetiae e Designanéol 20them framework-
constraints declaratively. These constraints are executed in the store.

TYPIERISVIAE K BE BPEEHB e LRS! LhethelEsdahtish Kuisisg! for data

lemgtinprecisdaResaalerefault, check, and so on. These constraints are

enfarced by the CDP constraint engine at run time. [0062] Security: CDP
pi0UfHs a toIBAE JAGTRF REIEFC RS FOEF S ERIETRIIY cRmdnRd 112 to

hat [¢pleodsuchidsadiniisiraéog e weiRer copfiaies, Ridarach ratadse

assigned a set of access permissions. CDP's security engine enforces
tHE B BT, 1 Qe diHeEn, Wé’ﬁﬁﬁ’ ;5%8%‘6‘&6 Qi%aﬂifmﬁ%‘aﬁor

CRAtEHiNGREGRIHIY saohtiesdigiiefedoRiohhecarUdtunodickabnePeit These
authentication of ?n op?ﬁ?ti g tem user, authorization.level of entities
(A S RIETEE aLIE S 1D PR B NG AL B 063] Note
th@0dg corseiraiitis/cauRIphy ddepoRenbdskd i dliiiraiedesepacaiserfardredentials
the CDP ruptime component | 10, since it can operate as a separate entity . .
HSBHTBIRS Aftarreliny A B HRG EHEIAH Ay TRRES Ve €. Tach fole i
cansiraddts/sacuriycso pyranssibisl 205 Paebinad withitlee:sforées these security
con;i)one Zog%fwhich c %e the. gatabase .sg/stem &OOG&%T en ¢
(ORI LTSRS IR N AEr HIROAEFOP VLTB g ez
centitzapptlealiDs ane kegiainhitbdehnabsdigyiblyickphoyedoacsfas operating
different tiers. I\i{‘ote that the positioning of the ruptime components (o
DRSS DS o L R g o read
spedifipdieplayment across
[0063] Note that the constraints/security component 112 is illustrated separate
form the CDP runtime component 110, since it can operate as a separate entity
therefrom. Alternatively, and perhaps more efficiently, the constraints/security
component 112 is combined with the store component 202, which can be the database
system.
[0064] Taken together, these features provide a powerful platform for developing
data centric applications and logic which can be flexibly deployed across different
tiers. Note that the positioning of the runtime components (or boxes) in this diagram
does not imply (or necessarily prevent) any specific deployment across
process/machine boundaries. It is a schematic diagram used to show functional
components.
[0065] One of the key advantages of the CDP architecture is that it provides

flexibility in implementation. This means two things:
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process/machine boundaries. It is a schematic diagram used to show
functional components. [0065] One of the key advantages of the CDP
architecture is that it provides flexibility in implementation. This means
two things: 12 1) Some of the components shown in FIG. 4 are "mobile” in

the senssythabingy eatpivenn siferent Processes/hissacSregiticatye the they
Constraints/Security _engine 112 typically lives in the store process 202 of

FIG. 2. SpRbYamcGhipsaLpiecsatsm iorE SPeticatitothe GopBARSsCHItY
order to haygea fulyfuantanivgif e pladgivespesifisaliycthe Object

Cache 414 can consist of just a session cache. In another

implermeNBiadr e e Shew e ik ilChitiaesthte RoliemPLIRRR SHHIR RTdsH tchave a

synchroniggdrnith 0 s1@ie: PIRERHETS RIAERERO! he@DBRRAALASHIVEN4 can consist
objects in the object cache 414. [0066] Several features and/or

compon&hidshRHREEBBARS L ARBE TRt stdc Aktgardgelude
supra, ahth&greteaehdiehteR R/ il BeoSMEnRihBaewiiadet (VW THOGuery

wherein the intent of the CDM 402 is to factor out the modeling concepts

commorP RIS ALRIPRS ARG APigs I Hirihe pBifchpifadibhs working

M@Id WithS ereg b I0RERR Can BV c6RpUMaN Dfeke. (D98 RIek BRENRiHESe detail
dr%a. In general, there are two possible technigues that can be utiIizgd to
[

Tendisht StReHAGHCHBH%IRY A9 CRRGT 5 depts 'S peftgretipymode! (CDM)
cangeivhbleinaheanesiahhe QPRI 0T )i demadtorflt tnstabedideaieepts
precisely what a "Custlomer",means (from LOB dom%in) and wh;t a . v with
"SEFEBIM AN TR 6 S8P HEAHAThY AR Sb BRIGHP 2540 18%ide B By Wit
baser aver (WhickiRp plicaticmdesigNes DBy AEaR Heie aata, dewaieral, there
specific types, constraints, elatiorl}shipﬁ. Tae CDN‘8402 utilié??guthe. -
s@EORYC: 6@8}@3&‘?{1{}‘%&?&8\% s44psdile uppisPEpeREh sy D
flevtialel iramaeptodpdoirauthevitg aawdyabk (orituacengsy thedeland) 40zhain. For
can be both a data mog(,altyé?ﬁ?., ‘itq?‘ctually,,defines ertain ¢ f?s an%the'r h
SORREES Y RIS 2B dtaCHOQEI o oAb Leiemitn gpd what
ottresrsoadalsind Q6] Sempwhihpddabtores; ahthe) BRM 02 faseible base over
dis usgsed P.elo.w béléare not to be sezﬂﬁas Iimitig%ﬁon the s#;i%ject traint
aﬁS‘ffIlS HR THE DA SER MR CETIS (E e YRR SPESTACHEGE chpstraints,
olirétivashipsthEleonDapisoaf tahles, thewse didedfgsoactdsughdate st pnotaliss basic
are e;%posed by, §1§CDM 402(? Tge CDM ﬁoﬁz car?&de.fine a richer oﬁé%cl;t
aBSHACHBRAPY AT R TBIOLARETIONE IO ARTRLIE REhAHIEY (B sense,
mbd&liDY! a0 2eaiviertddrtifasts msitd @oncapishslbhdrsientitiesin types and their
relationships ng entities, inheritance, containment, and collections of
soepa ﬁlgs(? Cﬂ{%%?st% a %Wﬁﬁzné%#tla& g., 1t allows specifﬁ:a%on of 0 Iher models).

[0067] Some of the features of the CDM 402 are discussed below but are not to be
seen as limiting on the subject application. The data model can subsume the
relational data model. In other words, the concepts of tables, rows, queries, and
updates on tables are exposed by the CDM 402. The CDM 402 can define a richer
object abstraction for data than tables and rows. In particular, it enables the modeling
of real world artifacts using concepts such as entities, relationships among entities,
inheritance, containment, and collections of such. In addition, the CDM 402 can
minimize the impedance mismatch between application structures and storage
structures by aligning the programming language type system closely with application
abstractions modeled therein. Moreover, support for application behaviors (e.g.,
methods, functions) and a flexible deployment of behaviors to enable two-tier and

multi-tier applications can be provided. The CDM 402 can also capture persistence
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minimize the impedance mismatch between application structures and

storage structures by aligning the programming language type system

closely with application abstractions modeled therein. Moreover, support

for application behaviors (e.g., methods, functions) and a flexible
depiymentkpahavigisooienaieivadish il b e ARRHERtieRsH f@Rent of
be provided. The CDM 402 can also capture persistence 13 semantics

inds SRty O bRTIaRING PH i dtorsiciOMe the enablement of
thedeBM 4G2dTbrvimplememedievepRiine yasinlyepisstarestdlORBlgThicepts
CDM 402 can invoke a pIurali%of concepts. The following concepts can

b8 &4 IRF ARy Mstriomade BebmipleirRsiiehiedissigh domidispecific data

Spesdiics daia INRASIS 1hD RAISE T dhREptowin 8 contemife8aRe®re of the CDM
considered the core of the CDM 402: 1) an entity type can be an

afficatiah el harcapdafieamphitaiondlousiig iPprip@iasgng erouping of

Mehnds Wi gieARRMNIDeIs AN NSIARCE oh ARRATYYREeAtS 19RE 1t is to be
appreciated that an entity type can be organized through inheritance

hidPREEHIRSS 2)3h apapie s RO RE £ SPBHE S HEH T B BlsErius: 2) @
otaBleaptitiegiddsincheptitieiss WhRNtaNCBe PReHEIL D FAPIRHE KIS CAking
recursively define data ierﬁerchies., The table can be stronﬁlyt ped in the

sERLEhHAPREG a0 RRIFSARPUSALARS SATTSSU ST ivishig Sata higrarchies.
subiy pese Snatakitoaetycapdieiamhertitydhase gitepeittscarcotBpidsiain entities

This is the base case for the recursive data hierarchy defined using tables

afl 2T /AT C5A b RIS QI UFirh 18 ﬁ?eae&?@w&?aed%{f&%sﬁ are
ambl%)s?nﬁéaﬂ@mbué@aﬁsemﬁf?rsamﬁéiamn%ﬁmtmﬁsdad %tweg@iﬁgmﬁiﬁas and
It is to be appreciated that the relationship can be exte to define
SRR CA AR AL FOOHET Kb oGO r bR Ot
setdeinitign earcosds Rihetootaxkdiviobexaraplentaischamaoferdhsreciated
purpose of this subject application, the imarg urpose of the schema is

o R T AR A R oy (R ASBr HHE e romaRB AL e in
theesdiemas i\diathilg sahdansfopmtideortoplevel defithoe DM déd2ir Thehe context

stoFra?%e canb aIIoc}?ted di ect\z and/or inchjJr ctI%/ E}/ ctreat'n a tat% e sef.
F8F IREERRER thé t5i5Whg" SESUHBEBYY MLLILEQISH ARRIAIL B G ABIary
selirpoehenta: Nelreeapace deiySe hemapddy 6 Béoping aldataaidyplthe elements

Name="LOBData"> <Property Name="Orders.' Type="Tap| >
BTy Lot RIS T B O LT ERy O Bhrghg0>: The
Namegé‘Eaﬁdmaisrba@tp@d?%abgeéﬁdﬁduﬁaiikcﬁ?b@peeaﬁh@mtabl'e&“slapp]ﬁefs"
TYIE)S%&:H(-:I-C? '%(%’1'89/'{%2) p>seud0 code illustrates an example of a table set:

<Schema Namespace="MySchemas.MyLOB">

<TableSetType Name="LOBData">

<Property Name="Orders" Type="Table(Order)"/>

<Property Name="Customers" Type="Table(Customer)"/>
<Property Name="Products" Type="Table(Product)"/>

<Property Name="Suppliers" Type="Table(Supplier)"/>

<Property Name="PSLinks" Type="Table(ProductSupplierLink)"/>
</TableSetType>

<TableSet Name="LOB" Type="TableSetType"/>

</Schema>

[0070] An Entity type can have properties and methods associated therewith. For
specifying the types for properties, method parameters and method return values, the

CDM 402 provides several built-in types: 1) Simple types: Int32, string, other CLR
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<Property Name="PSLinks" Type="Table(ProductSupplierLink)"/>
</TableSetType> <TableSet Name="LOB" Type="TableSetType">
</Schema> [0070] An Entity type can have properties and methods
associated therewith. For specifying the types for properties, method
ParneelYs andemaihestisalvpoialupsying (UM RQARHRYHIas$avarRl types
built-in types: 1) Simple types: Int32, string, other CLR 14 value types; 2§)
ErtiFBratbiipean d&iggiaﬁfxae@fmdsrﬁ%nﬁe}lwtr@@fefé%%eﬁ»@@é (discussed
(isissep ipfeaic 208 AmrantuPeH Qe 86 colpeHanLINeHNE OREEn nline
(discussed below). Properties of these built in types can be grouped .
tobéthreY RETRIPPE ARG/ PRyE8 R RATIES Qi EhgTpBl YRGS Below is an

memprs &f wthgsJnéine types. Below is an example of the above:
<InlineType Name="Address"> <Property Name="Linel" Type="String"

"

NullabeBgfderae Nﬁgﬁ:f,WQEHﬁﬁﬁrﬁumz'{ 100"/> </Property> <Property
Name="F ARy a@ﬁs?rm NUIRETeHRge N ulpisgtieaxiumum="
100"/>"LB18 uBRselONGme="City" Type="String"

Nullabfe X RSH <Length Maxjumum="50"/> </Property> <Property
Name="SeREOII0SH QNFJ,L:R’I%‘BTeg g e N AblE U Rimum="2"
MaximuhfR8hMaxsgpeey s 09 operty Name="zipCode" Type="String"
Nullab@LRIEES <L ength Minimum="5" Maximum="5"/> </Property>
</nlineTyPRI PODPICThE Chiity BEn BE'B8nS BYAMiZing the built-in
types andBFh M BBRL ol éxample, the following pseudo code

demonstratES'HE entity: <EnfityType Name="Customer”
Key="Custoiey §gn2gr§$é$%ﬂ%%?ﬁ2§tr¢§§t3‘wi$%emr?ﬁ]ée—“%tring"
Null abf_e%gael\d)lmmumZ 2" Maximum="2"/>

</Property>

<Property Name="ZipCode" Type="String" Nullable="false">

<Length Minimum="5" Maximum="5"/>

</Property>

</InlineType>

[0071]  The entity can be constructed by utilizing the built-in types and/or inline
types. For example, the following pseudo code demonstrates the entity:

<EntityType Name="Customer" Key="Customerld">

<Property Name="Customerld" Type="String" Nullable="false">
<Length Minimum="10" Maximum="10"/>

</Property>

<Property Name="Name" Type="String" Nullable="false">
<Length Maximum="200"/>

</Property>

<Property Name="Addresses" Type="Array(Address)">

<Occurs Minumum="1" Maximum="3"/>

</Property>

<NavigationProperty Name="Orders" Association="OrderCustomer"
FromRole="Customer" ToRole="Orders"/>

</EntityType>

The entity (except the table set) can be contained within a table based at least in part
because table sets are the top level organizational unit and a table set is composed of
tables. Within a table scope, each entity can have a unique key value. At store-wide
scope, each entity can have a unique identity — its key value concatenated with its

table’s identity, recursively. The entity can be the smallest unit in the CDM 402
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<Length Minimum=" 10" Maximum="10"/> </Property> <Property
Name="Name" Type="String" Nullable="false"> <Length
Maximum="200"/> </Property> <Property Name="Addresses"
Type="Array(Address)"> <Occurs Minumum="1" Maximum="3 "/>

<IRroRaEND| <haNigatins RRAtY Namestordidesperations can target the entity,
Association="OrderCustomer" FromRole="Customer" ToRole="Orders"/>

<NERRTE)TyPR PP eRTIE} Tk BBt e Rablendis] LaRcBYsbot AT aYALIRPY, delete,
taRigPrseacRbjLasititdart. bEcaHImial|R saitAEE ¢he BORJBN @) the context of

organizational unit and a table set is composed of tables. Within a table
%%%@9@3%%&9%&%@%%& detias tha RRNCARRS AR ARk By type,

eaal @Y eaRAIaKeIR dhifse detitct HRkey ke CorRcatepMadMidy ey
table's identity, recursively. The entity can be the smallest unit in the CDM

46318 RFRSHORHE DKLy -dReYsrReRRhP e HsE Wo 2GR Spererisehean
targedihigsentityes wherein the operations can be, but are not limited to
persist, store, move, copy, delete, rename, backup, restore, etc. The

infMY B pe MBS ExisRCGSER fe FRIBEHESA SYrihle RFfsHRGTairpCe to

CoMi02 ReRdativnedhescanseplvef aniapritactientitydyReinyRieRar€ yields its
substantially similar to abstract classes in the CLR. In other words, they

CcARETISE iHETSlstiEne eIt SERTCRGE Y 'SL05 Shfly B AR RIS $rohl EPBFRARE Purpose
olhEkfirstrptiable &b dRRKAPARMRNtYY RierpRcaCardes dafihedasacustomer

durable, persjstent reference to. entities. Reference values range over
emﬁg}@hﬁﬁiéﬁ i ra%%%@vmmtyil}aégﬁﬂg% (LR GErBRRRSH Y Ahe

refelenaaiyiel dscthd Ertisdnstad eestdhernynma yepur passxof ratesgaeas is the

to_enable entity sharing: for example, all orders for the same customer

wisa HRS E A1BRIS Midhy HMRRSY value for the Ref(Customer) property,

SQUTES Jordamertiieasaseisridl wath hiase IR LR berte Ribidiys iepg arthim Sixth

line of code in the following cqode sample is an example). [0073] The data

SRS d R WA Ve I RO S OBl e

pRKSFRIRefeleticnpligtiey gaaddeabeklicithp RippantletalishFMs a limited

; %’g‘;’ S B B Y D L R e L A O P PR M8 sing
associations and compositions. The following example can be illustrated to

understand the capabilities of associations and compositions:

1.<EntityType Name="Order" Key="Orderld">

2. <Property Name="Orderld" Type="String" Nullable="false">

3 <Length Minimum="10" Maximum="10"/>

4. </Property>

5. <Property Name="Date" Type="DateTime" Nullable="false"/>

6. <Property Name="Customer" Type="Ref(Customer)"

7 Association="OrderCustomer"/>

8. <Property Name="Lines" Type="Table(OrderLine)"

9. Composition="0rderOrderLine"/>

10. <Property Name="ShippingAddress" Type="Address"
Nullable="false"/>

11. </EntityType>

12. <Association Name="OrderCustomer”>

13. <End Role="OrderRole” Type="Order” Multiplicity="*"

14. Table="SalesData.Customers”/>
15. <End Role="CustomerRole” Type="Customer” Multiplicity="1" />
16. <Reference FromRole="OrderRole” ToRole="CustomerRole”

Property="Customer” />
17. </Association>
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way. Yet, the CDM 402 supports explicit conceptual modeling of
relationships using associations and compositions. The following example
can be illustrated to understand the capabilities of associations and
compositions: 1.<EntityType Name="Order" Key="Orderld"> 2. <Property
NamegiDraesldp e Nathieg" Oidbablecrfalke>> 3. <Length Minimum="
10" Mapgmuraps; 4 En R 51RECORIGY> By eRronasy Names Dalaes"/>
Type="{ate Fimg|dNiable="Talsribinb TPpereridame="Customer"
Type="Ref(Customer)" 7. AsspgiapneOrdsyGustomer”/> 8. <Property

Name=z'LirgSonhybgtohable(OrderLine)" 9.
Composition="0OrderOrderLine"/> 10. <Property Name="ShippingAddress"
Type="Address" Nullable="false"/> 11. </EntityType> 12. <Association
ULl ordRATERSHRRPTS 130 Hpfi 9 RESH S REFRBA T s Geferen entiis.

Mgl tifdi GBYve Exahtp1d, ablerdSalesPata. foustanieser 3idn s&sbéiation. In the code
Role="CustomerRole" Type="Customer" Multiplicity=-"1" /> 16. .
<FASRRIE AR er SRR RIS g RO T IS BT eSSt Rfgmer (which is

Prppéfivd yustoraRieiRlpropdfissosiasing 1.6 i raesWositiatsociation is
Name="QrderOrderLing"> 19, <ParentEnd Role="Order" Type="Order"

PHSHERLLIRES /> | 20! SBRIGEHAH AL OrIgr ShasPiFBLTO LR Mrfgrder to

Molfipbigiey tHind Q84 2]sodeMpesiien R Alohie asR0GIALNS-CANon line 14),

oA i GPABIE e ey i P EdaBrHE O e sggiation

salemlﬁ_eammg |&.{aﬁ Beshds dhafdhe @rdesdeasian. associated customer

UIBGAls RIS s obery Cueoned: T el

asBe6ialinsn S ramogRINE eSO Vglding ddtitalat eaysphakion each

C}Je g?ig]nes %@uv'f' zlllr%%_r_opler?;] Illgtejl}sé%)\’/ia identity reference (e.g., Document.Author
property relates to Contact. Name via the equality condition). Association entities
allow the modeling of relationships where the relationship itself carries some data
(e.g., the employment relationship between a company and a person might carry
properties like the employment period or the rank and title of the person within the
company).
[0076] Compositions can represent parent-child relationships and/or containment
relationships. Consider Orders and OrderLines (e.g., Order is the sum total of what
you put in the shopping cart at a website; OrderLine is each individual item in the cart
—abook, a DVD, etc.). Each OrderLine makes sense only within the context of an
Order. The OrderLine may not independently exist outside of the containing Order.
In other words, an OrderLine is contained within an Order, and its lifetime is
determined by the lifetime of the Order.
[0077]  The above depicted relationships can be modeled using Compositions.
Line 8 shows an example of a composition. Lines property and the OrderOrderLines
composition (lines 18-22) express that an order controls its lines and that lines depend
on the order that houses them. It is to be appreciated that the order is the parent and

lines are the children. The main difference between compositions and inline types is

that compositions involve entities. In other words, it will be possible for an
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there can be multiple Orders (Multiplicity="*" on line 13). The type of
association depicted above can be called a reference association. [0075]
CDM 402 defines two other types of associations: Value Associations and
Association by Association Entities. Value associations allow expression
olorglatiansiipe via ARYePHIREBRtdUshiddsentikyifet {®t®be in the
Document.Author property relates to Contact.Name via the equality
c8RAMfo AR ciation entities allow the modeling of relationships where

theaeftionshpyisrificariescome;datad @dex IR R MBIRAIMERE relationships is
relationship between a company and a person might carry properties like

tHERH SHRPHEHISEAYBE: SPRRET AR WIS titR T RARSIBHSBI Y RAThDtilized as
cenanamsk itk Canpostirnstaniepesert Rasentwitsuiealippstipdre
and/or containment relationships. Consider Orders and OrderLines (e.g., . .
OFr§RHGY s Rl SRARARYEERY INRESHEmSiAG EARR H Y Vg, Within
Orgleding ipeaghiiichiah e mhin2PeQal codelfemenPdéEh ficve Bath

OrderLjne makes sense only within the context of an Order. The
OFCRIAGHES R NOL W FEPETIUERRR exist outside of the containing Order. In

other words, an OrderLine is contained within an Order, and its lifetime is
determined by the lifetime of the Order, [0077] The above depicted
relatiorfghips K} B@ToYBREd U EbnBSitg RO TRl shows an )
exampfe of a COMPELIRATERSEY DRIpET fgjf h&Bp SRR IHEE ustomer
compositio &(Iirfégrﬁfg- 9 XTIt AP rad P E6Rtrals its lines and that

lines d Be?? G th®8rder that houses them. It is to be appreciated that

the order is the parent and lines are the children. The main difference

between compositions and inline types is that compositions involve,
TR A R R A N
tasgrl of @deftiencrlchhg reas anadindnadypebsannasiepto i dayote CDP is
example. [0Q78] One benefit of the CDM 402 and its explicit. modeling of

B hGANGE 1o A T2 LD SUBUFER P A Fhca based
quepy, SLbE00)zathapetrstbricoringtanits gitersobjsiorartidind alpprgs
orders (without having to store explic
ARG o AT

R R

lingngBagk thiassedm fitagméail gzen:thduergirdsdeprpduced below for

T e D S SRRl A% o
mappings: 1) prescriptive O-R mappings; and 2) non-prescriptive O-R mappings.
Prescriptive O-R mappings are the mapping between CDP types, wherein their
relational representation can be hard coded into CDP. The type designer has little
and/or no flexibility in choosing the layout of the underlying tables. An example of
this can be a database-based file storage system. Non-prescriptive O-R mappings are
where the developer has varying degrees of flexibility to choose how the CLR classes
map to the underlying storage structures. There are two sub-cases that can be
considered. 1) Exposure of an existing relational schema as objects. The type
designer uses a high-level specification language to design CDM types, tools to
generate classes based on them, and the flexibility to specify how the types map to
tables. This scenario arises when CDP applications are deployed side-by-side (in the
sense of using the substantially similar data) with existing relational applications. For
example, a car company’s IT department can have an LOB application, wherein it

wants to write a CDP application which goes against the same data (probably as part
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FromRole="Customer" ToRole="Orders"/> 30. </EntityType [0079] The
persistence engine 408 can include object-relational mappings. In other
words, the modeling, access, and query abstractions provided by the CDP
is object based. The primary storage technology utilized by the CDP is

relatiang-b (SigratRRbt2R0R)). THE: RS SIEREASNUNRA BB HIHZeOB
object-relationa mappinas (also referred to as "O-R mappings"), wherein

trRPPratiRAed Bisginy sdd P isataneundngeiigeigassbitomys data. 2)

updesiving drulanpnepiesasttatiosd A8 Al rEhanensistrace andinevdP&adves not
provide two cases when considerigg O-R mappings: 1) prescriptive O-R

mMSS R B Sn BT iR B BZR TRsssiRG eV psstgtpilReseloper wants

MARRHPARAENAS: I AP RINDIBOIESMEARIP IYRES, thpiptt el tiglatigRalre many
eff)resentation can be hard coded into CDP. The type designer has little

21 HASFIH6 SRSRAINS I HG B S RN SRR underlying tables. An

exeosple of THYE AN fufhtahadedeassd Henstarnos austeMot shown) that can
Non-prescriptive O-R mappings are where the developer has varying
e Hisw

d8GraEL e fERBRItFIERAGES e HIP IR BT R RERELCC A §E fglc available to a
uaderlyiRgisiaaoesisHetemd hepeogrenineBab-TasesdbahaathB8urface can be
considered. 1) Exposure of an exjsting.relational schema as ohjects. The

typASHRET R (ees SPRTGH-feeas s%é%ﬂé&ffb‘ﬁ%ﬁ%%@&&%% Lalineppools to
tymlé%sfifefaﬁsggmabeaamasml S?Q?]@@ﬁbeﬁhsﬁﬁdlt@ﬂlﬂ@ﬂf;@%é@ate CLR
specify how the types map o t s. This scenario_arises when CDP

a% ?é%ﬁigﬁ@é@%gwea@a&ﬁ% R Yerge &%Eh@-&eclasses and
sulstasiiaily similar datRhpiticexistingidlalionahapplicaiansigt @or querying

e le, a car cqmpany's IT department can have an Lg aﬁ)plication, f
o TS TP SISl A, PV 8. A AR G surface
datariprpiablytralpard poofd stapohytstigpototdicrbateliapiraBidiidgainst the
re%u'rement Is that both the LOB application and the new CDP

a

CENER AR toii8her against the same data. 2) Persistence of a
cqiestpn of kiaSBPFsprioidetelationahsch@vanidieSdavels Deifidagsnaingsege

ST AR o s e G LR H T i R e for
adpfedigiedtihatyinsreie by, effeianhisenacog whightgenresatbdbistraints.
requirement 008%The CDP can further include a programming surface

(n RS ﬁ? ElRe eﬁl%létﬂﬂﬁfgglaaﬂﬂﬁsdesign time. The programming
surfate el lmeader avditedpplicad o B3 gpplidatigmn da3Mnens) add/or

o R L s e ST i
(pronounced ay-pig), which generates partial CLR classes corresponding to
these types and relationships. The APIG-generated classes are available as
assemblies to application programmers and can be referenced by their
application programs with the C# using clause. The classes generated by
APIG are, in a sense, canonical classes; they can be a direct representation of
the CDM types within an application program. In one example, application
classes can be constrained in their definition — such as, for instance, when the
application is using classes from a pre-written class library (graphics package,
math package, efc.). The application can use the object persistence framework
of CDP to durably persist and query for instances of these classes in the store.
Such objects can be referred to as Plain Old CLR Objects, or POCO. CDP

supports POCO scenarios as well.
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enable type designers to author CDM types and constraints thereof,

generate CLR classes from these types, and add behavior to the types);

2) API (e.g., classes and methods for writing CDP applications); and 3)

query (e.g., language for querying CDM objects such as entity instances.
Thesg coBReARNERIShINSAPHAMMINIRHPRRS WOl IYODII i@él@@lapfsqcaﬁon
provide a strongly typed, object based abstraction against the underlying

store dafleS{ERHSIIPHATE BB GSIHEY BIARCIRFAIROCBIEI T SERB Hgfe concepts

DefinitiogyeARGYAAEs 4SRN ABAOPRSIARLL S dataldeipidion how a

language or C# class definitions, for_defining entity types, entity tables

relationsFPSARb g s HiPtrsEs ofthecohidftcordde iarnsdigia SUL

design-tigael SAMROARRISiA:, ARl &eneratered pRanRlication designer
desiﬁs CDM types and_ relationships using CSDL and uses a

desigh-tRFEIE 1obi &Rk APREIBRETHISSS BhGH: AHRH BnERatayrtion

partial CbRIdassaesOIserPRAGIPR iRniess nesRntkRIpaskiRs: fliRtions,
APIG-generated classes are available as. assemblies to application

programefaEhATOSRAE Te ERR SG IS BipPREASHe RS PsTaRmtn (€&
the C# usihg alauss Jhetstapses generated by APIG are, in a sense,
canonical classes; they can be a direct representation of the CDM types
wififsAn aaﬁﬁc%rﬁarﬁm@g?aﬁﬂrfﬂcaﬁ@%ﬁﬁﬁ?ﬁé?%ﬂﬁéaﬁa? Rk SEReEAR be
consiainadnp dhgicdeipiianiomiicth as, Jartiostaneaestwiras C1ep amlicatingn e

is using %Iasse_s from a pre-written class library (graphics package, math

p UL GUPRALY: The application can use the object persistence framework

of COP tgai¢rabpiyNretsist anesqueniSer insiites of thesePTiaasespostistores,
store. Such.objects can.be referre%? to as Plain Old CLR Obijects, or

POCO. EBBORUAFOREBOIE (S Sl Qs G il 1YY EBAEET Kafional
mappingstbhigeSeaphag il ¢reUTSty ftelp@. apdisaiitiandesigners

declare crete, non-prescriptive mappings between store concepts
such-hs COSA e, LRI SLPE CHLUSaTRUSH A8 SHBaM SRR dent
constraintgeénec iniigrpdf thadeRibdédastildtheRvapipaschip, & QHsion, etc.
declaratiye constraint, a trigger or stored procedure. 3. Behaviors.
CSDE e SRS e oL R R TP

businessidagia iscinyiesagolduiat dnstadeesmieinocsioas stadie {TDBIA0S, but
as store%&roce ures. It alsg1 determines tigi tier where the logic may run

(e.g., C RS SREST f properties and behaviors.
[0084] CDM 402 can also define a query language, the CQL. CQL is designed to

The
ecﬂlsses such

allow rich queries against the object structures that the programmer works with. The
following are three identified techniques utilized for the basis of the CQL formalism:
1. OPath: The OPath language has its roots in SQL and XPath and was designed
to be a CLR-object version of XPath. The design builds on the XPath concept
of path expressions to expose a method of dereferencing properties of objects
in sequence. The design is based on one simple principle: developers expect
to see collections of objects as the primary “structural” construct in an object
oriented API. OPath can be the POR query formalism for a database-based
file storage system.
2. Object SQL: This approach extends the SQL query language to manipulate
graphs and collections of CDM objects. Windows Query Language (WinQL),
a variation of SQL designed to query and manipulate graphs of CLR objects,

is a candidate design for the extensions needed in SQL.
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[0083] The programming surface can further include a CDP API, wherein
programming surface applications can be written against. The CDP API
can have three subparts: 1. Generic CDP data access. This is the portion
of the API that exposes stores, sessions, transactions (e.g.,

Storage CONENtb VeI SRIISS TS §s-a PIATSSSAERERNs ARGESREIR typed,

services (e.g., SaveChanges). 2. CDM data classes. This is the set of

canonic&CEPpRicGfhRefs N ArdasE QB PBRTHG A s RsorRRjRd e hroad
as Entitys1Rglafiansiht bxieasiaen €613« BNRAIC RIS EBESRS:. THBBbject-

are application/framewark-specific classes such as Contact, Message,
PurchasBOIRioRad WaRiBE orm to the CDM 402 but expose

dpgosR)-spexiticcpranstias endbaado GpdASA] pRVhADA SRS AlSGnost sense
define a query language, the CQL. COL is designed to allow rich (%ueries

adiRSCATRI b BE RS &t e SrOGr SMAMREF N SR UARR. FRentes, updates,
fallgeting ay g diemidentiigddasinigions uldizestipethesbasis efthe HRD-R
formalism: 1. OPath: The OPath language has its roots in SQL and XPath

A RPARERURPADEN VST BF RESHTER TR SO Batman hgssppsrations to

buﬂd@@nﬂg@m@&gﬁgﬁpm@fmth expressions to expose a method of
dereferencing properties of objects_in sequence, The design is based on

on8fhple prineitesHERIBRET e VPG 888 BSIRIORSHE Bt BhiEER 54

the: fuipadybessctinalc sl UEh intgit ohjech arigedn ARl lRadh cancbe
thﬁ"rngR uery formalism for a database-based file storage system. 2.
OBeEtEQEY his approach extends the SQL query language to

manimuIMmarﬂpawdmllﬁ@ﬁﬁ%ﬁ@f 6131&6 gkpj@é‘ﬁSa mM@w%QMenshesle are
Language (WinQL), a variation of SOL designed to query and manipulate. .
oraphs SPEFH e T G e R4de o L B A G g hin
in SQL. 2y dath Srguende: Qperatossickiisds asattbé eppBricosionshiovay
stronglyé&y%’ed, comgile-time checked query and set operations that can

be applidq 8 LBR5 Shss of transient or persistent collections of CLR
objeds (&rplivati dalgpate Reladicpatsaapnvigs[0RaSpStuategiRallysdbevGthin the

S R T e TR R s v
are pgrf@hmaﬂlaaa)kpae_é Qﬁmthﬂdﬁ& _(cnsweqo'ﬁoﬂgrappbﬂz&rsn epage. Thedhd? words,
D SRR i BSIRRNRISR AR 198 SRR PR s
Often, these classes are automatically generated by APIG; however, in the
POCO case, the developer can explicitly specify a mapping between CLR
classes and types in the schema space. The application space can also contain
relationship classes in addition to classes for entity and inline types.
3. Storage Space: The persistence format of the type in the underlying store. If
the store is a relational store, then these types are tables/UDT/core SQL types.
The O-R mapping component of CDP supports a mapping schema that allows
types in the schema space to be mapped to the types in the storage space (e.g.,
the Purchase Order entity type could be mapped to the PurchaseOrder table in
SQL Server).
[0087] The CDP query language targets the application space. This makes sense
because a developer wants to query using the substantially similar abstractions that
they use for other operations (e.g., objects and collections). However, the semantics

of CQL are described using CDM abstractions (the schema space).
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underlying DML operations in SQL. [0086] A relationship between CDM
types and the programming surface is described below. The concept of a
"type" in CDM 402 can be viewed at three different levels: | . Schema
Space: The description of the type in a CDM schema. These are abstract

tyess) thersgrserthahthey mavdad axpheily Reunataralizgeiyiihin &Ry, when
component of the runtime stack (e.g., from the arggelication all the way

dSHHG AR SIT JAEBITCSRIMN B SRFh v H et be YRk tHfpdamain of
g Felasses withinthgoGEP ARIthiRergcangdetant fhEAESPPNIPRESide a

between entity/inline types in the schema space and the data classes in

e3P C4RE ATSLARRI IR I8P SardS lodaPrcenthgSa s AR pehf ¢PL can be

Clavli s6hemarGan Jesills el srhiv 6199% thOfiald Jnegr dasses B@mples of
automatically generated by APIG; however, in the POCO case, the
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typesikioihe &abersm shase chbeapplsaliappsRasetfant alsRICon B dment
relationship classes in addition to classes for eg;géland inline types. 3.

SEOMSYE I8 aREC U hd BIGHS sTEH S Kb HRECRASEY it MRt Alfing store.

If [ob8gtoreTihead elalianaltsiane bihafdhraalypr e hlealdbl/gakeat run time.
SQL types. The O-R mapping c_omﬁé)nent of CDP supports a mapping .

inthahdieardgwactyp somoiu Lz e ShME %6 Barishhid t teasipias

inthensiesagie sPpmeddesDof theRdeehase Pldpmeniivrdyeexiehpr, CDM 402
mapped tg the PurchaseQrder table in SQL Server). [OOBZ] The CDP

TSR i eV NG EE BhBAS AHIHE K HEETAHIS THaReQldth e igining @ble.”

a Tievelapanteaiits (e veysivgsthensubsiantiady sivlilarrbstiaciicesathaber

they use for other operations (e.g., objects and collections). However, the
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spaf&tes MOABBIsidtebidiraian aisceitelude topskaiby/sertydyidltZor the

AmEFL A e I ek e spepic ool

thadlicRsly ionfreitant ferch e urorad enaC V3, iernytpearas caapicdiairitten
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ceaﬁp&im&md@aibw hem aed posiiddetdicldesinptes tyagogstraints .such

RN, Rrecision seale, defayl and chegls 2) ariay yoe constalns,) o,
controlling access to entities in the CDP. The security model for the CDP must
satisfy at least the following scenarios:

Authentication: The security model can support authenticating operating
system users. This includes users in a domain, workgroup or a disconnected client
machine. It can also include support for both NTLM and Kerberos based
authentication.

Authorization: The CDP security model can support authorization of security
at least at the entity level. It must also allow managing separate permissions for read
and update of the entity. At the minimum, the constraint/security 112 provides for a
“property” and/or a set of properties of an entity to be deemed as the security
identifier of an entity. The access rights of an entity are determined by a function
associated with the table which takes the security identifier as a parameter. The CDP
should also allow separately provisioning the users who can change the security

identifier from the users who can change the rest of the entity. It is to be appreciated
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constraints, occurs, unique, and check; and 3) property constraints, etc.
[0089] These constraints can be enforced by the CDP constraint engine at
run time. Note that the very act of conforming to the CDM 402 implies a
set of constraints when seen from the level of the underlying relational

Stﬂh%&-tE@CW&Hﬁ|§1@Q%4Q&efg%f§15rﬁl@béi§é/&m&féﬂwmél§ AsIAYR KE¥ferent
within the scoge of Its containing table." This translates to a unique key

cOREMsHER that &srecrd @i are several other examples of such
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two types of constraints: those that are implied by (and required for the
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ﬁggggﬂﬁ?d 22&@? th\E CDP can su&pc%rt a mor gtene al tr.ole based
BSOS RARETRE e diadions atIPRETRUANARA Wtk @ cursor
[0pat i eubRetbytiieplyl Ooppintalrscatiachsauft bét(@u9. neimobjesidcachitaying
414) of guery results (e. ursors discussed in deéail infra) and :
oo i e WO
sesginrewachendabauseiilisitedito theomestiansntralvsddtiang kidenlting a cursor
addition H comes into existence when a essiop IS
especially when updates, paging, etc. are taken into account) means that any data
platform should provide a cursoring model.
[0093] CDP provides both forward-only and scrollable cursors. In addition to the
basic functionality of browsing and scrolling, CDP cursors provide the following
features: 1) exogenous notifications and maintenance; 2) multi-level grouping with
expand/collapse state; and 3) dynamic sorting and filtering (e.g., “post-processing”).
It is to be appreciated and understood that cursors may not be a different mechanism
to specify a result set; result sets are specified by queries, and cursors are over these
queries.
[0094] The CDP can also include the business logic hosting 416. When multiple
applications are manipulating substantially similar data, a key requirement is to ensure
that the data remains trustworthy — that is, guaranteeing that data conforms to the

various validation rules, business rules, and any other system of checks and balances
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created and goes away when the session is terminated. The CDP session
is encapsulated within the StorageContext object. An application can
instantiate multiple instances of StorageContext, thereby initiating
multiple sessions and hence multiple session caches. The CDP can also

expangtaneihee pk absgrbeasdtieddheowxdlicit racbsod he@xplivh that

cache provides a cache of data from one or more queries. Once data is
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are not trustworthy. Qut of stupidity, malice, and/or the sjmple exigencies
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aﬁglication saves such number even though 292 is an invalid area code

signer. .
and helice the value in the
[0096] The business logic hosting 416 can employ an event handler. The CDP

API raises several events on data change operations. BL authors can hook into these
events via handler code. For example, consider an order management application.
When a new order comes in, the application needs to ensure that the value of the order
is less than the credit limit authorized for the customer. This logic can be part of
event handler code which is run before the order is inserted into the store.

[0097] Broadly speaking, there can be the following types of events: 1) validation
(e.g., these events provide an opportunity for the interested party to inspect the
proposed value and validate it); 2) pre-save (e.g., this event is raised just before
saving changes to the store and can be substantially similar in intent and behavior to
the “BEFORE” trigger in an SQL Server); and 3) post-save (e.g., this event is raised

after saving changes to the store and can be substantially similar in intent and
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telephone number field no longer represents a telephone number. In other
words, it cannot be "trusted" to be a telephone number. The usual way to
prevent this is to create a trust boundary: some body of declarative
rules/validation code/etc. (e.g., commonly referred to as business logic)

WHighVidn$o iR AGPETRIA RREES2ARGINSPRHS. dala shrngesImadeiRyibeDp
application to "approve” such change. Then, it can save these changes to

trRdorRCAfAR PO DIRTHES SRR Mdleptngrflingpddiuanthen it runs on a
apREAYECH alsaneriorcashMEHIESEEH gD RAUSAS WKW IO RARRE NidlE: the

(e.g., when a new customer is inserted, email should be sent to the
crEdit-brwdeBEpartment to ensure credit-worthiness). [0095] CDP

Plovsks seveiabnechansimionautheing oy siessiineike(Rhdic/iRRsRe
mechanisms can be divided into the following 5 categories: constraints,

etiihadsndibr<latsarnmersreer srstios IvhBas e RAIB S ashes stadépe
segipa dPeinedsnpaab tRfswbigh 45 disseisseddainposedaesall betamsdi B them,

constraints/security 112, as discussed supra, can be declarative and
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operation authors can hook into these events via handler code. For
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less than the credit limit authorj for the customer. This logic can be

pafth g?femlﬁ dﬁ%‘}%d’léh\?ﬂwéﬁ}?s‘?ﬁﬁ E%fg@’?ﬁg%rder is inserted into
the®ore. [(RdIukertly kpeaking: dhvie rariaa e fllowine: igssnets to create
events: 1) validation (e.g., these events provide.an oppqrtunity for t
RSB e TN POpBSed VB E5ah Y ANBGeS e Prcuates-
(enghil hissepentisifaisaddusiibpfopeasaving bbangtadoiesieieranthiea@n Each
be substantially similar in intent and behavior to the "BEFORE" trigger i
aR"SEPIEEAM) T 5Ly 8?&??&%&%% i ?%ré@rae{ﬂgﬁsg)a’%ﬁ 8 10
clrangeasiie tthebsterd @and danSeedvbsiardimityhsidnilBhértyptadisanet2dtcomplishes

e AT RN 20 SRl e S v

Thusjevesuppyns mringercleethic tietp i¢wantiiéohy Baskadelhelmdhiirs also run on any

a%%'ri ?ﬁa&itoélﬁlgel'sgd’eglg?g o%gtfﬂgsy\ﬁittgg]eghr?ott{gg twtiﬁ}fﬁ' gl*?er ¥2[J.St boundary when
CDP is on the client tier.
[00100] Static service methods are BL written and deployed on the mid tier and
remoted to the client tier. In other words, BL runs as a web service on the mid-tier.
For example, consider a Calendar Management Service which provides services such
as CreateAppointment(), GetFreeBusy(), etc. These services (‘“static service
methods”) are implemented using CDP and the web service is deployed on the mid-
tier. The client tier has a web service proxy which is used by the application to
invoke these services using a channel (discussed infra). This kind of BL can run on
the mid-tier, and be within the trust boundary.
[00101] It is to be appreciated that the componentized architecture makes it possible
for CDP to remain store agnostic to a certain extent. CDP features such as object

cache, cursors, sessions, transactions, efc. utilize CDP level abstractions. Mapping to
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[0098] Moreover, the business logic hosting 416 can invoke static/instance
methods. The classes auto-generated for CDM types are partial classes.
A type designer can complete these partial classes by adding additional
methods on them, typically to implement logic that makes sense to a

Pati G TyRe; @fo@a%@ta%fsﬁélé%ns@ﬂfb%i %@Jc@“ﬁl falawirgRypmplas B@Js‘i@t@nce
GetOnlineStatuso, where person is an_instance of the Person ty

elAARACRY. [SWFAlIBA i 858 Henemice (B Adarhe P! e erent stores.
SN REMaitddseasdRes ehe: Bvaitiove yiatuR, Rt king 8fpBhelst6t the CDP.

enforceable; for instance, it is up to the application to call Is ValidAddresso

1o eisdnsEuckvg ity St 18%31‘?&0{}1%? YREQUBEOTERAZSIIY AR 6P ORSEL0

it ghegachndbyMithipphe:tisissboyadan: wWhaspGdaioiss@nsha ¢lipptitigion 400)

[0099] Bindable behaviors are a coding pattern that allows type designers

tdspeathe SRS third-party extensions. The classic example is

the type for an e- mail message. Different e-mail programs may be

running on.a given machine. Each program wants to use the common

Messa%é( ?%gdtﬁgf’gﬁéh E%ﬁg&??%%ﬁfgemlf’é 98K ie the behavior of

the Se essa e method. The type designer accomplishes this by

definingy a'HE&é ﬁﬁ?ﬁﬂ?féegé?lrdiﬂ 49> method, and allowing third

parties to pply a pomter to |mplementat|on Bindable behaviors also
éﬁ GYEARIAETHLS $-hBtHin within the

run on
trust bgcimd ﬂg}?r’gP 5 SHHERN G F”[%&OO] Static service
metho%es a vt nd deag}/gsgéon the mid tier and remoted to the

client t d’éceQ ‘éWl e on the mid-tier. For
examp é\ﬂg i PLog 'é‘f %ﬁ% Sg \}&eér(whlch provides

serV|c Pﬁ%gt ﬁ% o etc. T%}S
serviceld |ce %%‘P&Weﬁ?‘rfﬁl%?ﬂ SR geisind the
web s &? ’tler The client tier has a web service
proxy #idipplication to invoke these services using a
chann (d scussed infra). This kind of BL can run on the mid-tier, and be
within the tfust boundary. [00101] It is to be appreciated that the

componentized architecture makes it possible for CDP to remain store
O S S R S A o
thﬁam@iﬂarkwmgokwrag p@b@fq&ﬁd:@@ﬂglaas%meﬂm theb@alRenfappiagnpid
B R S e ERB Mo e MG NG B
withismtOedeaDatasobfpapwhiehts Qféhlt@(ﬂ@l?he application 500. The OrderData class
can represent a table set type that is described in a CDM schema. The OrderData
object creates a StorageContext object configured as necessary to interact with the
store 202. The StorageContext’s initialization code can be part of the runtime session
and transactions component 404, which opens a connection to the store 202, and does
the work necessary to initiate a session and create a transaction context. A security
context is established in the constraints/security component 112. Finally, an instance
of the StorageContext is returned by the API 108 to the application 500. In the 2-tier
case, getting StorageContext results in a connection to the store 202. It is to be
appreciated that a connection in a 3-tier deployment can be slightly different.
[00105] Line 5: Query. The right side of the expression in line 5 is an OPath query.

The Persistence and Query Engine 408 exposes a rudimentary interface with methods
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It is instructive to examine the interaction of various components in
response to method calls by an application 500 (similar to applications
206 and application 400) using the following example. 1.void AddToCart
(String customerld, String productld) 2.{ 3. using (OrderData od = new

Otslestrata(dbidets BaRRARPINIO M IERMH = The CDM Implementation in the CDM
od.ShoppingCarts.Searcher.Filter( 6. "Customerld={0} "

c 9% Fallad)resshertaish thersregified OBt The i Haes aap RN eine 408

sheRRiIng: cREry: 8t sedush PEelEct = QdF IR wats. Seamabs philtesd. 1Pne
"Productld={0} ", productld).GetFirst(); 11, if(product = null) throw new
ESCRPHRIICRUSHE BrRARGY! hiZ cstres ibatisssunibuipapalied pieperly and that

0ehSaypLARAABHRREE sdds dnl 11d QALOBLT IhsyNB RIS adElS 2B, itERR o exccutes

persistent ShoppingCart. Imagine that this_method is invoked as part of
prBESUSHYP AR KEBNET DAY orisGRbrI o bh)-Liths £ R¥eabngnd

the:aiRtaeR ceRtexkil20Sia@gacmextdhenaapsulatedrbhaie TDS results,
OrderData gbject which is created hy the application 500. The OrderData
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necessary to interact with the store 202. The StorageContext's
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cempenarintOdewbiCRPess rstQrnatibdreishrisapphe2 indigpeas diagse to
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Finalyrsanlinstangonehthia Gieragaisentiespisatettrned by the API 108 to

BT GRANEATA S R g AT O A R

3ﬂ1ﬁrac&p¢qﬂmﬁatsp_e¢maiwtdifferent. [00105] Line 5: Ql_Jery. The right

o e L s ST A e
OrderData object calls SaveChanges() on the encapsulated StorageContext object.
StorageContext.SaveChanges() is part of the business logic hosting component 416.
This involves the following steps. First, pre-save logic is run. Then, the validation
code is run, followed by post-save processes. The validation code is hooked into an
event defined by the CDP API 108. Note that in another implementation, the
validation code can be hooked to the setter for the object. Next, pre-save code is run.
This code is hooked into an event defined by the CDP API 108. Write changes to the
store. First, the hosting component 416 works with the object cache 414 to get a
change vector which contains all changes made within this storage context. The
persistence engine 408 exposes an interface called /Persist, which is a rudimentary
interface with methods such as Write(<changeVector>), etc. The hosting component
416 gets an [Persist from the persistence engine 408 and calls IPersist. Write() with
the change vector. The persistence engine 408 maps the write request into the
appropriate SQL update (either the actual UPDATE statement or a stored procedure
call) and uses this to write the changes to the store 202. During this process, the
constraints/security component 112 ensures that appropriate security enforcement is
done. It also runs any constraint logic. Finally, post-save code is run. This code is

hooked into an event defined by the CDP API 108.
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to retrieve objects based on a CDM query. The CDM Implementation in

the CDM 402 calls a method with the specified OPath. The persistence
and query engine 408 maps the query into SQL and sends it across the
wire as a TDS payload. The constraint/security component 112 ensures

th@309yrit}éscabRtiachRIAPSTIY AN &l thenapP RiGAH ANEUERE SERIIRNBbjects in
the data that thgﬁ/ are allowed to see. The store executes the query and
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2. Vertical Platforms: A separate layer on top of CDP with its own APIs,
abstractions, and data model. It hides the CDP and exposes an entirely
different programming model to the applications. For example, an application
utilized in conjunction with email can use CDP, but expose Email Object
Model for its users.

3. “Regular” Applications: Just a CDP application meant to accomplish a
specific set of tasks. It does not specialize any CDP type, or expose a
programming model, or use any framework or a vertical platform.

[00112] Vertical Platforms and “Regular” Applications are just code; they can use

CDP any way they want without passion or prejudice. Frameworks are a little
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27 [00109] Note that running of business logic may result in changes to
the objects in the cache 414. These changes are persisted in the store
202 by a call to myStorageContext.SaveChangeso, which ensures that
the business logic 416 is not bypassed. Multiple ISVs (Independent

SHRRGENY BRRRIBNAYWANILRraD fogiRHt HRlA SheRERShnpPIRAEHE hey can
the%pook their handlers to the event and the handlers called in FIFO

(rareTR/eitbe IS BIA&FY§She CLR. In this example, the business logic
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illustrates the various frameworks that can be implemented with the CDP.
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based on CDM and hence are avajlable across applications of all

domains™{5 PE FPHREGri0s sansr il ShPMCRFEISNARL A GaISRRE G Bptions-
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framework usgs extensi,bili;[%) mechanisms provided by the CDP in order

to customiFEHP ALIRA R R BYRLIATA Rimework adds value to
CDP yvithitaevepsiadizations ancasishit anat senviseprintomeiehdhe; even if

programming model exposed ta the application is the CDP programming
model; nﬂ%mwa%ﬁﬁﬁa OHEBH- S ala{sa&a&@l’s%&ﬁgec()mext,

Storage $earcherilanildhid CQditn matiphakerhasedidestarageosyistalDP. These
can be an examﬁﬁle %f a framework on Ef CDP which is cus miﬁ%j folr
user datSCTYHFRIRAY O/ APRSPERHANS DA RUNAFSt 8 Pcfg%‘r" pelper
with its aRsAPAad alestikartions, and data model. It hides the CDP and

O e AT e
behaxpake: Bvdit©hieed iModabfobyta pbeisf@Anm&vagulain Appbcadiarsis:to all
iR e R e
useodng|frarieweikwtateetieal @ntiamewoktlo] tdpriCalCPatiayerssanc user
Ilgsgﬂlcggiloﬁquﬂgg&%ﬁg &E gHSéO%OPe?g;.Egea/at%%gslé%eased file storage system, WinFS,
etc.), a collab framework 608 (such as WSS), and a business framework 610 (BF)
(e.g., a LOB framework). The data belonging to each framework is shown in the
same pattern as the framework box. For example, the UAF 604 has data a contact 618
and an item 620; the collab framework 608 has data doc library 622; and the BF 610
has data an order 624. Notice that all these types are ultimate-supertyped to Entity
626.
[00114] FIG. 6 also illustrates three (3) applications in the application layer: a
contact management application 612, a collab application 614 (such as an email
application), and a customer relationship management (CRM) application 616. The
contact mgmt application 612 works entirely with data from the UAF 604; the CRM
application 616 works with data from both the UAF 604 and the BF 610; and the
collab application 614 works with data from all three frameworks (e.g., UAF 604,
collab framework 608, and the BF 610).
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CDP any way they want without passion or prejudice. Frameworks are a
little 28 different; since they add value to CDP without hiding it from the
application, they can adhere to the following rules: 1. The framework data
model is identical to the CDM, or is a simple, well documented

spegiasatiproftne sl i anealine.pew-baes Mekibese sHdes 8tenario
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contents of an email mailbox is opaque to all other applications except the email
application; a CRM application has an elaborate set of schemas which it overlays on
top of tables to create abstractions such as Customer, Case, and so on — thus making
the notion of a “Customer” opaque to all other applications (e.g., unless the
applications know the schema used by the CRM application).

[00118] Clearly, there is data in the email application which is conceptually similar
to the data stored by a CRM application — an example is Contact information. As far
as the user is concerned, a Contact is a Contact is a Contact; from this perspective, it
is difficult to understand why the same Contact information is stored twice, once in
the CRM and once in the email mailbox. The issues here is not just redundant
storage, but all the anomalies that this implies — making updates happen in both
places, reconciling deletes, and ensuring inserts in both places, and so on. Consider
what happens when both the email application and CRM application are built on the
CDP store 702. Using the CDM, the Contact type can be derived from the Entity type
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collab framework 608, and the BF 610). 29 [00115] FIG. 7 illustrates a
common database-based file storage system scenario allowing multiple
applications to share data. In other words, FIG. 7 illustrates multiple
applications utilizing a single framework. A CDP component and store
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structured semj-structured, and unstructured data and also spans vertical
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Wg%gjs, C[%{;> can be used as one store. [00117] The CDP can be utilized
SRR tT

HRE SRS thaianBUErHgR ABYSat WHHIR QSRR RdRmgR It is

tmdﬂadarstﬁéqdnemga@@amﬁoax@iﬂweﬁmtba&plt@maﬁm@pﬁwework
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appﬂeﬁﬂeﬂs kmewidi g Ghedoaumsed PyoheCRddapplTEion)is[B08d &jrther
Clearly,.there is ﬁ1 int ema I|c n which is c pé imil
IR ST EDy NHeSEER AP IS AR iy of
indpphatiamsAsdde aslihel unsemﬁmnoerwaﬂ theCDPagiidstiae Cmﬂ‘afeﬁmsesvork
Contact; hom this (ive it is dj ffIC tto.u (d{ tand. wh
St RALOR LGl B R P LGRS LT 8. and o
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Capmsidetions in FIG. 7 can be executed and/or run in the middle tier (e.g., a collab
application).
[00121] FIG. 8 illustrates a single application utilizing multiple frameworks in
accordance with the CDP and associated architecture. The CDP and store 702 can
provide a single data platform for an operating system which is leveraged by all
applications. A CRM application 802 which can be primarily written over a LOB
framework 804, can utilize contact data 806 associated with a UAF framework 808.
It is to be appreciated that the CRM application 802 typically utilizes data associated
therewith such as, but not limited to, an order details 814, and a purchase order 816.
The CRM application 802 can utilize CDP level abstractions when utilize the UAF
data (e.g., the contact data 806, an item 810, an entity 812, efc.). In other words, the
CRM application 802 need not utilize UAF framework 808 methods. Furthermore, it

31



what happens when both the email application and CRM application are
built on the CDP store 702. Using the CDM, the Contact type can be
derived from the Entity type 30 and its structure becomes transparent to
both the email application and the CRM application. Thus, as long as the

two tapRligienaearar %d&%tﬁ@ﬁ@ﬁ@@tf&r@KMD@pfp@@ﬁﬁfﬁ@)@Qﬁﬂ%&ﬁ%%n any
can use each others' data without being aware of each others' existence.

BE&ause CDP offers a common guery model, the CRM application (for
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multiple applications and frameworks. It is to be appreciated that the term
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stated Dhe/ EBR segartiess B puhichiapplication steragddin@ndippmdaiehn 912, a
framework  was utilized to store it. I00120] In particular, FIG. 7 illustrates a

SRR ARRdifaHE WHEr MRtV AhBhicatioRs Sh&pg YHtEefitiem fnation
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72]5%%?? include a set of UAF types related to.a UAF framework 704. The
s

X e hopRURLRATIRASH SithamwaE NHatisRatals Sameyqrks to share
inghud e amemailré®ga document 710, and a contact 712. It is to be

further appreciated that the Item 706 can be derived from an entity 714. A
pIM@lof %fﬁ&%ﬁ;ﬁéﬁm B8 VAR TR e BUTEeS
thepplAktisamawaik Wil duchis dHtnatlisndgeniorannedtiapplicasanutilize
716, arich evite client 718, and.a project M 720, It is to be appreciated
O R Pt 8 B Lo HER R AR g lovel
appicatiopy CdofatiAletBsideAddfeas(nstanTheanaaé thienapplicatiapplitation
FIG, 7 cap be executed an run in the middle tjer (e.g., a collab

TR O e PR L S GETTHEE ol
frsmewetkstaxaseataaisea widrthadiIPPalath ataneialed. alehiestavieclddseind
CDP and store 702 %an épr vide a single data platform for an operating

sSRMANH RISV 58 Yy all applications. A CRM application 802
wloon2dgn I geishiablypplitteivoved adiQlifanewaeskg804, arCuhitizgs 918, any

contact data 806 assqci with a UAF framewor 8Qg, | s to tf .
oHUEAHCh th Ao IR 2piHARGH B SR ch 5o ot AL applgion
theeréwiidd sitivasy b aoistimdedftthednOF derdeidils SibBROdGatpdichase
o’&?u%rri%g'ﬁi't can be done purely at the CDP level without utilizing any special code
written by the other frameworks. It utilizes operations specific to collab framework
908 to manipulate the doc lib 922 such as AddDocumentToDocLib(<document>,
<docLib>), etc. The collab application 914 can further utilize the CDP level classes
such as StorageContext, StorageSearcher, Contact, Order, DocLibrary, and
associated setters and getters.
[00125] The CRM application 916 utilizes CQL to query for all orders by a given
contact. It is to be appreciated that the CRM application 916 can do this query
without any knowledge that the contact was actually created utilizing UAF 904. It
manipulates Orders utilizing methods and services provided by the BF 910 (e.g.,
FindShipStatus(<order>)). It can further utilize CDP level classes such as

StorageContext, StorageSearcher, Contact, Order, and associated setters and getters.
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The CRM application 802 can utilize CDP level abstractions when utilize
the UAF data (e.g., the contact data 806, an item 8 10, an entity 812,
etc.). In other words, the CRM application 802 need not utilize UAF
framework 808 methods. Furthermore, it 31 is to be appreciated and

UINeEer 269 0dvhRhthie, G ARRIEALEIP A &N (e SitSoRAARRY nbes 18P’ DP
FIG. 9 illustrates the CDP sharing data with multiple applications
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fragmewWonkEerta WY frameweik 9Pk eaelabframewsnk Va8 dandie Sfon-CDP
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application 914, and a CRM application 916 can utilize a combination of

e RbRRCIRUSSHd CDP level programming. The CDP 902 provides

theopkrplity1of. apalicatians asseciaiedepldhpaiusatity oDispRai@irious
frameworks tq share data within a store 928. [00123] Specifically, there .
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for a contact 918; it can utilize UAF 904 methods such as itH%n level
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applicatisnapleceandiuniianddibzsraanatG R idhtime icloggasyaHeh asillidtrated,

not limited to, StorageContext, StorageSearcher- and CDP data classes
(5, SHRSELIARY ISR S&é&&&ﬁ@&%@ﬁé@%ﬁa@gﬂe‘?gﬁbﬁﬁ H{UFpeons can
ig@tion 914 can utilize CQL to query for Contacts 918, any

cobahmpipliad
d ts in the dqc Iibafﬁ?% g @rga e an order %ﬁ The collab.
b Eon R (6T 3 B AR AL et S AR e in the
BpPliAtioripretah susetiasedtvidn deagphieafiohel P, tddsDiRel €sb with@ohents
utjilizing a ecial coc(f) r'ttenﬁ t&ue other frameworks. It utilize :
ofefent R IR b WAL ot SRE LTS B Rl by s
sueh atods dBrecrmeinstaldocihib (Rionn0Demic>-CBE Gehibig, 19@4, bihd dallab
ap§lijfation 9](& an further utiliﬁe tthe CnEP dev%classjgs such as therei
StoRIEEERIINS S1BrYRSBANER LS, SRIET BECIBPRR] A yherein can
assigiatekaaitenpane gatieckif®0dandathe LRiMi@pplicatinor®16 12tiizé she
CQL to query for.all q%rs by a given contact. Ié's to be appreciated that
PRSP SOGhor] ULECR 40 e BEAR) CATADL o BB
thihoiiaah wastdatthalily oraatsgadtinz pgotbAs/ Bhitic boundary. Tt is to be
appreciated that the constraints/security 1008 can be hosted in the store process while
the rest of the CDP components can be in the client process. This is a prime example
of how the CDP components can be considered to be mobile.
[00129] FIG. 11 illustrates a two-tier deployment with shared data in accordance
with one aspect of the subject innovation. A first configuration, discussed below, is
when multiple applications share the same data. This is not to say that the
applications have to share the data; rather, it is saying that any application’s data is
available to other applications. Note also that the availability of data is in the context
of applications, not users — thus, this is distinct from the notion of user credentials.
The constraint/security module of CDP runtime can handle this regardless of the
application.
[00130] An application can interact with an API and a CDP runtime, wherein

various applications can exist with each respective component such that each
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manipulates Orders utilizing methods and services provided by the BF 9
10 (e.g., FindShipStatus(<order>)). It can further utilize CDP level classes
such as StorageContext, StorageSearcher, Contact, Order, and
associated setters and getters. 32 [00126] When sharing with non-CDP
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two- € data' | t ct of
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RS BB S G D Lo AL ) v be
appticabierts dlspiaisa availadicto: oibeldapplicatibasigiote iadsty thahddey the
availability of data is in the context of applications, not users - thus, this is

digtiicPfrom the notion of user credentials.
[00133] In a 2-tier deployment, the CDP has limited support for this configuration.

There is no reasonable support for application level security in the SQL Server store;
consequently, a piece of data may not be marked as private to a given application in
the strict sense of preventing data access. However, this situation can be partially
supported in the following ways:
e The application uses its own types, and puts its types in a separate namespace
and creates private assemblies for the data classes resulting from those types.
Since all CDP level access to the instance data belonging to this schema is
through these assemblies, other applications will not have access to the

corresponding classes.

34



The constraint/security module of CDP runtime can handle this regardless
of the application. [00130] An application can interact with an APl and a

CDP runtime, wherein various applications can exist with each respective
component such that each 33 application, API, and CDP runtime can have
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sharing of data between disparate applications. [00131] This is
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configuration supported bﬁg}g CDP. [00132] FIG. 12 illustrates a second
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two-tier deployment involved with private data. There are many user and
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file equivalents) in a database-based file storage system, it is desirable
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an email application, it would be desirable to display a mailbox, but would

rSSSIROHY 115 maBhretr ok dRYas thinges poarssylinlieap architecture
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no reasonable support for application level security in the SQL Server .
storeCTRBARYG Ut OPpidIY YAt PAED RO HRPRIGKIRD 4213y ateRrgried in 3-

givendiepRicatian RcilssHicksemsaief Iganitog giala access. However,
this situation can be partia orted.in the following ways: The

appitidion 9%%%%%%@@?% . Biias sl veaderh rdabungarocess boundary

namespasepisparaatesipiivaterassemhligsAon the datwplassesdesdlting

fr?nrgcmgg/%rtggeesg ‘boundary 1204 with an application that interacts with an API and a
CDP runtime. For the sake of brevity, only two applications are illustrated, but it is to
be appreciated that any number of applications can access shared data 1210 and/or
access respective private data (e.g., application 1, private data 1210; and application
2, private data 1212) within a store 1206 within its own machine/process boundary
1208.
[00136] FIG. 13 illustrates a third configuration of interest such that another
application accesses the store directly. In other words, there is a two-tier deployment
with a direct store access. An Application 2 within a machine/process boundary 1302
can access the SQL store 1306 directly, perhaps through ADO.NET, for example, or

another data access API. For example, large IT (Information Technology) shops

which have existing SQL applications are unlikely to eliminate it and move en masse
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Since all CDP level access to the instance data belonging to this schema
is through these assemblies, other applications will not have access to
the corresponding classes. 34 The application creates its own private
CDP store (e.g., a set of entities in CDP over which a StorageContext can

beocreatedh wheapplmp S Rather RHshed ® e eapiGAtedHeal BASWHAN be
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appreciated that private application data is supported in 3- tier,
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illustrated, but it is to be appreciated that any number of applications can
access shared data 1210 and/or access respective private data (e.g.,

applicgtiGome povstaidata &21Qhasctienplicalionmg]dpivate datbribgdR)DRI
within a store 1206 within its own machine/process boundary . 1208.
100136] B S GNP R T A OO P AL Oy SeNAg™ 2
another IappiicgditioAscesses tasioie wirecthordsilstigrofore spphiesei i a
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own logic to enforce constraints, efc. so that the right thing happens.

[00139] FIG. 14 and FIG. 15 illustrate a three-tier deployment configuration of the
CDP components. The various CDP components can be deployed in a 3-tier
configuration. In this configuration, CDP runtime 1402 is present on both the client
tier and the middle tiers (shown in FIG. 15). The application sits on the client tier and
a store 1404 sits on the server tier (illustrated in FIG. 15). Application logic can relate
to two claimants in FIGs 14 and 15: the first is a client 1406. The second are a web
service proxy 1408, a web service 1410 (seen in FIG. 15), and the business logic
hosting 1412 (seen in FIG. 15) (e.g., validation, pre-save logic, and post-save logic).
While the client 1406 is an application and hence, the logic contained within it can be
legitimately called as “Application Logic”, this is not what is referred to. Rather, the
reference is to the logic contained within the web service proxy 1408, the web service
1410, and the business logic hosting 1412. This is code written by the ISV and meant

to be deployed on the middle tier; thus, in a very real sense, this is a mid-tier
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can access the SQL store 1306 directly, perhaps through ADOXET, for
example, or another data access API. For example, large IT (Information
Technology) shops which have existing SQL applications are unlikely to
eliminate it and move en masse 35 to a CDP-based application. Rather,
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deploymésiceionti gufiatiom efcther CRR eynponeséstidehvat @uampli3 that

ggnmﬁponggé%l a%%\exfgﬁ]g%en&in 33 -tier configuration. In this _

gur : 02 is present on both the client tier and the

middBe tiexplisitodisciihfritied Jymbhia@rbeation ifnes dipeogliemiiias padern

e R Lol e e A Aplcon ol

The secehecbdtappeah ISensapprnioh 168 ed wabsanitevil ikk{serndtieved

I 19 RGE R 0 osUR LR et IR P e

an applicdikenardtbé nesldhallegissednitgdingd within it can be
[00141] In particular, FIG. 14 and FIG. 15 illustrate the application logic running on
the middle-tier (e.g., a Web service). The primary scenario for mid-tier deployment is
the case where application logic runs exclusively in the middle tier; the client 1406
invokes this logic through a web service mechanism (e.g., the web service proxy 1408
and web service 1410). It is to be appreciated that the security engine on the server
tier can be hosted in the middle tier CDP process. In a 2-tier deployment, the CDP
calls are processed by the CDP runtime 1402 within the client process; the runtime
contacts the server when necessary. In a 3-tier deployment, some CDP calls are
processed locally (via client tier) and some are processed remotely (via middle tier).
Moreover, still others can be processed in both places. A 3-tier deployment defines a
methodology for remoting the appropriate calls.
[00142] A remoting agent 1414 on the client tier that is a component that can use an

channel (e.g., Indigo) to package and send requests to the CDP on the middle tier (this
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legitimately called as "Application Logic", this is not what is referred to.
Rather, the reference is to the logic contained within the web service

proxy 1408, the web service 1410, and the business logic hosting 1412.
This is code written by the ISV and meant to be deployed on the middle

tigg tHaUR (Al A MESY d e@hseNsR Hisris AIMidieh3 fniaRrRicationrARRIIGANGR ce
Io&;ic can reside on both client and middle tiers. Depending on where the

apphédaernbyid furs) wbicharBriepEriF Y seaBi starsho GsiEpAgFats. This
congidarsphelorwiaPtAdnBeione mevnadaonseratiaemédN e chitecture

scenarios, it is to be appreciated that the topic of multi-tier deploeéme,nt is

cloXf reta RS iSRG E SR (it hal ShsidakiBRe A e oy RRaith cach

aiassBiees i i ESMRIN TP @ncampassethrifed omiasHoteR for this
general approaches to remoting application level or CDP-service level

opErBtiYns across tiers: 1. Application level remoting via web services: in
thigoaaariphdhendRplicadioncdQais 1es des st theavitie JisE@dS- such as
exposed to the client as remoted static methods. This is discussed in .

detaF§HIF PUTMpliciSBP-<Kiice cHRTENotifEAEDP SRBT cafiS'Aichset given
FindAdy10,“sdngionen leave Ghangasowii sensmahamidbie tiesdropbieitiyns can
via the remating agent and remoting service components, Thi

. This
aRhEuRE RN st e SRR MOYDO U OB [BE YR Yot ABRd have
exasples thahdeserike Bewpilissakerids bXpheit dispnnatedrhese basic
remoting: CDP API defines a programming pattern whereby the . . . )
aPPIRSAEENS ERPICAS AU iR -8Fb%éﬂ%§r@ﬁ8?éﬁ8?%?a§ﬁlé‘&‘fa provided
hapneaaigd thisrapefatienfetid teebin daiadremievalntbencthatgtrievedisdataed
is cached on tr}% client tier. This pat#ern is usually referred Ero as the d
"diRhnbRYSH RS IGE OIS ARSEL S AT AT BRI PRIt AN FES Y s on
Fiointd diusinaiéi ¢b & Iappke adi onlogichidinithg &3ro ftieemisdiadiRD(erg inferfaces.

eb service). The primary scenarig for mid-tier deployment is the case

LTSI R MR BRI LR) R m L e B

iNstescthiailagit e gbilawiap serdcthepechdtisttdadquiie feelosepsdtte on,
proxy 1408 and.web lgervice 1 102. It is to be adﬁfrgciat that&ue 4 th
S&ﬁ% %er‘iﬁi'%% B thet SSEMAL (A FeBRORYSIRAR IRk HidaRs Hemeypd: the
pieaesidng il daplasmentthe/tRp calsarkeranessgddiyitbd OBRYith
runtime.1402 within the client process; the runtime contacts the server,. ..
A o B s o and il e ar

bulk-oriented and not chatty.

[00144] The following pseudo code example can be depicted to examine

data/control flow across the various modules shown in FIG. 14 and FIG. 15, in

response to method calls. It is to be appreciated and understood that the following is

an example and the subject architecture is not so limited.

1. WinFSData wd =

new WinFSData(@"\\CorpSvr01\SharedSchedule\AnilNori"))
2. ScheduleEntry s = wd.Items.FilterBy Type<ScheduleEntry>().Filter(
"StartTime > @0", new DateTime(xxxx, 10, 29, 9, 0, 0)).GetFirst();
3.s.DisplayName = s.DisplayName + "[important, please come!]";
4. ScheduleService ss = new ScheduleService(wd);

/* public bool CreateAppointment(ScheduleEntry appointment,

* string path)*/
5.1f (ss.CreateAppointment(s, @"\\CorpSvrO1\SharedSchedule\PCelis"))
6. {
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processed locally (via client tier) and some are processed remotely (via
middle tier). Moreover, still others can be processed in both places. A 3
-tier deployment defines a methodology for remoting the appropriate
calls. [00142] A remoting agent 1414 on the client tier that is a component

that can use o1& AARElIL8(A JPEis@Idat Rasita@e)and send requests to
the CIRP1on the middle tier (this 37 is the actual act of a remote procedure

call). On the mid-tier sits a remoting service 1416 (seen in FIG. 15) which,
a?&r\opriately enough, services these requests. This pattern is part of
w

1854 0 B RHBIN R ARetARPEEART BT TiT &R AbaFrtbeat pRdqiiengnpl Nori
charateussis At Hahnis baldnasifRirRRE tats ForDMNERtRWIRAEREIM. This is
other by excha%lgi%ssa es. CDP can utilize the Indigo infrastructure

fOrCRRRSCPsihBY Fenebifth SEHARASHBIRASA SRttty (e-g-»
ONGREAUISBAISES patiehBs PRVeTilenn dHe M prektsestan ealele thaupdate”,
"create"1 "save", "get an Object qiven the key", "get the root key." In
KEERHY Wit T GER BiereRgHI hade opdRiisis dheaisX bel VaPREariIFase
SexmR Iressag ety tetighdnahibe Cliemclianvekatsiie Davae Axp6IHeeaN
the mid-tier is expressed in terms of these sim;ile verbs, These basic

mBSHSHOG Ge¥ER S KBSHHE P TR HIRAROULHIP P BHABas gy cheduleEntry
fagiliipsdpsavidiedsinrdadigendarfathithasr argsthentRensisitanstl@ueRréy points in
interfaces that were discussed supra. Thus, the remoting agent 1414 and
rémot g SBINNEBE% 16 together act as end points on an Indigo channel to

remote thehgngibedsef fiveksist and Rkeneiriefiasesor Biigd@MfRies. The queries
appreciated and un(?erstood tﬁ]at the methods in IQuery and IPersist are

"coarse-griRteFN48 tBAGWHY Yense: they can be used to query for, or
operate Orhe quargecselohhjedis.dionexanyme. incaspaisento the

S B D BT TS o
Thusninterfaeasidaiwgenbineheliest andicaidaiebyarares Bllkrosignteddgne This
L Ty oo o o, el ol P2 ISR e
aadi&liﬁedﬁxdumifasmml_ie dpatmmaﬁliweﬁﬂ&&@obemmadlmd
updsrsiod hat fhe following e example g the sublect ajchitecture,
Wid FSaa (@t W0y isSan@ipShateadch Bdu eBjadiNohid) i2 catwedabatry
S a:p%I)\{gd:!t %Plsénl:dl} (%chIYJrXH%f)g.Ct}%g%%?anggsiq‘éggggégts a table set type that was
described in a CDM schema. The Data object creates a StorageContext object
configured as necessary to interact with the store 1404. The StorageContext’s
initialization code is part of a CDP runtime 1402 on the client tier.
[00148] Line 2: Query. The RHS of the expression in Line 2 is an OPath query.
This query returns with at most one ScheduleEntry object — the first entry (e.g.,
Assume that there exists a precise definition of “first entry”) at 10/29/04, 9AM. The
CDP runtime 1402 on the client tier gets the /Query interface on the remoting agent
1414 and calls ExecuteQuery(<Opath>) on it. The remoting agent 1414 can utilize
an Indigo channel and sends this query to the remoting service 1416 on the middle
tier. The query is mapped and executed just as in the two tier case and the results are

returned to the client tier. There are two possibilities here:
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"StartTime > @0", new DateTime(xxxx, 10, 29, 9, 0, 0)).GetFirst(); 3.
s.DisplayName = s.DisplayName + "[important, please come!]"; 4.
ScheduleService ss = new ScheduleService(wd); /* public bool
CreateAppointment(ScheduleEntry appointment, * string path)*/ 5. if

(ss.CreateyRpaininest(s & Naamd gk dharsdecheduie\Re elisent Gitr
38 7. Console.WriteLine(" L&%goin_tment created!"); 8.} [00145] In this

example, HEhaubheiRInNg hRtieRiants shag P latuRtmerb? Rrinnericlisnirisr then
corporate Hykianes tReasjbigs calendar entry for Oct 29th, xxxx at 9 AM.
This is_represented by the ScheduleEntry object, which is aséﬁpe derived

from Eftity (B¢ Biprdditteedyeisiadhsrahie s fcheAdmahated objects are

representsan-HemMditb e usarsieschedule). It modifies the ScheduleEntry
- appends the text "[important, please comel!]" to the title of the

appsitPrerrPreardibubatihe endunORHbHERL R SRbaTEerb e IRdise
sendsge(catiadashprule GRNYige) tRAut thisdodipe S oTedwelsAbdu 1R atry”

Pedro Celis' shared calendar. This code fragment illustrates several ke

p&ias i a e lgepripatkin ocaaR) st DieiHs Bicsy ORI 6 (the

quaiviRizsiaraRntitieseod it auaries) aieexsOAehdhe Migthiiehe 2ndR8se per
query results are in the client tier CDP's session cache. [00146] The entire

"Zpfication logic" - including business logic, validation, etc. - are run on
themigyle figidy: thianehseiyCaand Ry ChR s@kHiotngang BehelnisEntry

prqocessing is triggered by a call to the CreateAppointment(). method. The
foﬁ%\ﬁﬁﬁg irft"‘a“&%gléﬂé%eé‘)f{ﬁﬁﬁ Ri&fidh 18?&?&?%\?§?Fo@?‘r‘ﬂl§&&8%‘ﬁ AgQR wilkin the
vaugisnrogadid o$ 10 UB P rlitent: 1G02asinthe Sienageet OMBxt. the client 1406

StorageContext object (e.g., APl 1418 on Client Tier) is encapsulated hy .
DAL O CroBioRr B SEEATERY Tpbr Chort S8 peniel

Dayalcéassli’aﬂmﬁﬁ@@azmlﬁlscflltyﬂemmt was descrit_aed in a CDM

o R TS SRRSO R ISR, e

indliiglizatos badsisaparidied CRRmEMetddEhespinieccliant lier 1he0adBhb

T e R S5 2 o T e

(epfpxy object on the client. This call is serviced entirely by the Web Service Proxy
1408.
[00151] Line 5: Calling the Web Service Method. The CreateAppointment() is one
of the methods remoted by the web service 1410 on the mid tier. This method takes a
ScheduleEntry object and a CDP connection string; it uses this information to create a
ScheduleEntry object within a StorageContext defined by the connection string.
Inherent within this write operation is the running of appropriate business logic and
validation logic. This method is packaged by the web service proxy 1408 and sent via
a SOAP message thru the Indigo channel to the web service 1410 on the mid tier. The
web service 1410 implements this method via calls to a CDP API 1420 on the middle
tier just as if it were any other application. The key thing to note here is that the entire
logic for CreateAppointment() is run on the mid-tier.
[00152] FIG. 16 and FIG. 17 illustrate a diagram of the application logic running on
both the client tier and the middle tier. The data/control flow through the different
components and tiers in response to method calls can be described in more detail

utilizing an example. The below example is similar to the example discussed above.
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Assume that there exists a precise definition of "first entry") at 10/29/04,
9AM. The CDP runtime 1402 on the client tier gets the IQuery interface
on the remoting agent 1414 and calls ExecuteQuery(<Opath>) on it. The
remoting agent 1414 can utilize an Indigo channel and sends this query
to the remoting service 1416 on the middle tier. The query is mapped and
executed just as in the two tier case and the results are returned to the
client tfeHdrhdid ofrart (D HBESHIRMS HE RIS PGS results are
returred from the Middle Tier to the Client Tier without hydrating the
objects.UPHE €R5Beriimn TaeVoRrdReld 8 Y tier then hydrates the
objec"ts.{z. If these objects already exist in the object cache 414, hydrated
objects ard® EPhe HhShOTRIRGLR 1o Y@ SR ditéd that that the
entir@ OPafhi§iesnstidseht achs R dhHigiS isHannel. For example, if the
query wad£aking BHbbjects of type ScheduleEntry" (that is, a FindAll()
methdd intBeRBRY, HEARHRRENRSMPBD &I be sent to (the remoting
servide 147054 PRRIMHTRN PR SYsAENTdIdSHe - not one message
per dBect, ﬁ@f&@?ﬂ?ﬁg?? W&ﬁ\ﬁﬁﬁg}iﬁﬁ%’ﬁé@jier OQbject Cache. Once
the SthedWRFRMS) OpELDI e ik I eREiRsing REeibble for
furthérzméiﬁfgﬁf URtwitAf{RAEUSEL sion cache of the CDP runtime 1402 on
the ClientofieP AHERER client 1406 changes the DisplayName property
of Sch‘édbleEntry object, this is processed entirely by the CDP runtime
14020n }the Client Tier. [00150] Line 4: New-ing a web service proxy on
the C]Iﬁant Tier. Presumably, the client 1406 has already added a
reference to the appropriate asmx (or the Indigo equivalent) during design

time. LingdcaamEreaiammisiancesahiiaphsbisasicacprexhobieeiordhtxt,
client. This, call is serviced entirely by the Weh Service Proxy 1408.

058 T e e G e RO S o he Ui
Creets3yppoinenisntflushoDkaie) edvashiedshefonteddyytihe pysditskndce
1410 op the mid tier. This method takes a ScheduleEntry object and

COP oL T Al D et R 0 Bt R iy
object witlBagnSiolageChiotextldefingd bidinaieprnnisatien sidagotntiel erd-save
within this write operation is the running of appropyiate. business logic and
Valitiation BB PR R R BAERS LG ) o e LRy B bk 1408

and sent viBeaiSOARdrassage tatwihe Intigechangealgmind Wealisirheeall to

1410 on t@ﬁemé%gﬁﬁg@%ice 1416 (as seen in FIG. 17) on the Middle Tier. The

remoting service 1416 dirties the object cache 414 on the Middle Tier and
calls SaveChanges(). This runs the BL and persistence steps as describe
before and returns to the remoting service 1416, wherein the remoting
service 1416 then returns to the remoting agent 1414 on the Client Tier,
which in turn returns back to the business logic hosting 416. Client side
post-save logic may not run by the business logic hosting 416.

2. BL is run only on the mid-tier. In this case, the business logic hosting 416
immediately passes the call to the remoting agent 1414 which in turn sends it
to the remote service 1416. Processing happens on the mid-tier as described
above.

[00154] An advantage of running BL on both tiers is that in case of errors in
validation of pre-save logic, they can be trapped on the client tier without having to go

through the expense of connecting to the mid-tier.
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web service 1410 implements this method via calls to a CDP API 1420 on
the middle tier just as if it were any other application. The key thing to
note here is that the entire logic for CreateAppointment() is run on the
mid-tier. [00152] FIG. 16 and FIG. 17 illustrate a diagram of the

apelies8ion JOGGHIERIBETRR HPEHER CHeBhIIBE BRCHIS BIdAIHBIbaEEDased file
data/control flow through the different components and tiers in respaonse

to° 1RGO BAMS cRHE RS BRRiP ALl utitishg it eaiapialatwith the

bedayy @xasrplerisJupipst iRt sxam it HisGHSRRE ahrvRifd/de@idty 1604. In
AddToCart (String customerld, String productld) 2. I 3. using'(OrderData
1

odhis sas5- St fsé%l)e 4_6pg_1§%ﬁlﬁﬁ§b%@p83py§1milar machine, but in a different
odrobaRpineiciaris Seareheribiies(siil .0ustemeleyhd). Since the programming

customerld).GetFirsto; 7. if( cart ~ null ) 8. throw new Exception("No
SRS EAFIST 8 rolIciBUSNTANS GErsYaRmErE e St ¥ IS A Sgprice such

"REQQHESZAN 1@ spRuat derinrgio]ckhl Hiereotsit Fim A hibiow th@vind keep
Exception("Missing product); 12. cart.Products.Add(product); 13.

oP8PBCRSHYEso; 14.115.1 16. As can be seen in the previous

exeonpis, tneidareales hRienieconiastishbine dhand tine feeyai&ifed in a
the query,.and Line 12 relates to the update. [00153] Line 13: Flush

cHengesS BB nBmIRHRe tBIIBIRRY TP sseBmte e BisinuAbet el HR (the
clsnetielc@nd-poufetmid tiekchl thisvease tihecBysineshllpgitthostddOarge
on the clieng tier runs the validatjon and prefgé ve logic and calls th

rdOtinYg gt Rt 4 £ATBRSAL ARBRE ek WiR iBeWRHELRICsRYSd code
vegtenp)e. TTadiemeting ageist ikkl4sehesdhadeadd i eviesnoingSaRdeein a 3-

1%%9(%131 seen in FIG. 17) on the Middle Tier. The
ployment:

e Tier crossing is potentially expensive and hence may not happen implicitly:
there is no explicit indication in line 2 that this will result in a tier crossing
operation — in other words, “magic” is involved. “Magic” is used here in the
sense that something happens without the application knowing about it or
having the ability to control its occurrence. Many times, magic is good; in fact,
it is the goal of a lot of software to hide the underlying complexity and make
things happen “as if by magic”. However, in this particular case, long
experience has shown that application writers send huge queries willy-nilly,
assuming that the code underneath somehow returns a lot of data without
choking the network or stressing the server. It is a proven design paradigm
that any tier crossing magic be made explicit to the application, thereby
encouraging judicious coding practices (is “select * needed from <million-
row-table>" or perhaps a WHERE clause can be employed).

e Client Side Caching and stateless operation: Notwithstanding attempts at
judicious coding, there are times when the application needs to work with a
(potentially large) data set; frequently, it knows what this data set is. To
optimize data access in such cases, the application should have the ability to
run the query, fetch the (potentially large) data set and house it locally in the

cache. Further queries/sorting/filtering/changes are made to the local copy of
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remoting service 1416 dirties the object cache 414 on the Middle Tier and
calls SaveChangeso. This runs the BL and persistence steps as describe
before and returns to the remoting service 1416, wherein the remoting
service 1416 then returns to the remoting agent 1414 on the Client Tier,

which intneraarﬁtum@m%ﬂeslhsﬁbﬁiaﬁs&i@&i%@%ﬂﬁgeéﬂeﬁcﬁliteﬂiessiﬂﬁe.
post-save logic may not run by the business logic hosting 416. 2. BL is run

only on thethingt s tafelershemsmsdhn daa sy Hostagipies very minimal

immediatehhppsees thes calikiadhergreainmmeent 1414 which in turn
sends it to the remote service 1416. Processing happens on the mid-tier

ad09dsdlibethatbuEoT0n 18 B RS dAtRIgd SHstriAg s doth tigrs is
thatain @esecalsriaestin ovakidasianef pre-save logic, they can be trapped

on the client tier without having to go through the expense of connecting

to the mit2f&PRAr3Hen sayandalssdesal i eé%‘é‘?i@lfé“ﬁ%ﬁé%‘ the

goals of the database-based file storage system. This can requires a local
store 1602 which synchronizes data with the remote store. The local store
1602 can furtherafHOR IS rA SEHY™MBEY: In this case, the local
store 1602 is on the substantially similar machine, but in a different

process (which, f'n oTiere ilnition,. is still a -tiecf deployment). Since the.f d as th
programplig* oA ol 3P K D YhpRoye REIAYS SyfiiftRetTIEC as the
is easy f &Wice such synchronization to operate between the local

store 1602 and the middle tier and keep the data in sync. [00156]

Consider Line %Cq ltlrée. rc%q 2§ %%O}PA shown a}gq e. The query resultec_:l in

a tier-crossing 0 ra]f?/%él nhis e ﬁe&%‘; le, there was one object
returned (the h ntry c?bj'ec i In%er%ral owever, this can

potentially return a very large result set. Similar comments apply to Line 5

of the previously presented code example. There are two issues that can

be cahsitibeegphinatiwhichlaielpeltivsdodiricat3- tier deployment: Tier

crossing is potentially expensive and hence may not happen implicitly:

there is no explicit indication in line 2 that this will result in a tier crossing
operation - in oth&il{brds, "magic" is involved. "Magic" is used here in the
sense that something happens without the application knowing about it or
having the.ablit,tocontial iseeUiianae: Mamnlimes nagisingtidd For
fact, it @%Igﬁqg@al of a lot of software to hide the underlying complexity

and make

ScheduleEntry s =
lc.Entities.FilterBy Type<ScheduleEntry>().Filter(
"StartTime > @0", new DateTime(
2004, 10, 29, 9, 0, 0)).GetFirst();
s.DisplayName = s.DisplayName + "[important, please come!]";

5. Finally, it sends changes en masse to the store, specified as the following:

// sc 1s the StorageContext
Ic.SaveChanges(sc);

[00158] Notice how the application can be explicit in when it wants a tier crossing
operation to occur — the lc.Fill() in step 3 — so that there is no magic triggered by

innocent code. Notice also that all subsequent operations can occur on the local cache
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things happen "as if by magic". However, in this particular case, long
experience has shown that application writers send huge queries
willy-nilly, assuming that the code underneath somehow returns a lot of
data without choking the network or stressing the server. It is a proven

designcpasadigiodfiabanmtiantreasinennagia bR trdemXRiCHiMiBRance of state
application, thereby encouraging judicious coding practices (is "select *

n&BdBE Hishichhillida o -apesiatse teahtsdnedetmricd By sadsfagaents
eqIoyard qkianindideaashingseng sdetsieaADonREtiou Hotuit AR PEiNgie a

attempts at judicious coding, there are times when the application needs
i ePRIGRIFAMPRENtially large) data set; frequently, it knows what this

dpvd s8t)is. A 0-@ptipHR A/ia nrgen i svabptepesithesappligatishslRatithless
have the ability to run the query, fetch the (potentially large) data set and

h80S& RSP I Bgels Cth & RLIRT RSP RSN IRE REORHRRY RS Bydtel or
magle: iQ theviogah eonyeahd dieirtac allyamitish Moaeation writes the

changes back to the store. Working on the local cache means that the
nﬁa@ﬂgé%a?rl?&m%éﬁmwma?h(a ALg¥iagDHL SRR fhdieonnected
Seakienifad ddeneisolutionidp ey Riamiderp BxplicHs distarnactadh guideline
mode|. This is characterizeﬁj by the fallowing pattern: 1. The application
S s bR SR Y& dANAHE WY 08B e HE=shayd use the

Lacals&prtexdaa’dhd he local cache will contain the results of one or more
specified as the foll ueryCollection.Add("<queryl>");

B TRt dd o oERos ST ARG ratores. it
logalent@xt the bilipede borkRR)DrsthedotabdontaxtivisidiketiaNolidvwigi-level
i s
Datgatimsé 20940d1Qind9 09 e OwB)HGRIF S Otestore, and replication are defined. The
combination of a database and a schema provide the context for queries. The CDP
uses a 3-level hierarchy: store, schema, and type. A CDP store is the connectable
unit; a schema provides context for queries. A given schema can be hosted by
multiple CDP stores(e.g., a set of types (CRM schema) can be deployed on two
different instances of CDP. If “sameness” is desired, then mechanisms outside of the
CDP (replication, bulk-copy) should be used. A given CDP store can have multiple
schemas deployed on it — such as an HR schema, Accounting schema, efc.
[00162] The naming and discovery is discussed herein. Consider Line 3 of the

following code, discussed above.

Using (StorageContext sc =
new StorageContext(@\\corp001\defaultstore))

[00163] The following addresses naming of a CDP store and discovery of available
stores. A CDP store is defined more clearly. There are two possibilities:

1. Ttis the actual, physical store — database on an actual server.

2. Itis the logical store — the argument to the ctor identifies a logical container of

entity instances. In reality, this could be deployed as a farm of replicated
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s.DisplayName = s.DisplayName + "[important, please come!]"; 5. Finally,
it sends changes en masse to the store, specified as the following: // sc is
the StorageContext Ic.SaveChanges(sc); [00158] Notice how the
application can be explicit in when it wants a tier crossing operation to

occur - thpydallladrestan 3 froatthial tRRre: N ARINAIG riaaeasRYr to pick the
innocent code. Notice also that all subsequent o%%rations can occur on

the localPEHal @ISR ISR Leati Eprare S5 fg MerHifRmiDis P REliSHIF WeRsiAB:
concomitank SEpansade £itstale @nihe g alldgitaRerRRIeCciB gsical

that the model implied by code fragments above are quite similar to the

dateEet MYadPRT AT EPRIEY T IELRPAISY BRo YRR P/ ERSIBR RGN ISR g ok at

(083 38 &gy pRlicatianshould not be deployed in a 3-tier environment
unless one of the following is true: (a) it uses only the disconnected

piQ918AHmir I EEREEST 1) TR TRAL R ALY A5 LRCHHetBfstgHIssgstring is a
progiamirginedeldAVi&0 LR takrisvidaapRiaasd et alawitthbeath

connected and disconnected programming models in 3-tier deployments. .
APPSR ISR G o gtradingcth %ﬁ*%%éxﬁ@é%ﬁ@lae&gﬁ)yﬁi fpight

a grbiedeabIHoI RGPt dheihingashsnidsusedb eoglisaingsdetheaehe IYNC name
[0016 ]}To establish context for the following section that discusses CDP.
st68s, Ry HOR That B RfvErRPBIGA EIE R8s IS le icoparstishad AP

thedelipyingRi: | ey ethbierarabyaripsianeatidaiabascusechematrandvablemust have
The con z,ctaﬁlble unit is an instance; a ,databasieisg container over which
Felie v

back SNAPNR MCAGEA R PhRe & R EVEO MBination of a

dawaleSE a0 seheibaspeevide dhesaapiadnfoe duetescdhet GRRpeses hat
3-level hlerar%}ﬁi/: store, schemg]i‘ﬁand type. A CDP stor
it} e

ARPBAABIE % AT VTR b TeN SIS DA Gtk el For
canidpufesiad Dy atiiliipleaGla sieigsierg spr@Eef 1 tpe RN seheiv@yery .

c eployed on two different instapces of CDP. If "sameness" is
TR o R e S G o e B By e veraee
sheslitheibse i givernicddfhstade: can have multiple schemas deployed

on it - such %31 an l14R_schema, Accounting schema, etc. [00162] The

namifig antf KNG ATELSESherein. Consider Line 3 of the

followingsgadeodisaHsaerkanse. Using (StorageContext sc = new

StorageContext(@\\corp001 \defaultstore))
e Explicit Cache Services

e Utility Operations
This section should be considered descriptive, not architectural.

[00167] Watcher/Notification Service. Notifications (aka Watchers) provide the
ability to raise asynchronous notifications of changes to entities (data) persisted in the
underlying store. An application (or any other component) can use this service to
watch for changes in persisted entities. An application will have complete control of
what they watch and how often they want to be notified. For example, the Rich
Application Views (RAV) Notifications are built using watchers; a client side
browsing application can use RAVs to actively react to data changes using these
notifications.
[00168] The CDP programming model supports a Watcher class that is capable of
watching changes in entities. The entity watcher mechanism is sufficient for

frameworks and applications to build higher level watcher abstractions. For example,
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[00163] The following addresses naming of a CDP store and discovery of
available stores. A CDP store is defined more clearly. There are two
possibilities: 1. It is the actual, physical store - database on an actual
server. 2. It is the logical store - the argument to the ctor identifies a

logieahEaRBINRH 9l TR §f§f&§%alﬁbﬁﬁﬁii%r¥biﬁ&ﬁ bR RRPIANELiAR Watcher

farm of replicated 44 physical stores and a front end server works with a

IR Rt ARS PRIRS QR TNE Vatehar phRfstetPaiie iR oAt IR & BN s hfgmost

tf@?aﬁ@[&h%i@é&@ﬁ@ﬁ%tﬂﬁ% g@l{,’amﬁ)@ig[, a storage context identifies a
Izl%ical store, not a physical store. CDP does not specify how the

rd3dL86n, BACRPH ARG SN SRRl IRRHR e HEGR (R e (HRFR Biel s
stereadABHEAIVYH seanett R elarsivarguneitsdhie AR

string.is a Uniform Resource Ildentifier, or URI. Individual frameworks can
définé&tr alternative naming format for use by their applications. For

examples ¢hentdAnivighénaoeekente lehds B PHchtinn esiaklishaysiesaghite
context by specifying an UNC name, (e.g., \\server\share). However, it.
should a%aﬂf b BeuKlartes dBhIEE: TBTCHISS stoPahF ATHRPSH HitAEpnS

words, agshalietnativecnanies 4i5ed O)-a feomevkaik sarsthave a well
defined mappin to?%he corresponding CDP level URI. [00165] CDP does
not spec g%‘i% DEahH8 NsLBERl [RPAAHaRsq BT BT isiogs for

can use gxisfipanmnedhanisas@DHE spprsitaiessWEDIs foscxpenpie)] @erations
this purposes. In addition,. a framework may specify jts own methods fo
discoveM?o@ﬁ%%f}/néﬁl%lga%ugﬁl%%%a RIS B RABSE IRt on 1 legacy

applicatigp)siicandeyesagauare cagerinedscEhagasatvidesinmiudatime.
Watcher/Notification Services, Synchronization Services Explicit Cache . .
Sorvi el S BTG THOEB AT BB GASHIBRg he o o enitic
descriptivgd feiachhbigctiiad. (0 h6vd Weaitcheditetficasion Batvic®atermark. The
Notificatigns (aka Watchers) prqvjde the abiljty to raise asynchronous .
notfica i BP A RO e (M I R ek ST tdre.

An applipasiadd® fanyatthankompinrant:can sty sertigesibasiaiph 4ad
changes in persisted eg_(tki)ﬁies. An e:gpglpd\i%cation will have complete control of

what thelf N RBR SRR L) WAHP B BRIk d. For example, the
Rich 4AppheadticDé¢iewiniRAVpNotfChitap Aeetioui ousirgniiatohiesha a CDP
client Sidoeperation (such as an update) will conflict with the operations that have
already been performed (again, based on a watermark).
Using this core functionality, frameworks may build additional, higher level
synchronization services.
[00170] Explicit Cache Services. The explicit cache service in the CDP provides
improved performance/scalability of applications, support for disconnected
programming model (e.g., Note that a disconnected programming model can be
implemented without the benefit of a full featured explicit cache), and support for
transient data. The following can be featured in the explicit cache:
e (Cache different types of data (e.g., entities, unstructured, and XML data)
e Different cache access modes (e.g., Read Only, Read Write, Shared, etc.)
e Cache coherency with the stored data (e.g., for data stored in SQL Server)

e Cache (certain type of data, e.g., session context data) coherency across

multiple CDP caches for application failover
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browsing application can use RAVSs to actively react to data changes
using these notifications. [00168] The CDP programming model supports
a Watcher class that is capable of watching changes in entities. The
entity watcher mechanism is sufficient for frameworks and applications to
builg big %ﬂﬁﬂ@g&ﬁ%f@bﬁl&a&ﬂﬂﬁt ERKhEXaBIBe4d a
database-based file storage system can build Item, Item Extension, and
Link WatQH%%“%@ﬁé%‘fi@ﬁﬁs on the entity watcher abstraction (e.g., Note
that gn 1igithe,Mashgranular piece of data that can be watched).
[00169] ynchronization Services. Applications written to the CDP as well
as framBmmmmelpe@{ﬂfmrtbé@m)fﬁ@ﬁh@h@ﬁ@nb&i\‘viggtores

synchroni all %gqe SEX \{lggcsn J&(gg(pema annotation for change
tracklng 8 signers may e5|gnate change unit boundaries for
tH@ﬁb’fdﬂty t%nb‘s' CpangenaniCEPtpifivatiosip reohiro viecfinvdtishig ssfatree and

& DLRRLINg éfé%ﬁﬁe@n%%”lg&ﬂé Cd i ALIA bﬁ%ﬂp oth’)such

app IC tl ns, It maintains versions for ¢ ange units uring a
opemi@ms inslwdslb @S dpg s\ eritfbai el Biorsiabizchaad Satigp@etions.

@198 Tr@f%ﬂﬁ% WRGHRNFIEO T CHh: SYSALIT g%%%ﬁ?@& I &8?@5'?5“6

to make changesbypassing the CDP runtim nge En meration.

Allbwss ae@DPhapialiceriorbesadfile\ieotagcsetstire fitigesWAN hemplearsgeation
“%ﬁéo% hlavefeen pradificdisingraaiceialp %ﬁéﬁ%?o%ﬂﬁﬁe%ﬂ?&?ﬁ Itis

are ret ned as CDP entities and RowSets. A set of services Is provided
foraiestéhataik Flaheselztrsauire tieface oEfaiuresybieckilibs daidbpestoress file

a@%&%@@@f&ﬁy g Eﬁ&'é@t%%t?&%‘%ﬂ'tﬁﬁo@o@%%k@%%ﬁ%%eﬁé fws a

P application to determine whether a CDP operation (such as an

uﬂ)@&lé?hvnl@@mﬂmqmnﬂ tthe bigdrasidabnpdendtecratreaeipesbentperoriedarious
(gARoRARE D PR WARIP I M50 g dis CUS AmEHR BRI HAMAMAKS AF and
may build additional, higher level synchronization services. [0017 ]

E&bIRit Cache Services. The explicit cache service in the CDP provides
IMegeygf PeHoIMaNE/SeRB RN QI ARRIARICR S oSLERRE W}Wﬁ&&&ﬂ?gt%ger”

programming model (e.g., Note that a disconnected programming mo
caatbe Upspiatdaistats Witheomeperrsiay Katadhed redetipligittedctyg)cal end

andesunRAr b Hasephefiambie, loliawdng £an be featured in the

explicit cache:
[00175] To the basic CDP infrastructure, the UAF adds:

e Base Item type (and related types)

Actual types for modeling user data
e Constraints such as lifetime management, containment, etc.
e Things a user can do with items: Move, Copy, Rename, Serialize...
e Organizational constructs for Items: containers, lists, autolist, annotations,
categories
e End user programming abstractions over items (such as rules authoring)
It is to be appreciated and understood that for application developers, CDP is
the UAF programming model.
[00176] Specifically, FIG. 18 depicts the notion of an item in UAF and how it is
actually derived from several entities. A document item 1802 can be derived from

several entities such as, but not limited to, a doc 1804, a plurality of links 1806 and a
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Cache different types of data (e.g., entities, unstructured, and XML data)
Different cache access modes (e.g., Read Only, Read Write, Shared, etc.)
Cache coherency with the stored data (e.g., for data stored in SQL
Server) Cache (certain type of data, e.g., session context data)

colgraneysani a8d sNUllinka kI R GaRes tanarpiiciiNfe VS A Thdies such

programming surface for the e>1<I§Iicit cache can expose; Creation of

caehRy npbiimiad trortaeiies 18 disitthgroahes corpiirtof H4ta) to the

UPeErtying $iQiess QU0 d0d-uRaasIOMRIEACRAR SRIANARRTM Wtiltylement
Operations. CDP provide support for varieté of administrative and utilit

opargisfunsHantitiiss By dapiraing she Mt ondcesph inG B sutice the UAF

operatiens topludeBICaanNiaYge SPRlizeMReBRTIMIZEhAMNs to implement
Backup/Restore. [00172 Turniﬂr%g now, to FIG. 18, the modeling of items

ufifidisiga dhastienalifey diaabuilingehthst A E Qe bR gais jrahyde various

(Ao VANFS) doniemen atiosoencompassasiagpaathHef ptieiRR@nde 1904,
the User Application Framework (UAF), It is _noted that the CDP

ar Rl 48 FRIHRELeAS RS R dnahalas it Acast ﬂ%églﬁ IEOTHERIRY e 006

Systenp buitimerehos censegmentaomedithe1companemstbeein. (R0 3
In this section, the UAF is defined and then examined as to how the

VRRBBEOE Hbn ER ot EHEF BaRE PRAIHd Ocf il eI Ly dtcht dbln Badable

segmeneddno DApd tkeXFHPAQhATI®L) Afryisde DR Frasnawrko16 can
which is concerned with modeling "user" data. User data refers to the

cgﬁ’l?ﬁon, everyday data that is pertinent to a typical end user, such as

deeenmet, PhartasRUSEP saudatiakiCel Mk 40]cheotbe Ihasiséatafics (and other
infrastructure,

HES TPt aim B i oGRS SUth 8o TAFRDan eets
coririnenentpaitaihiifgStiecHselt@arbelewhs taris aMove e Cpial Renameire
el Sl et o e ol 1o Aol .
(sussbcaaddieaiathbarimyggdt isciaierapps aakhiad bind anndasggdithabiateveloper
agptlei(r:ttieopygeesvﬁsllgg%re%’n%%sﬁ)gged and deployed. Other UAF services such as sync,
metadata handling, etc., are implemented as regular CDP code. Taken together, these
separate pieces of logic, running in various layers of the CDP, form the UAF.
[00179] The below description is applicable to partitioning database-based file
storage system between CDP and UAF. The following capabilities in the database-
based file storage system belong in the CDP layer:

1. O-R mapping — mapping of entities to tables. CDP supports non-prescriptive
mappings to handle POCO scenarios and database-based file storage system
server scenarios. This also includes update mapping, providing basic CUD
operations against entity (and derived) types.

2. OPath query mapping

3. Implementation of Entity and other CDM core types

4. StorageContext and StorageSearcher, along with session and transaction
management

5. Session cache, cache flush logic (SaveChanges)

6. Change Tracking

7. Watchers on entity types
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the UAF programming model. [00176] Specifically, FIG. 18 depicts the
notion of an item in UAF and how it is actually derived from several
entities. A document item 1802 can be derived from several entities such
as, but not limited to, a doc 1804, a plurality of links 1806 and a 47 doc

extergsiog k808eM Ruthenitem, 184 can be derived from several entities
such as, but not limited to, an author 1812, and an author extension

18149 {0HEIICTERSRHTHY EREOTEOMERIARTBRD RS Hamd S Lyer Wik Sty

implemegie sty snfangdionaiirs/snignplementing the UAF on top of the
CDP. Since the UAF is built.on top of CDP, it can utilize CDP extensibility

mechaniShfsfed A B8 srnPiLitaRig o #trbaterhanes v BtaghySethbelong in

UAE ontp the:DP can include various layers and/or components. A store
1902 can include a CDP constraint engine 1904, wherein the CDP

constraiftBidiife AG0ATHERRDAY I¥ast one UAF constraint 1906. A CDP

runtime £REHsaNINIEdRA BE OS) L Oh2APhigheandnelude ddddk difMehaviors
behavior 19 10. The UAF item behavior 19 10 can further include a UAF

bindable“ RGO OER BHAGH DY the CDP runtime 1908, any other UAF

servigesiifid fecanmenisti 003/ Bl Ak, Ysasl ) Pepaapptraint engine to
enforce Item semantics (and other type semantics). These are authored

using'C SHICaRy s Yre MR EHEILIST #88tes store level constraints for
thems ltewnhglayisr sostitheas Move, Serialize, etc., are implemented

using CDP's BL mechapisms. UAF types can have bindable behaviors
aesoCiatbE AT AR BORAOS Sr R HOrE y S igpains
applicatintegi@uelvpadiaer the types have been designed and deployed.

Other UAF services s as sync, metadata handling, etc., are
plaineH PR B S oI G0 HERLPHGGRHIST. these Separate

pieces ofla@idornnga tafious:laysrcohtiiads BmfpansihkdAffle streams,
[00179] The.below description is applicable to partitioning database-based
file storé'ggt%%@ﬁ?mne P and UAR The following capabilities in
theeiesepasaGbasethiiieasiomage sypierofbelag spjilieatoiolaygriniplénbnted

mapping - mapping of nté;i tq tables. CDP supports non-prescripti
D W O QBB S et atk g g how they
syatehe sepeiatendiioSDPhisdssiiesiUiiadpsiatepplapping cpidddingidered a
2% ' CU@. o] eraril(l{rl?s alga' St entit agéj derivg%ﬂt}yges. 2..0Path Uery 4 ed
OBt AR B S B £ AP CHA By oot a share
business components. Groups of these components manage different business
functions such as general ledger in financials to sales force automation services in
CRM. The key feature is that these components are faceless, extensible, and can be
utilized to serve the needs of multiple markets depending on what level of
functionality and complexity is utilized.
[00181] The Business Framework (BF) can consist of the Business Solutions
Framework and the Business Application Framework. The Business Solutions
Framework provides functionality useful to build most business applications. This
includes fundamental business data types, such as Money and Quantity; application
family-wide business entities, such as customer, business unit, multi-currency
information and payment terms; the building blocks for implementing common
business patterns, such as Business Transaction and Account; and common business

processes patterns, such as for posting a business transaction.
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4. StorageContext and StorageSearcher, along with session and
transaction management 5. Session cache, cache flush logic
(SaveChanges) 6. Change Tracking 7. Watchers on entity types 48 8.
Cursor services, including RAV 9. Item level security enforcement

M@N8|SMEnE QWlRNRLIaaHEY osle e edinataR IBGYKEIRS KpyR&tion
views) The following capabilities in a database-based file storage system
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behaviors expressed as CLR metadata) 3. Item level methods (Copy,
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and item domains 7. Metadata, handlers 8. Database-based file storage

syeRiRAtamedh ditecdY st for BRYSALAR Mty (container, item
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illustrates an exarnple of a LOB apgi;ication beingﬁiemplemented over the
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be considered a LOB application. The core feature set for business

2B PRESHRR 48 AR JBEt TS P BRISIRBLOR SRR IR esFatipg Broductivity

thesPcoasionsnis impnage thifferendlusioess fodaatigpsicatebhamaboedkystem
ger in financials to salg%f rce. automation services in CRM. The key

le
el PGS th ANhBUS R HHBREATE At FADSIEEK RIGMISiHPTOSFELR!pE Model and
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functionality and complexity is utilized. [00181] The Business Framework.
(B BAr R I P B TR i IR BRI BEGHBEgne
AppligationpbrapRwo ot hhe BusinBss pplidions ity ewbikipiavities It
fuglr%g/?ge%l iz'gyséjtsoe leé}\cl)ict)eléliltﬂarpgr%tv?éjesé?qe)ls)(s)rfa %)rl | g’cﬂ%@%észtlilslessaging (such as the
use of SOAP and other protocols), workflow, event brokering, instance activation,
diagnostics, configuration, metadata management (reflection), application component
security, globalization, a business desk shell and more. The requirements on CDP
primarily come from the Business Application Framework portion of BF, particularly
in the areas of data access and remoting of data logic.
[00184] Entity Persistence (EP), the data access subsystem in the Business
Framework supports a rich data model based on a pragmatic object relational mapping
framework. It is object relational in that the developer deals with (C#) objects that are
mapped to relational rows. The core data modeling concepts are entities and
relationships between entities. The Common Data Model (CDM) essentially supports
the data modeling requirements of BF data access. MBF EP requires support for the
following data access actions:
e Entity create, read, update and delete
e Ad hoc queries that return a DataSet
e Set-based operations that execute in the database
[00185] BF prescribes an agent/service framework for supporting distributed,

service-oriented configurations. Given some piece of business functionality, the agent
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includes fundamental business data types, such as Money and Quantity;
application family-wide business entities, such as customer, business
unit, multi-currency information and payment terms; the building blocks
for implementing common business patterns, such as Business

TE@H§§§E@E}rQ@%@\ﬁ@%k@@ﬁﬁ&%ﬂh@ﬁy@éﬁ&@@ﬁﬁl@éﬁ&%ﬁé@&%@%,as near to
such as for posting a business transaction. 49 [00182] The Solutions
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Relational, database-based file storage system); 10) Capability to extend metadata
(supports other uses of entity); 11) Set Operations; 12) Capability to call stored
procedures; and 13) N-Tier deployments.

[00188] BF entity persistence is a natural fit for the CDP. Most of the BF’s
persistence requirements are fully supported by the CDP. Some of the SOA
requirements are also addressed by CDP. However, full support for agent/service
model, BF business operations and processes can be built above the CDP as LOB
framework. The Business Solutions Framework of MBF is also layered on top of
CDP.

[00189] FIGs. 21 and 22 illustrate methodologies in accordance with the subject
innovation. For simplicity of explanation, the methodologies are depicted and

described as a series of acts. It is to be understood and appreciated that the subject
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Entity create, read, update and delete Ad hoc queries that return a
DataSet Set-based operations that execute in the database [00185] BF
prescribes an agent/service framework for supporting distributed,
service-oriented configurations. Given some piece of business
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changes to the service. [00186] In particular, FIG. 20 illustrates how a
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[00192] FIG. 22 illustrates a methodology that facilitates deploying a CDP across
multiple disparate frameworks, wherein disparate applications can be related to each
framework. At reference numeral 2202, a data store is created that can store
structured, semi-structured, and unstructured data. At reference numeral 2204, a CDP
is created and overlaid onto the data store. Continuing at reference numeral 2206,
multiple frameworks with associated disparate applications can access the data store.
At reference numeral 2208, shared data is provided to disparate applications on
disparate frameworks. In other words, data within the data store can be shared among
a plurality of disparate applications regardless of the respective framework. At
reference numeral 2210, private data can be utilized such that the private data can be

specific to a particular application on a particular framework.
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model, BF business operations and processes can be built above the
CDP as LOB framework. The Business Solutions Framework of MBF is
also layered on top of CDP. [00189] FIGs. 21 and 22 illustrate
methodologies in accordance with the subject innovation. For simplicity of

expianajior sherngthedalopies asetdaRricietandicdassiRRAURS A B eSBhputer

acts. It is to be understood and appreciated that the subject 51 innovation
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as

baYARrE dsprels abthesuneyabion s deia ardsda Whilsdhaiagtirrctyre
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managing the flow of data within the various components of CDP. At

rdTRE AL ARARE Rl DR ARPUSHidAAsHSEIEstel the arbenllseaospigedhehbe

okgehitiiarelaks ean beprasenleattabie &ehbiRgdh aivasiteseoprehimadules
CDM schema. The order data object creates a storage context object that

cARDBY ASAHRAIPEIN AL WRIUNATS A SOEEWHER the store. At reference
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and creating a transacﬁion contexf wherein a security contex
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that is gllowed to be seen. At reference numeral ?%12, the results from the d
Qe eIl PRSP RR R et B RLG SOTPHLD, e £ SRS Rsed or

rgiesgneeniibieer@isdhide iersaks, chdngesiteneidnotarhih calléd opeitacively
encag%alated stora%%context opject in order to flush changes. [00192]

FREURS PS5 ARG &ﬁ?’a\f?%cilitates deploying a CDP across
mieepIs |dispasatiiftaited woiksts whgrelsodis padatie apiplidatidngebcobsuting
related to each 1flramework. Aliéreferen%e nu?ﬁral 2202, a data store is h
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St&rggrgrﬁr}ggh'&'l‘% %grrlegg T5osted” fillrgg{ﬁdlgcza?%hd remote memory storage devices.
[00196] A computer typically includes a variety of computer-readable media.
Computer-readable media can be any available media that can be accessed by the
computer and includes both volatile and non-volatile media, removable and non-
removable media. By way of example, and not limitation, computer-readable media
can comprise computer storage media and communication media. Computer storage
media includes both volatile and non-volatile, removable and non-removable media
implemented in any method or technology for storage of information such as
computer-readable instructions, data structures, program modules or other data.
Computer storage media includes, but is not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital video disk (DVD) or other

optical disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other
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multiple frameworks with associated disparate applications can access the
data store. At reference numeral 2208, shared data is provided to
disparate applications on disparate frameworks. In other words, data
within the data store can be shared among a plurality of disparate

apRispiirnsdegaidiere OlthamieshertivifianeNikkafbd fiRIEREGore the desired

numeral 22 10, private data can be utilized such that the private data can

informatienangd BdrshIaR BpafcsatisA Bh S HMaNSF framework. 52
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computer operable to execute the disclosed architecture of the CDP and
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described above in the general context of computer-executable
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1

haFQWAIe Shd BORIvEIO3AYAY ERRS IR Br g pAbaRI& MeiprieCr the

railive ShpQ@ eSO HheCRRPEAEWiShflata slbyetof esniigtetheddaditofivdia.
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performed b%/ remoje rocessi(%?éﬁeviﬁes that ar Iirazed throu‘.glgta 2304
cOMHIRTREONS eGSR TR RSB %Sn&%i%ﬁﬁiﬁfg hRArGre, ™ '
plogiaY matuleseantes tRednbdail dorvard rgraotd baeRtayture that may
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camprise @armputarstaiage(Reia 201Q conbminicpioounedis: sGon(Bi@S) is
Stsc%(r)?gg in a non-volatile memory 2310 such as ROM, EPROM, EEPROM, which
BIOS contains the basic routines that help to transfer information between elements
within the computer 2302, such as during start-up. The RAM 2312 can also include a
high-speed RAM such as static RAM for caching data.

[00200] The computer 2302 further includes an internal hard disk drive (HDD)
2314 (e.g., EIDE, SATA), which internal hard disk drive 2314 may also be configured
for external use in a suitable chassis (not shown), a magnetic floppy disk drive (FDD)
2316, (e.g., to read from or write to a removable diskette 2318) and an optical disk
drive 2320, (e.g., reading a CD-ROM disk 2322 or, to read from or write to other high
capacity optical media such as the DVD). The hard disk drive 2314, magnetic disk
drive 2316 and optical disk drive 2320 can be connected to the system bus 2308 by a
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media includes both volatile and non-volatile, removable and

non-removable media implemented in any method or technology for
storage of information such as computer-readable instructions, data
structures, program modules or other data. Computer storage media
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other data in a modulated data signal such as a carrier wave or other
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reference again to FIG. 23, the exemplary environment 2300, for . )
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2302 dash)ding adgproegsatidg unitrZBR4, mayEtedempnys3 e a@ad@the
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avail é)é processors. Dual microprocessors and other ufltl- rocesso

S R0, BHE o PO BADIBYSHIES SR b Sleug iy B oS4m0 b673 12
The ksignamois230¢ sasndie 280 obseverabityppplichtius piogesuie IB3e, other
m?/ further Hwt]?c ecttfo a memar¥ %%wi P]Ior without a}%}nﬁmog/ .
CcOREBRENTR WSS sHer T LRI MR I8 itk uSThY BRSPS VS Psrating
ceommerciphyiavrilabladidude g chitectiaesat s systemhreinaky R0 2312. It is
includes regttj%)n‘ly memor%%ROMéBlO d rand%)m access memorg/. . ¢
(PRS2 TR RIS SRR ¥§tve"‘rﬂa?g?c5’§3r MG SPSiF LT combinations o
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B r(na ntajns the basic¢ routines that help to transfer information %? n
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23 ganoals orinalud e iae dighredpaadprtddvicsh) @g. sidts bbAM i338antdiag
d%toa}hting device, such as a mouse 2340. Other input devices (not shown) may include
a microphone, an IR remote control, a joystick, a game pad, a stylus pen, touch
screen, or the like. These and other input devices are often connected to the
processing unit 2304 through an input device interface 2342 that is coupled to the
system bus 2308, but can be connected by other interfaces, such as a parallel port, an
IEEE 1394 serial port, a game port, a USB port, an IR interface, efc.

[00204] A monitor 2344 or other type of display device is also connected to the
system bus 2308 via an interface, such as a video adapter 2346. In addition to the
monitor 2344, a computer typically includes other peripheral output devices (not

shown), such as speakers, printers, etc.
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[00200] The computer 2302 further includes an internal hard disk drive
(14DD) 2314 (e.g., EIDE, SATA), which internal hard disk drive 2314 may
also be configured for external use in a suitable chassis (not shown), a
magnetic floppy disk drive (FDD) 2316, (e.qg., to read from or write to a

repu e digkediaRdi8)nchany epticaé thskneivs iR igsambaadiigeaogical
CD-ROM disk 2322 or, to read from or write to other high capacity optical
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234 pneroplical disk drive 237PerndHe soneater i tbe SHBIRR(PUS348 can be
2308 by a 54 hard disk drive interface 2324, a magnetic disk drive
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Although the descgf)tion of computer-readable media above refers to a
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that other types of media which are readable by a computer, such as zip
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maytvadsR, ezuseelimdhet exemplary operating environment, and further,
in computer-executable instructio
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Magaiesechn ke stereddihik QHS@%@S@FA?Gi?éﬂhﬁldﬁﬂﬁlﬂﬁlzﬁg%éﬁﬁotrﬁmunicaﬁon
ting. 2330, icati rograms. , other .
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P AR BDS I S MRS SRR PSS A ISP o
ofiaredonracttddddihiee, is connected to the system bus 2308 via the serial port
interface 2342. In a networked environment, program modules depicted relative to
the computer 2302, or portions thereof, can be stored in the remote memory/storage
device 2350. It will be appreciated that the network connections shown are
exemplary and other means of establishing a communications link between the
computers can be used.
[00208] The computer 2302 is operable to communicate with any wireless devices
or entities operatively disposed in wireless communication, e.g., a printer, scanner,
desktop and/or portable computer, portable data assistant, communications satellite,
any piece of equipment or location associated with a wirelessly detectable tag (e.g., a
kiosk, news stand, restroom), and telephone. This includes at least Wi-Fi and

Bluetooth™ wireless technologies. Thus, the communication can be a predefined
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processing unit 2304 through an input device interface 2342 that is
coupled to the system bus 2308, but can be connected by other
interfaces, such as a parallel port, an IEEE 1394 serial port, a game port,
a USB port, an IR interface, etc. [00204] A monitor 2344 or other type of
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such as a video adapter 2346. In addition to the monitor 2344, a
cahIpttEMsiedifFincludes other peripheral output devices (not shown),
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né’ﬁﬁféﬂ? IRt LEE G adapter 2356. The adaptor 2356 may facilitate wired

O 002¢SS RedeningmoationFIGH e Lhde235Auhied mahaisnitbludeddagram of
s e P, s Ll Lo A0 g
ensipeotieriothe aennpatiefo? 3oseqrs idohicede andemndgbdeor. iThe system
Ao o Al 5 5 L
wiofiofe dnfethedads) provedar) 2anButidycie-dassheThtertiahios)edernah house
O RS ST RSP elio B SR MR 2,
moduesdepicted relative to the computer 2302, or portions thereof, can
eI S R R BRSSO S sy
2404 can also be hardware and/or software (e.g., threads, processes, computing
devices). The servers 2404 can house threads to perform transformations by
employing the architecture, for example. One possible communication between a
client 2402 and a server 2404 can be in the form of a data packet adapted to be
transmitted between two or more computer processes. The data packet may include a
cookie and/or associated contextual information, for example. The system 2400
includes a communication framework 2406 (e.g., a global communication network
such as the Internet) that can be employed to facilitate communications between the
client(s) 2402 and the server(s) 2404.
[00212] Communications can be facilitated via a wired (including optical fiber)
and/or wireless technology. The client(s) 2402 are operatively connected to one or

more client data store(s) 2408 that can be employed to store information local to the
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exemplary and other means of establishing a communications link
between the computers can be used. [00208] The computer 2302 is
operable to communicate with any wireless devices or entities operatively
disposed in wireless communication, e.g., a printer, scanner, desktop

anfekEpriaiig Compisieb(PritRINe £t BaIISNb-GRNMBHEAtIONS Similarly,

satellite, any piece of equipment or location associated with a wirelessl|
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communication can be a predefined 56 structure as with a conventional
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Internet from a couch at home, a bed in_a hotel room, or a conference
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and receive data indoors and out; anywhere within the range of a base
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can be used to connect computers to each other, to the Inter[;_et, agd t
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(802.,1@:| a) ﬁglr 54 Mbps (802.1 |b) data rate, for exwnple, or wjth prodilcts
e his B(S‘fﬁnbaﬁ%%ﬂﬂgb%df,%‘ﬂﬂt‘?é%ﬂ%‘?@@ﬁﬁﬁpw fygmployed as a
ragdnyeide pevtammancgasimilar to the basic | 013aseT wired Ethernet
networks used in many offices. [00210] Referring now to FIG. 24, there is
illustrated a schematic block diagram of an exemplary computing
environment 2400 that can be utilized by the CDP and respective
components and/or processes to provide data management. The system
2400 includes one or more client(s) 2402. The client(s) 2402 can be
hardware and/or software (e.g., threads, processes, computing devices).
The client(s) 2402 can house cookie(s) and/or associated contextual
information by employing the architecture, for example. [00211] The

system 2400 also includes one or more server(s) 2404. The server(s)

2404 can also be hardware and/or software (e.g., threads, processes,
computing devices). The servers 2404 can house threads to perform
transformations by employing the architecture, for exwnple. One possible
communication between a
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client 2402 and a server 2404 can be in the form of a data packet adapted

to be transmitted between two or more computer processes. The data

packet may include a cookie and/or associated contextual information, for
example. The system 2400 includes a communication framework 2406

(e.g., a global communication network such as the Internet) that can be
employed to facilitate communications between the client(s) 2402 and the

server(s) 2404. [00212] Communicafidnd 184 be facilitated via a wired
(including optical fiber) and/or wireless technology. The client(s) 2402 are
operatively connected to one or more client data store(s) 2408 that can

b &%ﬁ%%%%d%re information local to the 57 client(s) 2402 (e.g.,

cookie(s) and/or associated contextual information). Similarly, the

server(s),2404 gre.operatively.connected to one or more server dat .

o) At e R R TR R services

saoeessiBlk(y. §G02k3k Wi alispasabegrp esoib édrabevekindlodesg uniform access
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pleldorhiytioédispilitstepplatativmfragewerksby providing data services
accessible by a plurality of disparate application frameworks allowing

uniform access to data, comprising: an application program interface

(API) thaklfagilitdtem cdreldionicahagamnappileationddhfted ifelen otatidoaxtat least
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component that interfaces'to the APl and provides at least one of
object-relational mapping, query mapping, and enforcing of constraints;

a@d The platform of claim 2, the domain specific type is an entity type that is a
specification for a grouping of at least one of property and a method, which domain

specific type employs at least one of an entity, a table, a table set, and a relationship.

4, The platform of claim 3, a schema defines at least one of the entity, the

relationship, and the table set such that a namespace is associated therewith.

5. The platform of claim 2, the common data model defines a query language
over the specific domain type system, wherein the query language allows rich queries
against an object structure that provides a strongly typed, object-based abstraction

against stored data.

6. The platform of claim 5, the query language is at least one of Opath and
OSQL(object-oriented structured query language).
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a common data model that factors out a data interface that is common to

the plurality of disparate application frameworks. 2. The platform of claim

1, the common data model facilitates creation of at least one of a domain
specific type, a constraint, and a relationship. 3. The platform of claim 2,

the domainespegiietypelisan antiehRadpddiina crahisaticfutof@ngine that
group_i%%of at least one of property and a method, which domain specific
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the entity, the relationship, and the table set such that a namespace is

associated therewith. 5. The platform of claim 2, the common data model
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entity of the data platform. 8. The platform of ¢claim 1, further. comprising a

persisterld BRYIREMRLCHHBIG MO BIBRR AL SRR ATaPHE AR PRApS Y the

lapghaga alassiedan anbedyinadehulasny ey esamtaiaynodekiog sfore.
least one of a prescriptive object-relational mapping and a
non-prescriptive object-relational mapping. 9. The platform of claim 8, the

mEpPIngTibcfiNnfamapliaation sieasertoithef aapunne gplacaraekansyorks

in,d(%h)e{lden from th%ffcolnmog data model to a%tore. 10. The platform of

cIRFMTCRAL SRR B AU AR SBEHE RO WaHeWoTRE Uit (AR HPiSadt

orgsaina tiagagbhitsiness drasneviaricransind tise fimanewkl s, el aysiation

management framework, a usey application framework, a collaboration

LT DS e BB SEP D P A BRB Bovork

11. The platform of claim 1, the application is at least one of an end-user

application, a knowledge worker application, a line-of-busingss

D DcatOR. B LR A R, ORI A BB SR vsr

dapplitatibmanagereat appleatipplicatkollabidiatiorbagiptcatipyliciti @mnaveb

apBIi ation, a customer relationshig) ar}a%eégent ag lication, an. licati

efl é’%‘%?é@?e%&ﬁ%%%fﬁﬁ%ﬁ&‘%%l? RAGH, Qv Syt feRgEMmdtprcation.
collaboration application, an email application, a customer relationship management
application, an enterprise resource planning application, and a system management

application.

12. The platform of claim 1, the runtime component provides management of an
entity state which includes at least one of an identification mapping, an object change

tracking, and an original value.
13. The platform of claim 1, the data platform and respective components are tier-

agnostic and can exist in at least one of a client tier, a middle tier, a server tier, and a

web service tier.
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application. 12. The platform of claim 1, the runtime component provides
management of an entity state which includes at least one of an

identification mapping, an object change tracking, and an original value.

13. The platform of claim 1, the data platform and respective components
argytier- aEAB&icANHERMR XIS i AoIBARIPIR LI KRignbliRleSs R8Iy ithin
a server tier, and a web service tier. 60 14. The platform of claim 1, the
cOPRIHA HArASHERBPERSHICNS s Y AR MAPRHCAHEREA s Qebtggevith
CQOIRAPBHY SuchinaldisRaate @rpigalignsassasiated with

corresponding frameworks can access the shared data. 15. The platform

of claim 1, the common data model provides private data within the data
stpsage qRNPRABINSHICE dhatl thBbaitod al @41 Rske $36 ¢i $@livaYealata within
particular application associated with a particular framework. 16 The .
pid Sl SIERERTOMRIREF Ruh SRy R NaiStBie PRtk ¥lrbebya particular
chppoeatiasking serdceitR £pnfichetestivn satvice, an eventing service

and a notification service. 17. A computer-implemented method of

managing data, comprising: overlaying a data platform on a store that

mpglels and plereemipieluied TerticStsiap s cantuasinecaredtedarvice, a
types to Provi,de a data service which supports at least one of a rich data
mioHEE L A PR THEr), ORI AR B PR NS 5 Saféfﬁrﬁ?g a
applicrtidoir@mesworks; overlaying one or more application frameworks

onto the data platform to allow at least one application within each

framework to access the data store; communicating to the application in
the7form plahlpast ompleir mub itcthadse f amHaldHadat-aaempstetig:helper
function; providing at least one of an object-relational mapping, a quer )
mappin A BT B OF EORR A TS0 E LRTEs GHdHg. semi-
cataepirtdahisl castnantal Apiraidy of phe lisparatesapicatih supports at
frameworks, 61 8d The eihod of claim 17, furt erég)m%rising: cll'leatirll_gf
an°B¥;8eE; %fpaeﬂf%g AR EMRRECHD A AP RS TS XN AR SBLR Sy i gnechanisnt for
eslisplishéng plisadufititameworks;

overlaying one or more application frameworks onto the data platform to
allow at least one application within each framework to access the data store;

communicating to the application in the form of at least one of a public class,
an interface, and a static helper function;

providing at least one of an object-relational mapping, a query mapping, and
an enforcing of constraints; and

factoring out a modeling concept that is common to a plurality of the disparate

application frameworks.
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context; returning an instance of a storage context to an application;
exposing an interface to retrieve objects; mapping a query into SQL while
applying security; returning a result to a data platform runtime and the
application; and saving the changes on the encapsulated storage context

object. 19pd H@mmqlgﬁﬁlmg{zhgpmbﬁg%rising: providing shared

data to disparate applications on the disparate application frameworks;
and utiliAg /AL BRE specific to applications on particular disparate

applicatigp-Hipawenkse?6h & empHelimplemnsaieshaysanithals a security

facilitates managing data, comprising: means for communicating to
aﬁBﬂFﬁ%‘ﬁons in the form of at least one of a public class, an interface, and

a static hefpefidgngetipRiameasafaoRIQyibng.atieashpmecafion;
object-relational mappin%, qguery mapping, and enforcing of constraints;

and medR9SINGRILIHY 86T L ASaSngYeTiSept that is common to a
plurality gfaghanasaje-appiteasion framexypiksaBecurity;

returning a result to a data platform runtime and the application; and

saving the changes on the encapsulated storage context object.

19. The method of claim 17, further comprising:

providing shared data to disparate applications on the disparate application
frameworks; and

utilizing private data specific to applications on particular disparate

application frameworks.

20. A computer-implemented system that facilitates managing data, comprising:

means for communicating to applications in the form of at least one of a public
class, an interface, and a static helper function;

means for providing at least one of object-relational mapping, query mapping,
and enforcing of constraints; and

means for factoring out a modeling concept that is common to a plurality of

disparate application frameworks.
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